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EDITORIAL

Pediatric intestinal motility disorders
Stefan Gfroerer, Udo Rolle
age children. Most of these conditions are functional,
meaning that constipation does not have an organic
etiology, but in 5% of the cases, an underlying, clearly
organic disorder can be identified. Patients with organic
causes for intestinal motility disorders usually present
in early infancy or even right after birth. The most
striking clinical feature of children with severe intestinal
motility disorders is the delayed passage of meconium
in the newborn period. This sign is highly indicative
of the presence of Hirschsprung disease (HD), which
is the most frequent congenital disorder of intestinal
motility. HD is a rare but important congenital disease
and the most significant entity of pediatric intestinal
motility disorders. The etiology and pathogenesis of
HD have been extensively studied over the last several
decades. A defect in neural crest derived cell migration
has been proven as an underlying cause of HD, leading
to an aganglionic distal end of the gut. Numerous basic
science and clinical research related studies have been
conducted to better diagnose and treat HD. Resection
of the aganglionic bowel remains the gold standard
for treatment of HD. Most recent studies show, at
least experimentally, the possibility of a stem cell
based therapy for HD. This editorial also includes rare
causes of pediatric intestinal motility disorders such as
hypoganglionosis, dysganglionosis, chronic intestinal
pseudo-obstruction and ganglioneuromatosis in multiple
endocrine metaplasia. Underlying organic pathologies
are rare in pediatric intestinal motility disorders but
must be recognized as early as possible.
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Abstract
Pediatric intestinal motility disorders affect many
children and thus not only impose a significant impact
on pediatric health care in general but also on the
quality of life of the affected patient. Furthermore,
some of these conditions might also have implications
for adulthood. Pediatric intestinal motility disorders
frequently present as chronic constipation in toddler
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in early childhood.
these patients suffer
major importance to
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motility disorders are frequent
Despite the fact that most of
from functional problems it is of
recognize the cases with severe
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severe condition, which is characterized by repetitive
episodes or continuous symptoms of intestinal obs
truction without a fixed obstructive bowel lesion. This
disease frequently presents with radiological signs of
[8]
bowel obstruction .

underlying organic causes. Pediatric patients with
intestinal motility disorders require a standardized
diagnostic and if necessary therapeutic approach.
Functional constipation is the most frequent condi
tion in toddlers and preschool age, which requires
demystification, diet and concomitant laxative treat
ment. Functional constipation carries a very good
prognosis. Organic causes are rare in intestinal motility
disorders and require therefore meticulous diagnostics
and adequate surgical treatment. Hirschsprung
disease is the most relevant organic cause for pediatric
intestinal motility disorders.

CLINICAL PRESENTATION
Functional constipation has been discussed within
several consensus conferences for functional gastro
intestinal disorders (FGIDs) and was revised in 2006,
leading to the ROME Ⅲ child and adolescent criteria.
Functional constipation usually presents with a
decreased frequency of bowel motions per week. At
least two of the following criteria must be present for
more than two months to be regarded as functional
constipation: (1) two or fewer defecations per week; (2)
at least one episode of fecal incontinence per week;
(3) retentive posturing or excessive volitional stool
retention; (4) painful or hard bowel movements; (5)
presence of a large fecal mass in the rectum; and (6)
[9]
large diameter stools that may obstruct the toilet .
The most striking symptom of severe intestinal
motility disorder is the delayed passage of meconium.
Healthy newborn babies usually evacuate meconium
in the first hours after birth, at the latest 24-48 h
postnatally. Delayed passage of meconium combined
with defecation problems in infancy is clinically very
[10]
suggestive of Hirschsprung disease .
Patients suffering from hypoganglionosis or gang
lioneuromatosis usually present with severe chronic
constipation and ongoing defecation problems or
[11]
occasional bowel obstruction mimicking HD .
Patients with ganglioneuromatosis in MEN2b may
reveal intestinal problems characterized by constipation,
bowel obstruction or diarrhea up to 7 years before the
final diagnosis is made (own unpublished data).
The clinical presentation of chronic intestinal pseudoobstruction (CIPO) comprises symptoms and signs
of severe bowel dysmotility that frequently lead to
vomiting and repetitive bowel obstruction.

Gfroerer S, Rolle U. Pediatric intestinal motility disorders. World
J Gastroenterol 2015; 21(33): 9683-9687 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i33/9683.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i33.9683

EPIDEMIOLOGY
Defecation disorder is among the most common
complaints in pediatric patients. Chronic constipation
accounts for 3%-5% of consultations to pediatricians
and for 10%-25% of referrals to pediatric gastro
[1,2]
enterologists . Nevertheless, less than 5% of the
affected children have an underlying organic cause for
this condition.
Possible congenital anomalies of the intestinal
motor functions must be detected as early as possible.
The most common congenital disease presenting
with intestinal motor dysfunction is Hirschsprung
disease (HD). Its incidence varies between 1:5000
and 1:10000 live births. Hirschsprung disease is
characterized by the congenital absence of ganglion
cells starting distally from the inner circular muscle
with a varying extent towards the proximal bowel.
The most frequent localization of the congenital
[3]
aganglionosis is confined to the rectosigmoid colon .
Hypoganglionosis is an abnormality that is usually
observed in conjunction with HD in the transitional
zone proximal to the aganglionosis. Isolated hypo
ganglionosis is extremely rare and has only been
[4,5]
reported in approximately 100 cases .
Dysganglionosis of the enteric nervous system
(ENS) has previously been described as intestinal
neuronal dysplasia (IND). This entity may not really
exist as a clinical condition because, despite the
described histopathological changes, almost all
affected patients improve with time and conservative
treatment. Currently it is assumed that the so-called
[6]
IND is a normal age-related variant .
Ganglioneuromatosis usually presents with an
intestinal motility disorder and is an important and
mostly primary feature of the multiple endocrine
[7]
neoplasia (MEN) syndrome type 2B .
Chronic intestinal pseudo-obstruction is a rare but

WJG|www.wjgnet.com

DIAGNOSIS
Pediatric intestinal motility disorders should be diagnosed
by the standardized approach of taking the patient’s
history and conducting clinical investigations, imaging
[12,13]
and biopsy
.
Coordinated intestinal motility (peristalsis) is a
result of the interaction of the ENS, interstitial cells of
[14,15]
Cajal (ICCs) and intestinal smooth muscles
.
Functional, radiological and histological investigations
are applied in pediatric motility disorders to diagnose
[16,17]
the potentially underlying disease
.
First step is usually a radiographic investigation,
i.e., a contrast enema to reveal a suspected narrow
rectosigmoid segment in Hirschsprung disease. Contrast
enema has a sensitivity of 76% and a specificity of
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Figure 1 Acetylcholine-Esterase-Histochemistry-staining of a rectal
biopsy in a patient with Hirschsprung disease. Note absence of ganglion
cells and presence of hypertrophic cholinergic fibres within the mucosal layer
(original magnification × 40).

Figure 2 Acetylcholine-Esterase-Histochemistry-staining of a rectal
biopsy in a patient with ganglioneuromatosis in MEN2b. Note presence of
hyperplastic submucosal ganglions and hypertrophic cholinergic fibres (original
magnification × 20).

[18]

97% to diagnose HD . Furthermore contrast enema is
usually not conclusive in the attempt to clearly estimate
[19]
the length of the transition zone in HD .
Anorectal manometry (ARM) could be performed
in each age group to assess the rectoanal inhibitory
reflex. Absent rectoanal inhibitory reflex indicates HD.
[18]
Sensitivity and specificity of ARM is 91% and 94% .
Rectal biopsies are the gold standard for the final
diagnosis of severe motility disorders, especially
[20]
Hirschsprung disease . Routine staining methods are
hematoxylin-eosin (HE) and Acetylcholine-EsteraseHistochemistry (AChE). Recent studies revealed that
several new immunohistochemical markers, i.e.,
calretinin, peripherin and S-100, are useful for the
[21,22]
diagnostic of rectal biopsies
Especially calretinin
allows the staining of formaldehyde fixed specimen which
enables reference pathology on the respective specimen.
Typical and therefore pathognomonic findings at
the specimen are the absence of ganglion cells and the
presence of hypertrophic AChE-positive fibers within
the submucosal and mucosal layers of rectal biopsies
[6]
in patients with HD (Figure 1) . Serial biopsies are
required to define the length of the aganglionic bowel
segment. Rectosigmoid disease is the most frequent
form of HD (up to 90%). Rarely, patients suffer from
total colonic or even total intestinal aganglionosis. At
the present time, genetic investigations do not play an
important role in the clinical management of HD but
point towards further valuable research.
Hypoganglionosis is a disease that is not easily
diagnosed, even in rectal biopsies. The use of fullthickness biopsies and the careful interpretation by
[6]
an experienced pediatric pathologist are necessary .
Severe cases of hypoganglionosis that possibly require
segmental resection must be evaluated using serial
biopsies.
A histological finding of ganglioneuromatosis is
a hyperplastic submucosal and myenteric plexus
containing an increased number of ganglion cells,
[23]
glial cells and nerve fibres (Figure 2) . The diagnosis
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of MEN type 2b should to be evaluated by a genetic
investigation, and the analysis should show the specific
mutations of the codon 918 in RET exon 16 (95% of
[24]
MEN2B patients) .
Clinical symptoms and typical radiological signs
usually make the diagnosis of CIPO. Previous histo
logical studies have revealed distinct abnormalities in
the enteric nervous system, intestinal smooth muscles
(visceral neuropathy) and ICCs, which might also be a
[1]
secondary phenomenon .

MANAGEMENT
Management of chronic functional constipation is
conservative and, in nearly all cases, successful.
The major components of the treatment are demystification, toilet training, diet and the careful use of
[9]
laxatives .
The treatment of choice in HD is resection of the
aganglionic bowel segment with preservation of the
anal sphincter muscles. Recently established less
invasive transanal surgical procedures might lead to
better postoperative results and improved long-term
[25]
outcome .
Severe cases of hypoganglionosis also require
surgical treatment comparable to that of HD.
The diagnosis of ganglioneuromatosis in rectal or
other intestinal biopsies requires additional studies to
rule out MEN2B. Proven cases of MEN2B require an
intermediate thyroidectomy. The intestinal symptoms
of MEN2B should be treated conservatively as long as
possible. Bowel resection and/or stoma creation are
[24]
very rarely indicated .
Treatment of CIPO is primarily conservative, but
surgery might be required. The surgical procedures
carried out might be the creation of a catheterizeable
stoma for antegrade bowel irrigation or other enter
ostomata. Furthermore, parenteral nutrition or even
small bowel transplantation is required in severe
[26]
cases .
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OUTCOME
Appropriately treated functional constipation has a
good prognosis, but it has to be taken into account
that up to 20% of patients with chronic constipation
[27]
continue to have symptoms until adulthood .
The classical form of rectosigmoid HD is amenable
to a straightforward surgical correction. Intra- and/or
postoperative complications are rare. Nevertheless,
the long-term outcome after surgical treatment of HD
is compromised in 20%-25% of patients still suffering
from chronic constipation and/or enterocolitis even
after complete resection of the aganglionic bowel
including the transitional zone. Several conditions
might be responsible for that phenomenon such as
[28]
reduced numbers of ICCs in the ganglionic bowel .
CIPO is a chronic disease that produces a severe
impact on the quality of life. The underlying malignant
disease mainly determines the outcome of MEN2b. The
gastrointestinal symptoms usually improve with time.

9

CONCLUSION

16

10

11
12
13
14
15

Pediatric intestinal motility disorders require careful
and meticulous diagnostic measures to rule out
significant underlying organic disease. There have
been numerous advances in diagnostic methods
and surgical treatment options, leading to a better
outcome for the affected children. Nevertheless,
further research in needed in the field of genetics for
long-term treatment and transition of these diseases.
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Cardiovascular involvement in inflammatory bowel disease:
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Abstract
Increasing evidence of a link between inflammatory
bowel disease (IBD) and adverse cardiovascular
events has emerged during the last decade. In 2014,
an important number of meta-analyses and cohort
studies clarified the subtle dangerous liaisons between
gut inflammation and cardiovascular pathology. The
evidence suggests that patients with IBD have a
significantly increased risk of myocardial infarction,
stroke, and cardiovascular mortality, especially during
periods of IBD activity. Some populations (e.g. , women,
young patients) may have an even greater risk.
Current effective treatment of IBD is aimed at disease
remission and seems to reduce cardiovascular risk in
these patients. A beneficial effect was demonstrated
for salicylates, but not for steroids or azathioprine.
tumor necrosis factor-α antagonists, which are highly
effective in the reduction of inflammation and in the
restoration of the digestive mucosa, lead to conflicting
cardiovascular effects, as they seem to reduce the
risk for ischemic heart disease but increase the rate of
cerebrovascular events. Future supplemental treatment
strategies that may reduce the atherothrombotic risk
during periods of IBD activity should be explored.

Carmen Monica Preda, Gastroenterology Department, Fundeni
Clinical Institute, Carol Davila Medicine University, 011465
Bucharest, Romania
Author contributions: All authors contributed equally to the
article.
Supported by (in part) Sectorial Operational Program Human
Resources Development; European social fund; and the Romanian
government, No. POSDRU 141531.
Conflict-of-interest statement: The authors declare no conflicts
of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Lucian Negreanu, MD, PhD, Internal
Medicine 2 Gastroenterology Department, University Hospital,
Carol Davila University of Medicine Bucharest, 169, splaiul
Independentei Street, Sector 5, 011465 Bucharest,
Romania. negreanu_99@yahoo.com
Telephone: +40-72-2546405
Fax: +40-21-3180505

Key words: Inflammatory bowel disease; Thrombotic
events; Active disease; Cardiovascular risk; Anti-tumor
necrosis factor-α
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: March 9, 2015
Peer-review started: March 10, 2015
First decision: March 26, 2015
Revised: April 14, 2015
Accepted: July 18, 2015

WJG|www.wjgnet.com

Core tip: New evidence from an important number
of meta-analyses and cohort studies suggests that
patients with inflammatory bowel disease (IBD) have
a significantly increased risk of myocardial infarction,

9688

September 7, 2015|Volume 21|Issue 33|

Filimon AM et al . Cardiovascular involvement in IBD
observed, but an increased risk for both ischemic heart
[5]
disease and mesenteric ischemia was observed .
The exact etiology of the higher occurrence of
thromboembolic events is not yet completely under
stood, although it seems that multiple acquired and
inherited factors may be involved. In patients with
IBD, a persistent latent activation of hemostasis
exists in cases of both active and inactive disease and
is implicated in thrombotic diathesis. The detailed
mechanisms of this process were recently and ex
tensively presented in a comprehensive review. The
mechanisms include the following: elevated levels
of coagulation factors and products of thrombin
and fibrin formation, increased markers of acquired
vascular endothelial deficiencies, dysfunction of natural
anticoagulants, defects in the fibrinolytic system
and an elevated number of circulating platelets with
increased platelet activation and an increased tendency
[1]
for platelet aggregation .
In a recent cohort study that included 1708 patients
(648 with CD, 1060 with UC) who were followed for
35 years, the risk of venous thromboembolism was
1.03 per 1000 patients-year. The cumulative risk of
VTE 15 years after the diagnosis was 1.5%, which
was similar for both CD and UC, and was significantly
higher in males. The risk of VTE in patients with UC
was associated with extensive location of the disease
(OR = 3.25, 95%CI: 1.13-9.35), the presence of
a fulminant episode during the disease course (OR
= 4.15, 95%CI: 1.28-13.5), smoking (OR = 3.46,
95%CI: 1.14-10.5) and the need for steroids (OR =
2.97, 95%CI: 0.99-8.92). Similarly, in regards to CD,
[6]
all but one patient with VTE were smokers .
In a recent study on global assays of coagulation
and factor assays (procoagulant factor Ⅷ , von
Willebrand factor), the authors demonstrated that
acute severe colitis is a hypercoagulable disease state.
Although this hypercoagulable profile improves over
time, it is still present up to 8-12 wk after hospital
admission compared with control patients with quie
[7]
scent, extensive UC .
Another systematic review and meta-analysis
included cohort and case-control studies that reported
incident cases of CVA and/or IHD in patients with IBD
and compared them with a non-IBD control population
(or they were compared with a standardized
population). The presence of IBD was associated with
a modest increase in the risk of CVA, especially among
women and in young patients (< 40-50 years old).
IBD was also associated with a 19% increase in the
risk of IHD, also primarily in women. In this study,
no association was observed between IBD and an
increased risk of peripheral arterial thromboembolic
[8]
events .
Very important data have resulted from a series
of nationwide Danish population-based cohort studies
that were recently published.
In a cohort of 20795 patients with new-onset

stroke, and cardiovascular mortality especially during
periods of active disease and particularly in some highrisk populations, such as women and younger patients.
The current treatment paradigm, which is aimed at
deep, sustained remission, might reduce cardiovascular
risk in patients with IBD. Treatment strategies such as
the supplemental administration of statins to reduce
the atherothrombotic risk should be further explored.
Filimon AM, Negreanu L, Doca M, Ciobanu A, Preda CM,
Vinereanu D. Cardiovascular involvement in inflammatory
bowel disease: dangerous liaisons. World J Gastroenterol 2015;
21(33): 9688-9692 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i33/9688.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i33.9688

Inflammatory bowel disease (IBD) comprises two
types of chronic intestinal disorders: Crohn’s disease
(CD) and ulcerative colitis (UC).
Increasing evidence of a link between inflammatory
bowel disease and adverse cardiovascular events has
emerged during the last decade. The association of
IBD with an increased risk of venous thromboembolic
disease is now clearly recognized and has been
[1]
confirmed by many studies .
However, considerable heterogeneity was observed
in the current study in regards to how IBD modifies
the risk of arterial thromboembolic events, including
cerebrovascular accidents (CVA), ischemic heart
disease (IHD), and myocardial infarction (MI). The
relationship of inflammatory bowel disease to heart
failure (HF) is also uncertain. Two registry-based
studies of approximately 17000 and 25000 patients
with IBD, respectively, reported that the risk of MI
in IBD patients was comparable to matched control
[2,3]
subjects without IBD . In addition, in a meta-analysis
of 11 studies with a total of almost 14000 patients, no
increase in cardiovascular mortality was observed in
[4]
the IBD group compared with the control group .
In 2014, an important number of meta-analyses
and cohort studies clarified these subtle dangerous
liaisons between gut inflammation and cardiovascular
pathology.
A meta-analysis of publications in MEDLINE, the
Cochrane Library, EMBASE as well as of international
conference abstracts was conducted. It included all
controlled observational studies that evaluated the
incidence of venous and/or arterial thromboembolic
events and cardiovascular mortality in adult patients
with IBD. This analysis included 33 studies that
enrolled 207814 IBD patients and 5774898 controls.
The risk of thromboembolic events was increased
in patients with IBD, which was mainly due to an
increased risk of venous thromboembolism (VTE).
No increased risk of arterial thromboembolism or
cardiovascular mortality in patients with IBD was
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Table 1 Cardiovascular risk in inflammatory bowel disease-the liaisons
Study

Results

MEDLINE, Cochrane Library, EMBASE metaanalysis; 33 studies enrolling 207814 IBD patients
and 5774898 controls[5]

Increased risk of venous thromboembolism
Increased risk of both ischemic heart disease and mesenteric ischemia
No increased risk of arterial thromboembolism
No increased cardiovascular mortality
Cohort study, 1708 patients (648 Crohn’s disease,
A cumulative risk of venous thromboembolism after 15 yr after the diagnosis of 1.5% similar for
1060 ulcerative colitis), 35 yr follow-up[6]
both CD and UC
Systematic review and meta-analysis
Modest increase in the risk of CVA, especially among women and in young patients (< 40-50 yr old)
9 studies 2424 CVA events in 5 studies and 6478
19% increase in the risk of IHD, primarily in women also
No increased risk of peripheral arterial thromboembolic events
IHD events 6 studies[8]
Cohort study, 20795 new onset IBD patients
Overall increased risk of MI, stroke, and cardiovascular death
matched with 199978 controls[9]
Increased risk during flares
Nation wide cohort study, 5436647 subjects without
37% increased risk of hospitalization for HF in IBD
IBD or HF; follow up 11.8 yr
Increased risk during flares
23681 IBD patients developed IBD follow up 6.4 yr
86790 Danish patients with first-time MI[11]
Increased risk of recurrent MI and for all-cause mortality especially during flares
Historical cohort study 2004-2010[12]
IBD patients had CAD at a younger age as compared with non-IBD patients
Interventional catheterization database
131 IBD patients and 524 matched controls
IBD patients less likely to be active smokers and had a lower body mass index. No difference in
post-PCI outcome in patients with IBD vs non-IBD controls with CAD
CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; CVA: Cerebrovascular accidents; IHD: Ischemic heart disease; HF: Heart
failure; MI: Myocardial infarction; CAD: Coronary artery disease; PCI: Percutaneous intervention.

with IBD who were treated with salicylates alone,
11 subjects who were treated with steroids and
azathioprine, 7 subjects who were treated with antitumor necrosis factor (TNF)-α, and 30 matched
controls. The effect of therapy on pulse wave velocity
(PWV) was measured at baseline and at 3.4 ± 0.5
years later. In an adjusted model, carotid-femoral PWV
increased significantly at follow-up in subjects with
IBD who were treated with salicylates, but not in those
who were treated with steroids and azathioprine or
[13]
with anti TNF-α .
TNF-α antagonists have increasingly been used
in the treatment of IBD, and they are highly effective
in the reduction of the inflammatory burden and in
mucosal healing in some patients. However, data on
the potential impact of this anti-inflammatory effect on
the risk of cardiovascular diseases (CVD) in the setting
of IBD remain limited. Important evidence in regards to
the role of anti TNF-α also comes from Denmark. With
the same design of a nationwide, population-based
cohort study, the authors addressed the risk of CVD,
which was subdivided into ischemic heart disease (IHD)
and cerebrovascular accidents (CVA), among patients
with IBD who were followed for up to 11 years after
exposure to TNF-α antagonists. The cohort consisted
of 50756 patients with IBD, of whom 3109 had been
exposed to TNF-α antagonists during 1999-2010.
Thirty-one patients who were treated with TNF-α
antagonists and 2641 patients who were not treated
with TNF-α antagonists developed IHD. This yielded an
adjusted HR of 0.85 (95%CI: 0.59-1.24), whereas the
risk of CVA associated with TNF-α antagonists was 1.42
(95%CI: 0.82-2.45). These suggest a protective effect
of TNF-α antagonists on IHD, but at the same time,
the use of TNF-α antagonists might be a risk factor for

IBD and a mean age of 40 years who were matched
according to age and sex with 199978 controls,
patients with IBD had an overall increased risk of MI,
stroke, and cardiovascular death. During flares and
persistent IBD activity the rate ratios of MI, stroke, and
[9]
cardiovascular death were significantly increased .
The same Danish team showed that IBD is asso
ciated with an increased risk of hospitalization for HF
and that this risk was strongly correlated with periods
[10]
of active disease .
The effect of active IBD on major adverse car
diovascular outcomes after MI was studied in 86790
Danish patients with a first-time MI between 2002 and
2011. IBD was associated with hazard ratios of 1.21
(95%CI: 0.99-1.49) for recurrent MI, 1.14 (95%CI:
1.01-1.28) for all-cause mortality, and 1.17 (95%CI:
1.03-1.34) for the composite end point. Compared
with the non-IBD group, IBD flares in particular were
associated with increased risks of recurrent MI and
all-cause mortality, whereas no increased risk was
[11]
identified during remission .
The correlation between IBD and coronary artery
disease (CAD) was already confirmed in a smaller
study, where IBD patients tended to have CAD at a
younger age compared with patients without IBD; in
addition, they were less likely to be active smokers and
had a lower body mass index. However, in this study,
the post-PCI outcome in patients with IBD and CAD
was similar to that in controls with CAD but without
[12]
concurrent IBD .
Only a few studies have addressed the impact
of the use of anti-inflammatory drugs for the mana
gement of cardiovascular risk in patients with IBD
(Table 1).
One small longitudinal study included 14 patients
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Table 2 Cardiovascular risk and inflammatory bowel disease treatment
Study

Results

Longitudinal study[13]
14 IBD subjects treated only with salicylates, 11 subjects treated with steroids and
azathioprine, 7 subjects treated with anti TNF-α, and 30 matched controls
pulse wave velocity was measured at baseline and 3.4 ± 0.5 yr later
Nationwide, population-based, cohort study, patients with IBD followed for up to
11 years after exposure to TNF-α antagonists
Cohort of 50756 IBD patients of whom 3109 had been exposed to TNF-α
antagonists during 1999-2010[14]
Large retrospective study[15]
1986 statin exposed and 9871 unexposed subjects with IBD

Carotid-femoral pulse wave velocity increased significantly at
follow-up in IBD subjects treated with salicylates,
No increase of PWV in patients treated with steroids and
azathioprine or anti TNF-α
Protective effect of TNF-α antagonist on IHD
TNF-α antagonists use might be a risk factor for CVA (increased
trend, none of the values reached statistical significance)
18% reduction in initiation of oral steroids
Statistical significance for atorvastatin only
Greater reduction in steroid use for UC patients and no reduction in
Crohn’s disease
Reduce hazard of anti TNF-α use, surgery and hospitalization (no
statistical significance)

UC: Ulcerative colitis; IBD: Inflammatory bowel disease; CVA: Cerebrovascular accidents; IHD: Ischemic heart disease.

counseled routinely on the modification of aggressive
risk factors and adherence to the treatment guidelines.

CVA, although none of the values reached statistical
significance. Therefore, further studies are necessary
[14]
to clarify this issue .
The anti-inflammatory capacity of HMG-CoAreductase inhibitors was evaluated in patients with IBD
in a large retrospective study, which revealed an 18%
reduction in the initiation of oral steroid use in patients
with IBD (HR = 0.82; 95%CI: 0.71-0.94), and an
even greater reduction in patients with UC (HR = 0.75;
95%CI: 0.62-0.91). The beneficial effect of statins in
patients with IBD and whether this effect is linked to
their potential to decrease the risk of atherosclerosis
and inflammation requires clarification in further
[15]
studies .
These studies add considerable evidence to the
existing literature as they confirm the substantial
negative impact that IBD may have on cardiovascular
outcomes. However, some variables lack statistical
significance in the three studies, and thus we need
further evidence regarding the use of steroids, the risk
of VTE, IBD, and recurrent MI as well as exposure to
[6,11,14]
anti TNF-α and CVA
.
However, have these recent studies changed our
treatment paradigm or do they confirm that we are
on the correct path? Currently, our goal is to progress
beyond deep sustained remission.
The location, extension, activity, and severity of
the inflammatory lesions and the potential existence
of complications must be carefully evaluated in all
patients at the time of diagnosis and throughout
the course of the disease. This allows the selection
of a targeted therapeutic strategy in a particular
patient, and has important prognostic implications.
An approach that uses endoscopic healing and tight
control of inflammation based on the monitoring
of symptoms and biomarkers is proposed. The
observation of inflammatory activity is actively utilized
throughout the disease course to optimize mana
gement. Certain high-risk populations (e.g., those with
active disease, women, and young patients) should be
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CONCLUSION
New evidence suggests that patients with IBD have
a significantly increased risk of MI, stroke, and
cardiovascular mortality especially during periods of
IBD activity. Some populations (e.g., women, young
patients) may have an increased cardiovascular risk.
Effective treatment of IBD that is aimed at disease
remission may also reduce the cardiovascular risk
in these patients. Treatment strategies, such as
supplemental statin administration during periods of
IBD activity, for the reduction of atherothrombotic risk
should be further explored (Table 2).
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Value of screening endoscopy in evaluation of esophageal,
gastric and colon cancers
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Abstract

Tae H Ro, Michelle A Mathew, Subhasis Misra, Division of
Surgical Oncology, Texas Tech University Health Science Center
School of Medicine, Amarillo, TX 79106, United States

Esophageal, gastric, and colorectal cancers are deadly
diseases that continue to plague our world today.
The value of screening endoscopy in evaluating these
types of cancers is a critical area of discussion due to
a potential reduction in morbidity and mortality. This
article describes how to identify a good screening test
and explains what are important criteria in the field of
screening endoscopy. Furthermore, the current status
and progress of screening endoscopy for esophageal,
gastric, and colorectal cancer will be evaluated and
discussed. Mass screening programs have not been
implemented for esophageal and gastric carcinomas in
those with average or low risk populations. However,
studies of high-risk populations have found value and
a cost-benefit in conducting screening endoscopy.
Colorectal cancer, on the other hand, has had mass
screening programs in place for many years due to the
clear evidence of improved outcomes. As the role of
endoscopy as a screening tool has continued to develop,
newer technology and techniques have emerged to
improve its utility. Many new image enhancement
techniques and computer processing programs have
shown promise and may have a significant role in the
future of endoscopic screening. These developments
are paving the way for improving the diagnostic and
therapeutic capability of endoscopy in the field of
gastroenterology.
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Core tip: The value of screening endoscopy in evaluating
esophageal, gastric, and colon cancers is a critical area
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In 1853, the French surgeon Desormeaux, coined
the term “endoscope” to describe the instrument
he created to inspect cavities of the body. Through
this illumination device, Kusmaul performed the first
[3]
esophagoscopies in 1867-1868 . Hollow tubes and
spatulas connected to illumination sources were the
main way esophagoscopies were first performed.
Years later the light source was incorporated into the
endoscopes, which was followed by the creation of
the semi-flexible gastroscope by Wolf and Schindler
in 1930. Due to the development of very transparent
optical quality glass, Basil Hirschowitz and Larry
Curtiss were able to build the flexible fiber optic
[4]
endoscope in 1958 . The flexible endoscope depends
on delivering light and transmitting the image along
bundles of chemically treated glass fibers. Initially, the
endoscopist viewed the image through an eyepiece
on the instrument, but eventually a video system
was incorporated into the scope, which led to the
[5]
videoscopes used today . While the basic structure
has remained the same, there have been advances
in technology that have led to the development of
new endoscopic techniques. These developments
are paving the way for improving the diagnostic and
therapeutic capability of endoscopes in the field of
gastroenterology. We will be discussing the value of
screening endoscopies in the evaluation of esophageal,
gastric, and colon carcinomas.

of discussion due to a potential reduction in morbidity
and mortality. Studies have found value and cost-benefit
in conducting screening endoscopy in esophageal
and gastric cancer in high-risk populations. Colorectal
cancer has had mass screening programs implemented
for many years due to the clear evidence of improved
outcomes. New innovations in technology have emerged
and shown promise in playing a significant role in the
future of endoscopic screening. These developments are
paving the way for improving the diagnostic capability of
endoscopy in the field of gastroenterology.
Ro TH, Mathew MA, Misra S. Value of screening endoscopy
in evaluation of esophageal, gastric and colon cancers. World J
Gastroenterol 2015; 21(33): 9693-9706 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i33/9693.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i33.9693

INTRODUCTION
Screening tests are important tools for health
maintenance that have been around for the past
half-century. Since its development, the number of
screening tests has increased exponentially and it has
sparked the creation of many innovative technologies.
The purpose of screening is to catch early stages of
disease and to delay or prevent further development
of the disease course. In contrast to diagnostic tests,
screening tests evaluate individuals that have a low
pretest probability of a particular disease. These
individuals are either asymptomatic or are at preclinical
[1]
stages of their disease .
While evaluating the utility of a screening tool,
several aspects need to be examined in order to
support its validity and practical use. For a screening
test to be effective, there needs to be a change in
patient outcome with early detection of a disease.
Standard measures of patient outcome include mor
bidity, mortality, and quality of life. Once a value for the
test is established, a risk-benefit analysis is typically
assessed, and then accuracy of the test is evaluated.
Screening test accuracy is measured by sensitivity,
specificity, and predictive value. Sensitivity is the
ability of a test to detect positive results in patients
with disease, while specificity is the ability of a test to
detect negative results in patients without disease, and
predictive value is the probability of a condition given
by the result of a test. A good screening test will have
high percentages in these categories. Cost analysis is
one of the last measures to determine practicality and
implementation on a larger scale. Implementation of
a screening program must find a balance between the
reduction in cancer mortality and the costs associated
with screening and subsequent diagnostic evaluations
[2]
due to false-positive results . While there are many
screening modalities used today, we will be discussing
the efficacy of the screening endoscopy.

WJG|www.wjgnet.com

ESOPHAGEAL CANCER ENDOSCOPIC
SCREENING
Epidemiology
In 2012, there was an estimated 455800 new cases of
[6]
esophageal carcinoma and 400200 deaths worldwide .
Esophageal carcinoma is the eighth most common
cancer and sixth leading cause of cancer related
[7]
deaths . While other types of cancer are expected
to decrease in incidence over the next 10 years, the
prevalence of esophageal cancer is expected to increase
[7]
by 140% by the year 2025 . The predominant
esophageal cancer in North America and Europe is
esophageal adenocarcinoma (EA), while esophageal
squamous-cell carcinoma (ESCC) is the predominant
[8]
type in Asia, Africa, and South America . The highest
risk area is referred to as the “esophageal cancer belt”
[6]
and runs from Northern Iran to North-Central China .

Risk factors

Obesity and gastroesophageal reflux disease are the
key risk factors for EA, with Barrett’s esophagus as the
precursor lesion in the majority of cases. Alcohol and
tobacco are the leading risk factors for ESCC in Western
countries, with esophageal squamous dysplasia as the
precursor lesion. The risk factors in high-risk areas
of Iran and China are not fully established, but are
associated with poor nutritional status, low intake of
fruits and vegetables, and drinking beverages at high
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Table 1 Accuracy of endoscopic modalities in esophageal carcinoma, which reveal the efficacy of endoscopic screening
Type of study

BE/ESCC

Endoscopic screening
Prospective
ESCC
Prospective

ESCC

Ultrathin endoscopes
Randomized
crossover
Randomized
crossover
Capsule endoscopy
Prospective
single screen
Prospective
single screen
Prospective
single screen

Patient group

Disease
prevalence (%)

Accuracy of screen (%)

Asymptomatic; Linxian, China

ESCC: 9.5

Asymptomatic; Linxian, China

Not determined

Relative risk of ESCC: 2.9/9.8/28.3 (mild/moderate/sever
dysplasia); 34.4 (carcinoma in situ)
Sensitivity/specificity for high-grade dysplasia or ESCC: 62/79
(visible lesions); 96/63 (unstained lesions)

GERD; United States

Not determined

BE

Sensitivity: 26/30 (standard/small caliber endoscopy)

BE

BE and controls; United Kingdom Not determined

Sensitivity/specificity small vs standard caliber: 100/100

BE

GERD and under surveillance BE; Not determined
United States
GERD; United States
Not determined

Sensitivity/specificity for BE: 67/84

BE
BE

GERD; United States

Not determined

Sensitivity/specificity for BE: 60/100
Sensitivity/specificity for BE: 78/82 (visual lesions); 93/78 (biopsy)

Adapted from Lao-Sirieix et al[11]. BE: Barrett’s esophagus; ESCC: Esophageal squamous cell cancer; GERD: Gastro-esophageal reflux disease.
[6]

temperatures . There is a higher risk of both types of
esophageal cancer with high intake of fats, red meats,
and processed foods. Adenocarcinoma is three to four
times more common in men, and the incidence of both
[8]
types of esophageal carcinoma increases with age .

while chromoendoscopy had a sensitivity of 96%
[12]
and specificity of 63% . In Japan, a study stratified
Japanese men into high risk and low risk groups based
on diet, drinking, and smoking. Chromoendoscopy
resulted in a diagnosis of esophageal carcinoma in
0.86% of the subjects. The detection rate was 4.27% in
the high-risk group, as opposed to 0.67% in the lower
[13]
risk groups . A study of a high-risk population in the
Henan Province of China detected precancerous lesions
in 46.6% of the subjects through chromoendoscopy,
and 2.42% were cancerous. Among those diagnosed
[14]
with cancer, 84.5% were in the early stage . These
studies convey that in high-risk populations for
esophageal carcinoma, there is value in implementing
endoscopic screening for early detection and treatment
of esophageal carcinoma. The effect of screening
endoscopy on morbidity and mortality in esophageal
carcinoma is an area that needs to be further studied.

Current screening methods

Early detection of esophageal carcinoma through
cytological and endoscopic screening methods has
been primarily concentrated in countries where there
[9]
is a high incidence . Endoscopy is the gold standard
for diagnosing esophageal cancer and precancerous
lesions. The standard esophagogastroduodenoscopy
(EGD) uses a small chip camera and a non-coaxial optic
fiber system to carry white light down the oropharynx
to examine different levels of the gastrointestinal
mucosa. Other screening methods such as cytological
examination and molecular markers have been
studied, but endoscopy with biopsy and iodine staining
remains as the diagnostic choice to detect esophageal
[10]
squamous dysplasia . Endoscopy with iodine staining
(Lugol’s solution) is known as chromoendoscopy. The
normal squamous epithelium of the esophagus contains
abundant glycogen, which the iodine stains brown.
Abnormal mucosal lesions such as squamous dysplasia
and carcinoma in situ remain unstained due to the
[10]
[11]
low glycogen content . Lao-Sirieix et al
discuss
the accuracy of endoscopic modalities in esophageal
carcinoma, which reveal the efficacy of endoscopic
screening (Table 1).

Cost analysis

Evaluating the cost effectiveness of screening en
doscopy is difficult due to the variability in costs and
services in different countries. There is not enough
evidence to implement a mass-screening program in
the United States due to the low incidence of disease.
However, in areas with high-risk populations, there may
be value in implementing such screening measures.
[15]
Yang et al
found that screening in high risk areas of
China, and subsequent early diagnosis and treatment,
provide great cost savings due to the much lower cost
of screening compared to the cost of multimodality
treatment of invasive esophageal carcinoma with
endoscopic mucosal resection, esophagectomy,
radiotherapy, or chemotherapy. In another study in
high-risk areas of China, chromoendoscopy screening
resulted in substantial net price values and high benefit[16]
cost ratios . Other factors must still be considered,

Utility of endoscopic screening

Chromoendoscopy has been studied in various countries
with high-risk populations. In a high-risk population of
ESCC in Linxian, China, standard white light imaging
(WLI) was used to detect severe dysplasia or cancer
with a sensitivity of 62% and specificity of 79%,
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Figure 1 Differences in white light imaging from narrow-band imaging. A: White light imaging (WLI) displays an erythematous area in the posterior wall of the
hypopharynx (white arrow); B: Magnifying WLI reveals a minimally erythematous patch with tiny microdots (white arrow): C: Narrow-band imaging (NBI) locates a
distinct brown lesion in the posterior wall of the hypopharynx (white arrow); D: Magnifying NBI also demonstrates a distinct brown lesion with microdots that can be
distinguished from the healthy mucosa surrounding it (white arrow)[20].

such as the frequency of screening, the invasive nature
of endoscopy with its accompanying complications, and
health resource status.

found that NBI detected cancer more frequently
than WLI (97% vs 55%, P < 0.001, respectively)
with a sensitivity of 97.2%, specificity of 42.1%, and
accuracy of 88.9% compared to 55.2%, 63.2%, and
[21]
56.5% with WLI, respectively. Yokoyama et al found
that the sensitivity of NBI was superior to WLI and
equivocal to chromoendoscopy (92% vs 42%, P <
0.05, 92% vs 100%, NS) and specificity of NBI was
equivalent to WLI (89% vs 94%, NS). Images adapted
[20]
from Muto et al , above, illustrate the differences in
WLI from NBI (Figure 1).

Novel techniques and technology

Early diagnosis of esophageal cancers are difficult to
make due to minimal morphological changes noted on
visualization. Therefore, targeted biopsies for precise
histological diagnosis requires better endoscopic
sensitivity rates. Novel techniques and technology in
this field have shown significant potential to improve
[17]
screening utility for esophageal cancers .

Video capsule endoscopy

Narrow band imaging

The videocapsule endoscopy system includes a wire
less capsule that contains a video camera, a sensing
system, and a personal computer workstation. Studies
have shown that the Pillcam esophageal video cap
sule has good sensitivity and specificity in detecting
abnormalities in the esophagus, including Barrett’s
[22]
[23]
esophagus . Domingos et al
assessed the use of
esophageal capsule endoscopy (ECE) with methylene
blue chromoendoscopy and found that the sensitivity,
negative predictive value, and accuracy were 100%,
100%, and 79%, respectively for detecting esophageal
lesions suspicious of cancer. ECE is still not as widely
used as the standard chromoendoscopy with biopsy,
but it is an acceptable and sensitive method to detect
esophageal abnormalities.

Narrow-band imaging (NBI) is an endoscopic imaging
technique that displays microstructures and capillaries
in the superficial mucosal layer by using optical filters
that narrow the respective red-green-blue bands,
while simultaneously increasing the relative intensity
of the blue band. In theory, this allows the physician to
distinguish tissue surfaces much easier and optimizes
[18]
the ability to diagnose a cancerous lesion . Kara et
[19]
al found that the sensitivity for detecting high-grade
dysplasia or early cancerous lesions was 93% and
86% for indigo carmine chromoendoscopy and narrow
[20]
band imaging, respectively. Muto et al
compared
NBI with conventional WLI to detect superficial ESCC
lesions in patients with head and neck cancer. They
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Table 2 Different screening modalities
Modality
WL
NBI
Lugol1
NBI or Lugol
NBI or Lugol

Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

Accuracy (95%CI)

47.3%
84.2%
93.0%
94.7%
82.6%

97.4%
95.6%
90.7%
90.4%
95.9%

79.4%
80.0%
67.9%
67.5%
81.0%

89.8%
96.6%
98.4%
98.8%
93.6%

88.7%
93.6%
91.1%
91.1%
93.6%

1

Lugol is iodine staining solution used in chromoendoscopy. Adapted from Wang et al[26].

Autofluorescence endoscopy

tinues to grow and remains one of the most difficult
disease groups to cure. Gastric cancer is the third
leading cause of cancer death worldwide, following
lung and liver cancer. There was an estimated 951600
new gastric cancer cases and 723100 deaths that
[6]
occurred in 2012 . However, gastric cancer rates
have substantially declined in recent years. Studies
have shown that this decline is due to refrigeration,
less processed foods, and the availability of fresh
[28]
produce . In addition, the dramatic reduction of
Helicobacter Pylori infections and the implementation
of endoscopic screening in high-risk populations have
[29]
also played a critical role in this decline .

This method provides real-time fluorescent images
provided by adding a fluorescent agent to the standard
endoscope using an image-processing module. This
provides cellular and histological details of the tissue,
[24]
aiding in detection of mucosal lesion . Uedo et
[17]
al
studied the use of videoendoscopy system with
autofluorescence and reflectance imaging, which had a
100% detection rate of superficial esophageal cancers.
The autofluorescence imaging (AFI) revealed flat or
isochromatic extensions that were not detected by
[25]
WLI. Lopes and Fagundes
discussed how AFI had
a higher sensitivity than WLI in detecting superficial
esophageal lesions (79% vs 51%, respectively), but its
accuracy was worse than chromoendoscopy or NBI.

Risk factors

Gastric cancer has distinct geographical and soci
oeconomic differences in distribution. Much of these
differences are due to specific ethnic diets that result in
continuous inflammation of the gastric lining. Diets high
in salt, processed foods, nitroso compounds, and low
in fruits, vegetables, and fiber are at increased risk of
[30-32]
epithelial cell damage and pre-cancerous lesions
.
Another major contributor to gastric cancer is H. pylori
infections. They are the most common cause of gastritis
and evidence suggests an approximate six-fold increase
[33]
in the risk of gastric adenocarcinomas . Other major
risk factors include atrophic gastritis, gastric surgery,
[34]
obesity, smoking, and genetic predisposition .

Ultrathin transnasal endoscopy

Another advance in technology is the use of transnasal
endoscopy (TNE), which has the advantages of
a small caliber device, ability for insufflation and
biopsy, no need for sedation, and use with NBI and
[26]
chromoendoscopy. Wang et al
compared the
different screening modalities (Table 2) and found
that unsedated TNE is a safe and reasonable option
for esophageal screening. They found that TNE had a
detection rate of ESCC and high-grade intraepithelial
neoplasms of 10.1% and 7.3%, respectively, with
[27]
mean procedure duration of 14.6 min. Arantes et al
studied the feasibility and tolerance of TNE in Brazilian
patients undergoing esophageal screening. TNE was
feasible in 99.1%, with an ESCC detection rate of
12.7%, and 92% of patients rated the discomfort
as absent or minimal. They found no difference
between WLI (sensitivity 92.3%, specificity 98.9%,
accuracy 98.1%, area under curve 0.995) and digital
chromoendoscopy [flexible spectral imaging color
enhancement (FICE)] (sensitivity 100%, specificity
98.9%, accuracy 99%, area under curve 0.956) for
detection of esophageal neoplasms. The ability to
avoid sedation could be a significant advantage of TNE
by decreasing complications.

Current screening methods

The implementation of endoscopic gastric cancer
screening has been limited to high-risk populations.
Several countries including Venezuela, Chile, and
East Asian countries such as China and Japan have
implemented a variety of screening programs. In 2001
the Korean Gastric Cancer Association and National
Cancer Center established nationwide endoscopic
screening guidelines to the general populous in the
Republic of Korea. The guidelines recommended
biennial endoscopy or upper gastrointestinal series
[35]
(UGIS) in men and women aged 40 years or older .
Several other screening methods for the early de
tection of gastric cancer include serum pepsinogen,
serum gastrin-17, and Helicobacter pylori antibody
testing. Endoscopic studies have shown the highest
detection rates amongst the screening tests and
have universally been used as the gold standard for
diagnosis. Upper GI series has continuously been

GASTRIC CANCER ENDOSCOPIC
SCREENING
Epidemiology

With the aging population, the burden of cancer con
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Distribution of gastric cancer stage
by EGD screening intervals

Table 3 Five-year survival rates by stage for stomach cancer
treated with surgery

100%

Ⅳ

Stage of cancer

80%

Ⅲ

Stage

Ⅱ

Stage ⅠA
Stage ⅠB
Stage ⅡA
Stage ⅡB
Stage ⅢA
Stage ⅢB
Stage ⅢC
Stage Ⅳ

Ⅰ

60%
40%
20%
0%

1

2

3

  4
5
Interval (yr)

>5

71%
57%
46%
33%
20%
14%
9%
4%

Adapted from National Cancer Institute’s SEER database[40].

No EGD

Figure 2 Diagnosis of stage Ⅳ gastric cancer increased substantially
when the screening intervals extended beyond 3 yr. Adapted from Nam et
al[41]. EGD: Esophagogastroduodenscopy.

Table 4 Endoscopy used in cancer screening

analyzed as a rivaling modality for cancer detection
[36]
but has not shown clear benefits over endoscopy .

Ref.

Number of
Subjects

Sensitivity

Specificity

PPV

Hamashima
et al[44], 2013

EGD: 7388

88.60%
(69.8-97.6)1
83.10%
(58.6-96.4)1
66.90%
(59.8-74.0)1
27.30%
(22.6-32.0)1

85.10%
(84.3-85.9)1
85.60%
(84.6-86.5)1
96.20%
(95.7-96.7)1
96.60%
(96.3-97.0)1

5.50%
(4.3-7.0)1
4.30%
(3.4-5.2)1
5.30%
(4.8-5.9)1
1.30%
(1.1-1.6)1

Choi
et al[43,45],
2011

UTILITY OF ENDOSCOPIC SCREENING
Mortality rate evaluation

There has been considerable evidence that those with
early gastric cancer who undergo surgical treatment
[37,38]
have an excellent prognosis
. However, there is
a dramatic drop off in prognosis with the advanced
[39]
[40]
stages of gastric cancer . In Table 3 , the 5-year
survival rates, by stage, for stomach cancer treated
with surgery are provided by the National Cancer
Institute’s SEER database.
A large cohort study done at the Korean National
Cancer Center in Goyang, Korea discussed the relation
ship of gastric cancer stage and endoscopic screening
intervals. Based on their findings, a significant benefit
was observed in all screened subjects compared to
those who were never screened, and they found that
it was optimal to screen at intervals of 2 or 3 years.
From Figure 2, it is evident that the diagnosis of stage
IV gastric cancer increased substantially when the
[41]
screening intervals extended beyond 3 years .
There are very few studies on the mortality re
duction rates with the use of endoscopic screening
[42]
programs. However, Hamashima et al
conducted
a case-control study evaluating mortality rates of
those screened and not screened for gastric cancer.
Case subjects were defined as those who had died
of gastric cancer in a certain time period. Control
subjects were required to be disease-free at the time
when the corresponding case subjects were diagnosed
with gastric cancer. Compared with those who had
never been screened before the date of diagnosis of
gastric cancer in the case subjects, the odds ratios
within 36 mo from the date of diagnosis were 0.695
for endoscopic screening. Although the study admits
bias limitations, the results suggested a 30% reduction
in gastric cancer mortality by endoscopic screening
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5-year observed survival rate

Upper GI
series: 5410
EGD: 924822
Upper GI
series: 1765909

1

The 95% confidential intervals are given in parentheses[35]. Adapted from
Choi et al[43].

compared to no screening at all.

Test accuracy

Esophagogastroduodenscopy (EGD) and UGIS have
been the main screening tools for gastric cancer.
However, there has historically been some debate as
to which test is more effective. Two newer studies
[42]
[43]
by Hamashima et al
and Choi et al
show a
comparison of sensitivity, specificity, and positive
predictive value (PPV) of these two modalities. Although
there were some differences in sensitivity and specificity
between the two studies, the conclusions were similar.
The studies suggest that endoscopy is the better
test for gastric cancer screening due to its superior
performance and high detection rate. Table 4 displays
[35,43-45]
the comparative values
.

Cost analysis

Again, the analysis of cost effectiveness is a difficult
evaluation to make due to the lack of consistency and
prices in different world markets. However, in most
high-risk populations, such as Singapore, Japan, and
Korea, endoscopy was found to be the most costeffective screening method using incremental cost[35]
effective ratio (ICER) analysis . Additionally, in several
other Korean studies, screening endoscopy was also
found to be more cost-effective than no screening done
[35]
at all . In low-incidence rate populations, such as the
United States, there is not convincing evidence for a
[46]
nationwide screening program. Gupta et al concluded
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Table 5 Risk factors and proposed screening recommendations for gastric cancer
Risk factors

Risk for developing gastric cancer

Helicobacter pylori infection
Pernicious anemia
Partial gastrectomy
Familial adenomatous polyposis
Hereditary nonpolyposis colorectal cancer
Positive family history of gastric cancer

Odds ratio (OR): 2.3
Standardized incidence ratio: 5
15-24 yr, RR = 9.4
25-46 yr, RR = 55.6
Not available
Not available
OR: 2.5-5.1

Recommendation

First author

High risk area - mass screening possible benefit
Huang, 1998
Low risk area - mass screening not cost-effective
Screening by upper endoscopy (UE) recommended
Kokkola, 1998
Screening by UE recommended
Lundegardh, 1988
Tersmette, 1991
Screening by UE recommended
Alexander, 1989
Screening by UE recommended
Aarnio, 1997
HP eradication +/- UE screening
Yatsuya, 2004
Chen, 2004

Adapted from Chan et al[48].

[50]

that ICER remains high for upper GI screening and
would not be a cost effective program in the United
[47]
States. A separate study by Yeh et al also concluded
that endoscopic surveillance would not be cost-effective.
However, the study suggested that immigrants from
high-risk countries for gastric cancer might have a
cost benefit. Although ethnic implications are not
[48]
included, Table 5 constructed by Chan et al
displays
recommendations of endoscopic screening according to
different risk factors.

Images adapted by the pilot study from Tada et al ,
demonstrate AFI’s limited role in certain lesions and
benefit in others (Figure 3).

Ultrathin transnasal endoscopy with narrow-band
imaging

Ultrathin transnasal endoscopy, as the name implies,
is a much thinner scope that has fallen into favor
over the conventional white-light imaging EGD due
to decreased procedural discomfort and minimal
effects on the circulatory system. However, since
the endoscope is much thinner, there has historically
been a sacrifice to the optical resolution, resulting
in decreased detection rates. The development of a
new ultrathin non-magnifying transnasal endoscope,
the GIF-XP290N (Olympus Medical System, Tokyo,
Japan), has been documented to provide better details
and improved diagnostic utility. Many studies have
determined that the use of narrow band imaging with
this scope has demonstrated significant diagnostic
usefulness. However, it has not shown reliability in
[51]
predicting depth of invasion . Therefore, the use of
these scopes have been considered limited in its role
[52]
for gastric cancer T staging. The Kawai et al
study
showed that NBI examination using the new ultrathin
endoscope yielded a sensitivity of 87.5%, specificity
of 93.2%, and accuracy of 92.3%. Whereas WLI
examination yielded a sensitivity of 50.0%, specificity
of 63.6%, and accuracy 61.5%. Although it may have
poor staging utility, the benefits of ultrathin transnasal
endoscopy with narrow-band imaging are improving
and can soon become the standard technique for
diagnosing gastric cancer.

Novel techniques and technology

In recent years there have been new techniques and
technology that have showed significant promise in
improving early gastric cancer diagnosis. Autofluorescence
endoscopy and narrow-band imaging are some of the
leading areas of technological development.

Autofluorescence endoscopy

Much like its use in esophageal cancer screening,
autofluorescence imaging (AFI) is a newer concept
that uses the natural tissue fluorescence emitted by
endogenous molecules (fluorophores) after excitation by
light to produce real-time images. Therefore, using the
differences of fluorophore concentration, metabolic state,
and spatial distribution allows the physician to identify
[49]
irregular lesions . A pilot study from Japan compared
the results of detecting gastric cancer lesions with AFI vs
conventional EGD in experienced and less experienced
endoscopists. While there wasn’t significant change in
efficacy for the experienced endoscopists, for the less
experienced endoscopists AFI substantially improved
sensitivity of detecting neoplastic lesions. However, there
was insignificant improvement in specificity and accuracy.
A major reason for a lack of specificity was because the
AFI was unable to distinguish cancerous lesions from
inflammatory and hyperplastic changes. Nonetheless, the
study argues that the primary objective in early gastric
cancer screening should be higher sensitivity rather than
diagnostic accuracy. Though there hasn’t been definitive
evidence of significant benefit, especially in experienced
endoscopists, high-risk populations that already follow
screening guidelines might consider implementing AFI
[50]
over white light endoscopy to improve sensitivities .
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COLORECTAL CANCER ENDOSCOPIC
SCREENING
Epidemiology

Colorectal cancer (CRC) is the third leading cause of
cancer death in the United States and is a prevalent
disease that accounted for an estimated 1.4 million
cases and 693900 deaths worldwide in 2012. The
most recent cancer data suggests that the mortality
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Figure 3 Autofluorescence imaging’s limited role in certain lesions and benefit in others. A: White light imaging (WLI) displays a red lesion with a slightly
depressed area on the bottom right corner (white arrow); B: Autofluorescence imaging (AFI) does not demonstrate a distinct lesion that can be ruled neoplastic; C:
WLI made it difficult for the endoscopists to identify the isochromatic flat lesion: D: AFI displays a well-marked lesion with slightly raised borders (white arrows)[50].

rates for colorectal cancer are trending down and are
likely due to colorectal cancer screening, diminished
[6,53]
risk factors, and improved treatment options
.

began to observe the benefits of colonoscopy as
a screening tool and started to seriously consider
implementation of its use globally. In the United
States, the American College of Gastroenterology
was the first organization to recommend colonoscopy
as the preferred standard for CRC screening, which
was subsequently endorsed by the American Society
for Gastrointestinal Endoscopy and the National
Comprehensive Cancer Network. These recom
mendations were quickly followed by the American
Cancer Society in 1997 and the US Multi-Society Task
Force in 2003 with a “menu of options” approach. This
approach offered several options for screening and left
it to the patients and physicians discretion to choose
[58]
which method was preferred .
Today, screening for colorectal cancer is still
offered in a “menu of options” approach and is largely
influenced by two major United States guidelines:
the Multi-Society Task Force and the US Preventative
Services Task Force (USPSTF). The latest guidelines
were released in 2008 and the two organizations
have agreeing recommendations. These guidelines
recommend the following options as acceptable
choices for endoscopic colorectal cancer screening
in average-risk adults between the age of 50 to 75:
colonoscopy every 10 years, flexible sigmoidoscopy
every 5 years, annual fecal occult blood test, computed
tomography colonography every 5 years, annual
fecal immunochemical test, and stool DNA testing
(cologuard). Other than colonoscopy the remaining

Risk factors

Environmental influences and hereditary conditions
are the primary risk factors for CRC. Inflammation
of the large bowel result in the most substantial
increases in risk for CRC and many of these diseases
are inherited. To name a few, familial adenomatous
polyposis, lynch syndrome (hereditary nonpolyposis
colorectal cancer), or a family history of these diseases
[54]
have shown to have very high risk of CRC . Other
conditions that also increase risk include ulcerative colitis,
Crohn’s disease, diabetes, and patients who received
abdominal radiation in the past. After inflammatory
bowel conditions, there has been substantial evidence
that sedentary lifestyles and poor food choices have
led to increased risk. Many describe these attributes as
the “western lifestyle”, and have studied its detrimental
effects in the body. Studies show that an active lifestyle
with a diet high in nutrients, fruits, and vegetables are
[55,56]
protective to the large bowel mucosa
.

Current screening methods

The 1970s to 1990s marked an era of some of the
greatest advancements in GI endoscopy. In those
20 years, the medical world saw the first utilizations
of ERCP, endoscopic sphincterotomy, endoscopic
[57]
ultrasound, and colonoscopies . Eventually, researches
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showed a slight increase of 3.5% (95%CI: 0.9%-6.1%)
[65]
for adenomatous polyp detection . Therefore the
use of HD endoscopies combined with other image
enhancement techniques have been in favor compared
to HD enhancements alone.

Table 6 Colorectal cancer screening guidelines for the United
States
Guidelines for screening for the early detection of colorectal cancer and
adenomas for average-risk women and men aged 50 yr and older
Test

Interval

Wide angle colonoscopies

Tests that detect adenomatous polyps and cancer
FSIG with insertion up to 40 cm from anal
Every 5 yr
verge or to splenic flexure
Colonoscopy
Every 10 yr
DCBE
Every 5 yr
CTC
Every 5 yr
Tests that primarily detect cancer
gFOBT
Annual
FIT
Annual
sDNA
Interval uncertain

In addition to quality images, another idea to improve
detection rates was to widen the view of the camera
in order to reduce blind spots. Wide angle and full
spectrum colonoscopy are several techniques that
were developed to accomplish this. The standard
colonoscope allows 140 degrees of viewing angle.
In comparison, the wide angle (WA) colonoscope
reveals 170 degrees of forward viewing angle and the
newer full spectrum endoscopy (FUSE; EndoChoice,
Alpharetta, GA, United States) uses 3 different
cameras to expose 330 degrees of viewing. Based
on several studies, the WA colonoscopy showed no
benefits for polyp detection rates but had marginally
reduced withdrawal times (4.9 min vs 5.4 min, P =
0.0001). The FUSE technology, on the other hand, has
a more promising outlook based on recent studies.
In a 185 participant prospective, non-randomized
study, there was significant decrease in adenoma
miss rates compared to the standard forward-viewing
colonoscope. Based on per-lesion analysis, the
adenoma miss rate was 7% for the FUSE colonoscope
and 41% for forward-viewing colonoscope (P <
0.0001). However, there was a median withdrawal
time delay of about 30 s compared to the traditional
[66]
method . This, we believe, is not too much of a delay
for the benefit it may provide.

Adapted from Levin et al[59]. FSIG: Flexible sigmoidoscopy; DCBE: Doublecontrast barium enema; CTC: Computed tomography colonography;
gFOBT: Guaiac-based fecal occult blood test; FIT: Fecal immunochemical
test; sDNA: Stool DNA test.

screening modalities will not be further discussed in this
review article. Table 6 provides the colorectal cancer
[59,60]
screening guidelines for the United States
.

Utility of endoscopic screening

Since most colorectal cancers develop from pre
cancerous polyps, it is important to detect these
polyps early with colonoscopy. With early detection
and removal of these polyps, it reduces the risk of
developing colorectal cancer by up to 90 percent.
In addition, early detection of cancer that is already
present in the colon or rectum lead to better treatment
outcomes and reduced chance of metastasis. There
are several risks involved with the procedure, including
severe bleeding or a tear in the intestinal wall.
However, these risks are minimal and are usually avo
[58,61,62]
ided by sound clinical judgment
.

Third-Eye retroscope

Another new development of extended angle colon
oscopes is the Third-Eye Retroscope (TER; Avantis
Medical Systems, Sunnyval, CA, United States, Figure 4).
This disposable device is an add-on instrument that is
passed through the channel of a standard colonoscope
that will allow the physician to have an accessory
retrograde view that complements the forward view of
the colonoscope. Several studies have shown evidence
of significant increases in polyp and adenoma detection
rates. Polyps are defined as projections of tissue from
the inner lining of the colon into the lumen of the colon.
An adenoma is a type of polyp that has a different
growth pattern, only distinguished by pathology, which
usually has higher risk for cancer. Initial pilot studies
showed that there was an 11.8% increased diagnostic
yield for these lesions with TER. Furthermore, DeMarco
[67]
et al used a prospective, multicenter study to show a
polyp detection rate (PDR) increase of about 14.8% (P
< 0.001) and adenoma detection rate (ADR) increase
by 16% (P < 0.001) compared to the traditional
forward-facing scope. There was no evidence of
significant increase in procedure time or complications.
The most recent TERRACE study also concluded that

Novel techniques and technology

Early detection and management is crucial for good
prognosis in colorectal cancer. Unfortunately, several
studies have shown close to 20% of adenomas are
[63,64]
missed during colonoscopies
. In order to improve
visualization and increase the adenoma detection rates,
there have been many advancements in endoscopic
techniques and technology. Like all other endoscopy
screens, the results of these new techniques are
operator-dependent and vary according to the skills and
experience of the physician performing the endoscopy.

High definition colonoscopy

One of many attempts to improve functionality was
to have better quality images with high definition
(HD) colonoscopy. This was a simple enhancement
of resolution with refined images displayed by the
scope. There has been mixed results with the use
of HD colonoscopies. However, a meta-analysis of
HD colonoscopy compared to standard colonoscopy
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Table 7 Different image-enhanced endoscopy
Type

Mechanism of contrast

Dye-based IEE (chromoscopy)
Dye enhancement
Contrast dye
0.1%-0.4% solution Dye pools in mucosal crevices;
For 0.2% dilution, mix
indigo
no cellular staining
5 mL 0.8% solution)
carmine
with 15 mL sterile
water
Equipment-based IEE
Optical enhancement
Narrow band
Olympus
Modification of light source
imaging
with narrowed wavelengths
to enhance capillary patterns
Electronic enhancement
Spectral
Fujinon
Processing of image to
estimation
enhance capillary patterns
technology
Surface
Pentax
Processing of image to
enhancement
enhance color pattern or
structure (I-Scan Technology)

Figure 4 Third Eye Retroscope® attachment, extends out in its retroflexed
position[69].

the TER increases adenoma detection rate by visualizing
[68]
[69]
areas behind folds
(Figure 4 ). Thus far, the data
suggests this instrument may be a safe and effective
addition to screening endoscopies (Figure 5).

Adapted from Ko[72]. IEE: Image-enhanced endoscopy.

Colon capsule endoscopy

[72]

most effective techniques for evaluating lesions . The
newer equipment-based IEEs include NBI, the Fujinon
spectral estimation technology, and the Pentax surface
enhancement endoscopy. Table 7 further explains each
IEE and how they differ.

Colon Capsule Endoscopy (CCE, PillCam; Given
Imaging; Yoqneam, Israel) is a ingestible double-sided
camera to access nearly 360 degrees of viewing that
was first used for large bowel imaging in 2006. There
seemed to be a significant draw to the technology early
in its development because it didn’t require sedation or
gas insufflation. Unfortunately, the CCE lost favor and
had many negative opinions due to high procedural
costs, the need for extensive bowel cleansing, and
poor accuracy. Since then, CCE technology has been
constantly refined as new indications and new capsule
functions have been developed in order to improve
[22]
the diagnostic and possible therapeutic utility . The
second generation of CCE (CCE-2) was developed to
improve effectiveness and proved to be an accurate
tool to detect colonic neoplastic lesions when used in
[70]
average-risk individuals . However, many studies
have concluded that CCE is not a first-line screening
device due to the inability to take tissue samples and
no significant improvement of accuracy compared to
conventional colonoscopy. Current recommendations
state that patients who have contraindications or do
not wish to perform conventional colonoscopy, the
[71]
CCE-2 remains a good second option for screening
(Figure 6).

Narrow band imaging

Narrow band imaging trials have shown minimal
benefits in decreasing lesion miss rates for colorectal
[73]
cancer. According to a study by Pasha et al , HD-NBI
compared with HD-WLI, did not increase the yield of
colon polyps, adenomas, or flat adenomas, nor does
it decrease the miss rate of colon polyps or adenomas
for colorectal cancer screening or surveillance.

Fujinon spectral estimation technology

The Fujinon intelligent chromoendoscopy (FICE) uses
different filters to visualize the mucosal tissue and
reconstructs the image to display what the mucosa
would look like if illuminated using certain wavelengths.
The FICE allows a total of 10 different digital filters and
does not need any dye spraying techniques, which
gives its name “virtual chromoendoscopy”. Based on a
recent Spanish study, indigo carmine dye (the classic
chromoendoscopy) was better than any FICE filter
setting. However, IC and FICE filter 4 were both found
to be better than WLI alone. Therefore, FICE filter 4
was suggested a feasible option over the traditional
[74]
WLI .

Image-enhanced endoscopy

A recent area of much interest is the use of imageenhanced endoscopies (IEEs). These are imaging
techniques that may use topical dyes, optical filtering,
or ultramagnification that allows more contrast and
tissue differentiation during the endoscopic procedure.
Chromoendoscopy with indigo carmine (IC), for
example, has been a relatively classic procedure for
diagnosis of colorectal cancer and remains one of the
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Pentax surface enhancement technology

The Pentax technology uses a similar image refining
process to enhance the display of endoscopy. There
has been mixed reports on the benefit of the Pentax
HiLine colonscopy (PHL). One study concluded that
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Forward view

Retrograde view

Figure 5 Advantage of retrograde visibility. The retrograde view (right) clearly sights a polyp (arrow) that the forward view (left) would not have spotted[67].

colorectal cancer screening programs have been
implemented for many years. The use of colonoscopy
has shown drastic improvements in morbidity and
mortality, and is the reason it is recommended as
the primary screening tool in colon cancer screening
guidelines. As the role of endoscopy as a screening
tool has continued to develop, newer technology and
techniques have emerged to improve its utility. Many
new image enhancement techniques and computer
processing programs have shown promise and may
have a significant role in the future of endoscopic
screening.
Figure 6 First and second generation Colon Capsule Endoscopy by Given
Imaging[71].
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Contactin 1: A potential therapeutic target and biomarker
in gastric cancer
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Abstract

De-Hu Chen, Ji-Wei Yu, Bo-Jian Jiang, Department of General
Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai 201900, China

Despite advances in diagnosis and treatment, gastric
cancer remains one of the most common malignant
tumors worldwide, and early diagnosis remains a
challenge. The lack of effective methods to detect
these tumors early is a major factor contributing to the
high mortality in patients with gastric cancer, who are
typically diagnosed at an advanced stage. Additionally,
the early detection of metastases and the curative
treatment of gastric cancer are difficult to achieve, and
the detailed mechanisms remain to be fully elucidated.
Thus, the identification of valuable predictive bio
markers and therapeutic targets to improve the
prognosis of patients with gastric cancer is becoming
increasingly important. Contactin 1 (CNTN1), a cell
adhesion molecule, is a glycosylphosphatidylinositolanchored neuronal membrane protein that plays an
important role in cancer progression. The expression
of CNTN1 is upregulated in primary lesions, and its
expression level correlates with tumor metastasis in
cancer patients. The current evidence reveals that the
functions of CNTN1 in the development and progression
of cancer likely promote the invasion and metastasis
of cancer cells via the VEGFC/FLT4 axis, the RHOAdependent pathway, the Notch signaling pathway and
the epithelial-mesenchymal transition progression.
Therefore, CNTN1 may be a novel biomarker and a
possible therapeutic target in cancer treatment in the
near future.
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that are involved in signaling pathways have been
identified, and these may have potential prognostic
value and application as novel therapeutic targets.

issue, and the investigation of therapeutic targets and
biomarkers is of great importance. The accumulated
evidence demonstrates that contactin 1 (CNTN1) plays
a crucial role in cancer progression. In this manuscript,
the role of CNTN1 in cancer is discussed and the
mechanisms through which CNTN1 mediates the
invasion and metastasis of cancer cells are summarized.

BIOLOGY-BIOCHEMISTRY OF CNTN1 IN
NON-CANCER DISEASE
CNTNs are a subpopulation of molecules belonging to
the immunoglobulin (Ig) superfamily, which contains
six members: CNTN1, TAG-1/CNTN2, BIG-1/CNTN3,
[19,20]
BIG-2/CNTN4, NB-2/CNTN5 and NB-3/CNTN6
.
CNTN1, as the first identified member of the CNTN
[21]
family of CAMs , was mapped to the chromosome
12q11-q12 region and exhibits a common structure
of six C2 Ig-like repeats, four fibronectin type Ⅲ
(FNIII) domains, and a glycosylphosphatidylinositol
(GPI)-linkage at the carboxy-terminus that anchors
[22]
the protein to the extracellular plasma membrane
(Figure 1).
Previous investigations involving limited organs and
diseases have revealed that CNTN1 is highly expressed
in the human brain and neuronal tissues and is of vital
importance for nervous system development. The gene
plays a critical role in neuronal and glial development
and differentiation, in myelination and synaptogenesis,
[19,23-27]
and in fasciculation
. Indeed, CNTN1 mediates
neuron-glial interactions mainly through binding with
elements [tenascin-C, tenascin-R, and receptor protein
tyrosine phosphatase β (RPTPβ)/phosphagen] in the
extracellular matrix, leading to axonal growth and
[21]
fasciculation . Interestingly, since the discovery of
[20,28]
specific interactions between CNTN1 and PTPRZ
,
it is widely accepted that the transmembrane form of
PTPRZ expressed on glial cells interacts in trans with
CNTN1 expressed on the surface of axons, leading to
[29,30]
neurite outgrowth and glial adhesion
. Unlike the
general conception, the most recent study concluded
that CNTN1 expressed on the surface of oligodendrocyte
precursor cells (OPCs) interacts with a soluble form
[31]
of PTPRZ to modulate the proliferation of OPCs .
Other major functions of CNTN1 include serving as
a ligand to the Notch receptor, thereby influencing
[27]
oligodendrocyte maturation , and interacting in
cis with receptor protein tyrosine phosphatase α to
[32]
transduce extracellular signals to tyrosine kinase FYN ,
[33]
thereby regulating cell mobility . Furthermore, the
CNTN1 expression level has been found to decrease
[34]
as patients exhibit age-related declines in memory ,
[35]
to progressively increase during postnatal life
and
to enhance neurogenesis, synaptic plasticity and
[36]
memory , suggesting that it may be involved in
memory processes, consistent with the results of
studies investigating its participation in some forms of
[37]
synaptic plasticity and in neurotransmitter release . In
addition to the roles described above, CNTN1 has been
correlated with devastating brain disorders such as
[38]
autism and schizophrenia .
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INTRODUCTION
Gastric cancer (GC) remains a global cancer burden,
with a total of 9896000 new GC cases and 738000
deaths in 2008, accounting for 8% of the total cancer
[1]
cases and 10% of the total cancer-related deaths ,
which makes GC the fifth most common malignancy
[1,2]
and the third leading cause of death in the world .
More than 70% of GC cases occur in developing
countries, and half of the total number of GC cases
[3]
around the world occur in East Asia (mainly China) .
Although various factors, including early detection
[4,5]
[6,7]
strategies
and improvements in living standards ,
have contributed to the observed decrease in the
incidence of GC, it remains one of the most frequently
occurring cancers, and the early diagnosis and
effective treatment of GC remain challenging. Early
in the disease course, patients with GC experience
nonspecific symptoms, and most GC patients are
diagnosed with advanced GC due to a lack of earlystage symptoms; late-stage diagnoses are generally
too late for effective treatment, resulting in a five-year
[8]
survival rate of only approximately 20% .
At present, the effects of conventional chemotherapy,
radiotherapy and immunotherapy are generally not
satisfactory, and surgery remains the main choice for
the treatment of patients with GC if R0, or at least R1,
resection can be achieved. Despite developments in
oncology theory, surgical technique, operative skill
and chemotherapy in recent decades, metastasis and
post-surgery recurrence are critical obstacles to the
curative treatment of GC in patients with metastatic
[9]
cancer . Thus, a comprehensive investigation of the
mechanisms of initiation and progression of GC is
crucial for the identification of novel, sensitive and
specific biomarkers for early diagnosis and for the
detection of potential therapeutic targets. In recent
years, several novel targets and biomarkers for GC
[10]
such as long noncoding RNAs , promoter methylated
[11]
[12]
microRNAs , circulating microRNAs , and the
[13]
[14]
[15,16]
[17,18]
EZH2 , SPARC , EPHA2
and CNTN1 genes

WJG|www.wjgnet.com

9708

September 7, 2015|Volume 21|Issue 33|

Chen DH et al . Contactin 1 in gastric cancer

COOH

C2 lg-like domain

FN type Ⅲ-like domain

Plasma membrane

NH2

GPI anchor

Figure 1 Schematic representation of the structure of contactin 1. Contactin 1 (CNTN1) is composed of an N-terminal signal peptide, six C2 immunoglobulin (Ig)like repeats, four fibronectin type III-like domains and a glycosylphosphatidylinositol (GPI)-anchor at the carboxy-terminus linked to the plasma membrane.

capacity to increase survival but not the formation
of subcutaneously transplanted tumors in an animal
model, suggesting that CNTN1 plays a crucial role in
[17]
the invasion and metastasis of lung cancer cells . In
[41]
support of this finding, Su et al
also demonstrated
that the upregulation of CNTN1, induced by the
VEGFC/FLT4 axis through the activation of the SRC/p38
MAPK-mediated CEBPA-dependent signaling pathway,
may enhance the invasive capacity of different types of
cancer cells (e.g., lung, cervical and breast cancers).
Consistent with these reports, the tobacco carcinogen
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK) has been reported to enhance the invasiveness
of lung cancer cells by elevating the expression level
of CNTN1, which is regarded as a downstream effector
of NNK via the α7 nicotinic acetylcholine receptor (α7
nAChR) downstream of the AKT and extracellular
[47]
signal-regulated kinase (ERK) signaling pathway .
Since the discovery of the CNTN1-mediated
invasion and metastasis of lung cancer cells, it has
become increasingly evident that CNTN1 is also of
critical importance in the induction of the invasion and
metastasis of other cancer cells. Recent studies have
revealed that the knockdown of FLT4 in human GC
MKN45 cells using a short hairpin RNA lentiviral vector
contributes to the downregulation of the downstream
molecule CNTN1, indicating the possible involvement
of CNTN1 in the invasion and metastasis of human
[40]
GC cells . Furthermore, CNTN1 is considered a
recurrently mutated cell adhesion gene. Moreover, cell
adhesion is the most highly enriched biological process
[48]
among the mutated genes in the GC exomes . More
importantly, the mRNA and protein expression levels
of CNTN1 are increased in primary lesions compared
[18,49]
with adjacent normal gastric mucosal tissue
.
The expression level of CNTN1 in primary lesions is
significantly related to VEGFC or FLT4 expression;
positively correlated with lymphatic invasion, lymph
node metastasis and the TNM stage of patients with
GC; and inversely associated with the prognosis of
these patients. Moreover, patients with CNTN1-positive
expression show a higher lymphatic vessel density
[18]
(LVD) . Taken together, the results show that CNTN1

RELEVANCE OF CNTN1 IN CANCER
PROGRESSION
Despite the increasing number of studies focusing on
the regulatory roles of CNTN1 in the nervous system,
little attention has been paid to its function outside of
the nervous system. Strikingly, several recent studies
have demonstrated that CNTN1 also plays a key
role in diseases not related to the nervous system,
and its most notable function is its participation in
cancer progression in cancers such as esophageal
[39]
[40]
squamous cell carcinoma (ESCC) , GC , lung
[17,41]
adenocarcinoma
, oral squamous cell carcinoma
[42]
[43]
(OSCC) , hepatocellular carcinoma
and prostate
[44]
cancer , which is in agreement with accumulating
evidence supporting the finding that certain members
of the Ig superfamily promote the invasion and
[45,46]
metastasis of cancer
. Moreover, the 12q11-q12
chromosomal region, the location of CNTN1, is a
breakpoint region in certain types of cancer, further
demonstrating that CNTN1 plays a potential role in
[17,41]
tumor formation and/or advancement. Su et al
first described CNTN1 as a metastasis-promoting
oncogenic gene.
In a study of the crucial regulatory genes responsible
for the invasion and metastasis of cancer cells, Su
[17]
et al
unexpectedly discovered, through genomewide cDNA microarray analysis, that CNTN1, which
is detected in primary lung cancer, plays an essential
role in lung cancer metastasis. These researchers
demonstrated that the expression level of CNTN1,
which is differentially expressed in tumor tissues, is
positively correlated with the tumor stage and lymph
node metastasis and negatively correlated with the
prognosis of patients with lung adenocarcinoma.
Similarly, reduced CNTN1 expression has been
found to result in impairments in the ability of lung
adenocarcinoma cells to invade Matrigel in vitro,
the polymerization of filamentous-actin and the
formation of focal adhesion structures. Additionally, the
knockdown of CNTN1 in lung cancer cells specifically
inhibits their ability to metastasize, but not their
proliferation in vitro, and abolishes their metastatic
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may facilitate the invasion and metastasis of GC cells
and may be a valuable indicator of poor prognosis in
patients with GC.
In addition to these observations associated with GC,
previous studies have demonstrated CNTN1 expression
in upper gastrointestinal cancers and have noted its
[50]
[39]
involvement in esophageal cancer
and ESCC
[42]
and OSCC . As previously reported, the expression
of CNTN1 is closely correlated with that of VEGFC
because VEGFC can induce the recruitment of CEBPA
[41]
to bind with the CNTN1 promoter . Interestingly, the
enhancement of the migration of esophageal cancer
cells, which is attributable to a corresponding increase
in VEGFC expression, is significantly reversed through
[50]
a reduction in CNTN1 expression , suggesting that
CNTN1 may play a key role in the VEGFC-induced
migration of esophageal cancer cells. Moreover, the
mRNA and protein expression levels of CNTN1 have
been found to be elevated in ESCC tissues by real-time
PCR and immunohistochemistry and to be significantly
correlated with the ESCC stage, lymph node metastasis
and lymphatic invasion, indicating the participation of
[39]
CNTN1 in esophageal cancer progression . Therefore,
inhibitors against CNTN1 may be a promising therapy
for ESCC. Similarly, CNTN1 is overexpressed in patients
with OSCC. High expression of CNTN1 is markedly
correlated with regional lymph node metastasis in
patients with OSCC. CNTN1 expression is markedly
associated with the survival time of patients with
OSCC. The knockdown of CNTN1 expression decreases
the invasion potential of OSCC cells, but CNTN1
ablation exerts no effect on the proliferation of OSCC
cells, confirming that CNTN1 promotes the malignant
progression of OSCC through an exclusive activation
of the metastatic potential. Thus, CNTN1 may be a
useful predictor of prognostic outcome in patients with
[42]
OSCC .
Studies on the identification of new genes asso
ciated with melanoma have suggested that CNTN1, as
an activator of Notch signaling, has been overlooked
as a key factor in the progression of melanoma
[51]
and should be investigated in greater depth . The
deregulation of CNTN1 mRNA expression has also been
demonstrated in endometrial adenocarcinoma (EAC).
The expression level of CNTN1 is higher in late-stage
[52]
than early-stage EAC . Additionally, CNTN1 has been
[53]
reported to be involved in human astrocytic gliomas ,
[54]
[43]
glioblastoma , hepatocellular carcinoma
and
[44]
prostate cancer .
Recent data have indicated that several genetic
and epigenetic changes have an influence on patient
[55-57]
prognosis and survival
. The field of “molecular
pathological epidemiology (MPE)”, addressing the basic
heterogeneity of disease processes, has emerged as
an interdisciplinary integration of “molecular pathology”
and “epidemiology” that aims to understand the
interplay among etiological factors, cellular molecular
characteristics and disease evolution. The holistic MPE
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approach can be performed to assess the interactive
effects of environmental influences and disease molecular
signatures on disease progression and enables us to
[58]
obtain novel pathogenic insights regarding causality .
In conclusion, the gene encoding CNTN1, a factor that
potentially accelerates cancer progression, should be
further investigated with the ultimate aim of developing
an effective cancer treatment.

MECHANISM THROUGH WHICH CNTN1
PROMOTES CANCER METASTASIS
Despite mounting evidence supporting the influence
of CNTN1 on cancer metastasis, insights into the
underlying mechanisms responsible for this process
remain to be discovered for the development of
targeted therapy. At present, several studies have
shown that a variety of signaling pathways are involved
in CNTN1-mediated cell functions. CNTN1 is a GPIanchored neuronal membrane protein that functions
as a neural cell adhesion molecule (NCAM) and has
been observed to interact with other cell-surface
proteins that are thought to participate in a variety of
signaling pathways and cell functions in the nervous
[20,25,31]
system
. As previously reported, CNTN1 interacts
[29]
in trans with RPTPβ to facilitate neurite outgrowth
and in cis with RPTPα to transduce extracellular signals
[32]
to FYN kinase , a member of the SRC kinase family
[33,59]
that modulates cell mobility
. In addition, the
involvement of Notch signaling pathways in CNTN1mediated cell function has been demonstrated.
Nonetheless, the mechanism through which CNTN1
promotes the metastasis of cancer cells remains
unclear.
Recently, the VEGFC/FLT4 axis, which stimulates
the upregulation of CNTN1 expression, has emerged
as a central feature of CNTN1-induced cancer cell
[41]
[41]
metastasis . Su et al concluded that the expression
of VEGFC/FLT4 correlates with the stage and lymph
node metastasis of cancer and the survival of cancer
patients and that the VEGFC/FLT4 axis promotes the
migration and invasion of cancer cells. Investigations
into the functional linkages between CNTN1 and
VEGFC/FLT4-induced cell invasion revealed that CNTN1
is involved in cancer cell invasiveness and acts as a
downstream effector of the VEGFC/FLT4 signaling
pathway, in which SRC/p38 MAPK-mediated CEBPA
signaling is required for VEGFC/FLT4-mediated CNTN1
expression. Furthermore, rearrangements of F-actincontaining microfilament bundles have been found in
VEGFC/FLT4-mediated CNTN1 expression, indicating
that the VEGFC/FLT4 axis regulates cancer cell invasion
via CNTN1-dependent F-actin (a member of the actin
[41]
cytoskeleton) rearrangement in cancer cells . Indeed,
F-actin is regularly polymerized and depolymerized
[60]
in migratory cells and is required for cell motility .
Furthermore, RHO genes, including CDC42, RAC1,
and RHOA, are best characterized by their effects on
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Figure 2 Graphic representation of the molecular mechanisms underlying the contactin 1-induced migration and invasion of cancer cells. Contactin 1
(CNTN1) serves as a downstream effector of the vascular endothelial growth factor C (VEGFC)/FLT4 axis, which activates SRC/p38 mitogen-activated protein kinase
(MAPK)-CEBPA signaling. CNTN1 regulates F-actin rearrangement with the aid of RhoA and activates Notch signaling. Furthermore, CNTN1 inhibits E-cadherin
through the activation of SNAI2 as well as the upregulation of AKT, which result from the CNTN1-induced inhibition of PHLPP2. These mechanisms of CNTN1
contribute to the migration and invasion of cancer cells. PHLPP2: PH domain and leucine rich repeat protein phosphatase 2.

the cytoskeleton and cell adhesion. Interestingly, the
activity of the small GTP-binding protein RHOA has also
been demonstrated to be involved in CNTN1-induced
[17]
F-actin polymerization and cell invasion . In addition
to the VEGFC/FLT4 axis and the RHOA-dependent
pathway, Notch signaling may play a partial role in
CNTN1-mediated cancer cell invasion. In melanoma,
the activation of Notch signaling appears to be of
vital importance throughout tumor progression. For
example, the activation of Notch1 in primary melanoma
[61]
cells leads to a more metastatic phenotype . Indeed,
CNTN1, an activator of Notch, has been identified as a
[51]
novel melanoma-associated biomarker . Hence, the
interaction between CNTN1 and Notch signaling may
be a crucial factor in melanoma progression.
In addition to signaling, other factors play important
roles in CNTN1-mediated cancer cell metastasis. It
has been revealed that CNTN1 promotes cancer cell
invasion through the inhibition of CDH1 (E-cadherin)
[49]
expression . The downregulation of E-cadherin is
largely achieved through transcriptional regulatory
mechanisms, including SNAIL, SNAI2, TWIST, ZEB1
[62]
and SIP1 . CNTN1 may indirectly inhibit E-cadherin
through the upregulation of transcriptional factor
SNAI2 rather than SNAIL. In addition, CNTN1 may
decrease E-cadherin at the gene level as well as
the transcriptional level. The mechanism through
which the inhibition of the PH domain and leucinerich repeat protein phosphatase 2 (PHLPP2), instead
of phosphatase and tensin homolog (PTEN), results
in AKT activation explains how CNTN1 reduces
[63]
E-cadherin expression . Furthermore, as previously
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demonstrated, the loss of E-cadherin is a major
[64]
contributor to the invasion and metastasis of cancers .
The epithelial-mesenchymal transition (EMT) of cancer
cells may provide a novel perspective for the theory
of cancer stem cells (CSCs) and stem cell research in
the relevant field of cancer progression. Thus, CNTN1
represses E-cadherin expression in cancer cells through
the acquisition of a more invasive phenotype. Overall,
CNTN1 induces the migration and invasion of cancer
cells through a combination of the above-described
mechanisms (Figure 2).

CHALLENGES AND ADVANCES IN THE
PREVENTION OF CANCER METASTASIS
AND RECURRENCE, PARTICULARLY IN
GC
Recent advances in understanding the mechanism of
cancer metastasis

The origin of cancer has long been debated. The
concept of clonal evolution, which explains how
a set of clone cells accumulate mutations over a
period of time to result in damage to normal cells
and ultimately cancer, remains widely accepted as
[65]
explaining the origin of cancer . The theory of CSCs,
so-called “tumor-initiating cells”, was first proposed
[66]
in 1994 , explaining how a small subpopulation of
cells with self-renewal and pluripotency capabilities
can explain why some cancer patients will likely
relapse with metastatic and/or recurrent cancer even
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though the primary neoplasm has been completely
resected. Mounting lines of evidence have indicated
that CSCs play a crucial role in cancer recurrence and
metastasis and exhibit resistance to chemotherapy
[67]
and radiotherapy . The presence of human CSCs
has been confirmed in solid tumors, including breast,
[68]
[69,70]
colon, pancreas, prostate and stomach cancers
.
However, the maintenance of CSCs can largely depend
on their microenvironment (the stem cell niche), which
can protect CSCs from extrinsic stimuli. Overall, the
CSC niche is composed of proteins, cellular elements
(e.g., macrophages, fibroblasts, and endothelial
cells), and structural moieties (e.g., E-cadherin) that
interact with each other to protect CSCs. In addition,
several signaling pathways [e.g., WNT, Notch, TAB2
(TGF-β) and NF-κB] participate in the maintenance of
[65,71]
the undifferentiated state of CSCs
. Therefore, in
the current theory, the CSC niche is a prerequisite for
[71]
carcinogenesis ; thus, the therapeutic targeting of
this niche is of great interest.
Similarly, it has been widely acknowledged that
CAMs play an important role in cancer progression as
[72]
well as cancer cell invasion and metastasis . Consistent
with the identification of several signaling pathways
[73]
that trigger EMT involved in CSC development ,
researchers have demonstrated that the EMT of
cancer cells can result in the properties of migration,
[74,75]
invasion and CSCs
. Loss of E-cadherin expression
is regarded as the hallmark of the invasive phase of
cancer. Moreover, the reversible switch of the EMT, which
is termed the mesenchymal-to-epithelial transition
(MET), is considered to participate in the establishment
and stabilization of distant metastases in the target
organ by allowing cancerous cells to regain an epithelial
[76]
identity and thereby regain their proliferating ability .
Similarly, the EMT participates in the progression
of GC and endows GC cells with the properties of
migration and invasion, thus promoting cancer
metastasis. This multi-step process includes the loss of
cellular adhesion molecules, promoting cell adhesion
to the extracellular matrix (ECM), the degradation of
the ECM and the motility of tumor cells. Additionally,
the CSC characteristics acquired by the EMT endow
GC cells with the abilities to self-renew and to develop
[62]
drug resistance and apoptotic resistance .
In recent years, circulating tumor cells (CTCs),
which are defined as tumor cells originating from either
the primary tumor or metastatic tissues, have been
discovered in most epithelial tumors and increase the
risk of regional recurrence as well as distant metastasis.
Stem cell properties and the EMT are commonly
observed in CTCs, and the phenotype of CTCs is
regarded as a more attractive predictor of prognosis
[77]
than solely the number of CTCs in the blood . Indeed,
only a small population of CTCs with some properties
of stem cells, which are called circulating tumor stem
cells (CTSCs), can migrate to other targeted organs/
[78]
tissues for the development of secondary tumors .
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Strikingly, in addition to their clinical importance as an
independent predictive biomarker of poor prognosis
[79]
in patients with GC , evaluating the number of CTCs
in therapy may greatly improve the management of
patients, and recent developments of novel technology
have enabled the detection of CTCs in cancer pati
[80]
ents . Moreover, a recent study revealed that CTSCs
provide a more important and specific value for the
[81]
prognosis of in patients with GC . Nevertheless,
further investigations of the molecular mechanisms
of CTCs and CTSCs are urgently required to discover
potential therapeutic targets for the prevention of
micrometastasis and affecting the migration and TNM
[82]
classification in GC , thereby improving the prognosis
of cancer patients.

Necessity of identifying predictive biomarkers and
therapeutic targets to improve the prognosis of patients
with GC

In recent decades, improvements in strategies for
the detection, treatment and care of patients have
contributed to a marked decrease in the mortality of
GC worldwide. It is clear that upper gastrointestinal
endoscopy is beneficial for improvements in the earlier
diagnosis of GC. Magnifying endoscopy with narrowband imaging (NBI), which is the result of technological
innovations, has been reported to be more reliable
[83,84]
for the early diagnosis of GC
, and endoscopic
submucosal dissection (ESD) is a preferred option
[85]
compared with endoscopic mucosal resection (EMR) .
For advanced GC, surgery is usually regarded as the
only curative treatment, whereas perioperatively
adjuvant chemotherapy can to some extent improve
[86,87]
the prognosis of resectable GC
. Advancements
in surgical techniques, such as laparoscopic surgery
[88,89]
and robot-assisted gastrectomy
, are beneficial
to the outcome of patients. Despite these findings,
limited success has been achieved in the prevention
of advanced GC, and most patients with GC are
diagnosed at an advanced stage worldwide due
mainly to the absence of adequate and appropriate
screening that would identify gastric cancer in early
stages, causing the optimal window for curative
surgery to be missed. However, tumor biomarkers,
such as the auxiliary analysis of disease-related
indicators, have drawn increased attention over the
years. Investigations of the mechanisms of invasion
and metastasis of GC, which may provide key targets
for new drug development, are of vital importance.
Additionally, the identification of predictive and
prognostic biomarkers can better provide targeted
therapy for ideal patients.
Notable achievements have been made in mol
ecularly targeted therapy. The use of the anti-ERBB2
(HER2) antibody trastuzumab and the anti-KDR
(VEGFR2) antibody ramucirumab as supplementary
chemotherapy for patients overexpressing HER2 or
VEGFR2 receptor has led to significant gains in overall
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[86,90]

survival compared with chemotherapy alone
. In
recent years, the potential molecular target CNTN1
has been the focus of investigations on its role in
cancer metastasis. To the best of our knowledge,
elevated CNTN1 expression levels in primary lesions
are correlated with lymph node metastasis and the
[18]
prognosis of patients with GC . Thus, CNTN1 may be
considered a potentially promising prognostic indicator
and therapeutic target.

as a potential therapeutic target and biomarker in
cancer in the future.
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and prognosis in patients with GC
but also acts
as a downstream effector of the VEGFC/FLT4 axis
[40]
to mediate GC cell invasion . In addition to these
findings, CNTN1 seems to promote the migration
and invasion of GC cells via EMT alteration probably
[49]
induced by inhibition of SNAI2 . As a consequence,
CNTN1 may be a novel prognostic biomarker
and potential therapeutic target in patients with
GC. Despite this finding, the mechanism through
which CNTN1 modulates GC cell invasion and
metastasis remains incompletely explained. Further
investigations are therefore required to obtain an indepth characterization of its role and the mechanisms
underlying the invasion and metastasis of GC.
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8
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CONCLUSION

11

CNTN1, a GPI-anchored adhesion molecule, was
recently found to be overexpressed in various cancer
tissues, including lung cancer, melanoma, OSCC,
esophageal cancer, and GC. CNTN1 has been shown
to not only promote the invasion and metastasis of
cancer cells but also correlate with tumor metastasis in
cancer patients. The VEGFC/FLT4 axis, Notch signaling
and loss of E-cadherin via the inhibition of SNAI2 or
the activation of AKT may contribute to the CNTN1facilitated invasion and metastasis of cancer cells.
Similarly, the expression level of CNTN1 is correlated
with lymph node metastasis and the prognosis of
patients with GC and positively associated with the
invasion of GC cells. An in-depth understanding of the
functional aspects of CNTN1 and the full mechanisms
underlying CNTN1-induced invasion that result in a
potentially applicable treatment for patients with GC is
urgently needed. In conclusion, CNTN1 may be useful
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TOPIC HIGHLIGHT
2015 Advances in Gastric Cancer

Role of cancer-associated fibroblasts in invasion and
metastasis of gastric cancer
Yu Yan, Li-Feng Wang, Rui-Fen Wang
CAFs play critical roles in tumor invasion and metastasis

Yu Yan, Li-Feng Wang, Rui-Fen Wang, Department of
Pathology, Xin Hua Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine, Shanghai 200092, China

via a series of functions including extracellular matrix

deposition, angiogenesis, metabolism reprogramming
and chemoresistance. However, the mechanism of
the interaction between gastric cancer cells and CAFs
remains largely unknown. MicroRNAs (miRNAs) are
a class of non-coding small RNA molecules, and their
expression in CAFs not only regulates the expression
of a number of target genes but also plays an essential
role in the communication between tumor cells and
CAFs. In this review, we provide an overview of
recent studies on CAF miRNAs in GC and the relevant
signaling pathways in gastrointestinal tumors. Focusing
the attention on these signaling pathways may help
us better understand their role in tumor invasion and
metastasis and identify new molecular targets for
therapeutic strategies.
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Core tip: gastric cancer (GC) is one of the most
common cancers worldwide. GC usually metastasizes to
distant organs in advanced stages. Cancer-associated
fibroblasts (CAFs) play an important role in GC invasion
and metastasis. Therefore, a better understanding of
the special interaction between GC cells and CAFs may
be useful for identifying the underlying mechanisms of
tumor progression.
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Abstract
Cancer-associated fibroblasts (CAFs) are important
components of various types of tumors, including gastric
cancer (GC). During tumorigenesis and progression,
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during the epithelial mesenchymal transition (EMT) via
tumor-associated endothelial cells, which delaminate
from blood vessels to generate mesenchymal cells with
[6]
multiple-differentiation potential . Moreover, increased
levels of TGF-β in the microenvironment can induce
resident tissue fibroblasts to acquire a CAF phenotype,
which is associated with the up-regulation of α-SMA
[7,13]
and the down-regulation of CD34
. Our previous
study demonstrated that fibroblasts from the gastric
cancer invasive front (interface zone fibroblasts, INFs)
[14]
have a strongly positive FAP expression .
In general, the CAF phenotype is distinct from
normal fibroblasts (NFs). CAFs can overexpress a wide
range of factors, such as cytokines, growth factors
and chemokines (MMPs, TGF-β, MCT4, VEGF, HGF,
IL-22) that are critical to induce the deposition of ECM,
promote angiogenesis and EMT, regulate metabolic
reprogramming, and enhance proliferation and che
[11,15,16]
motherapy resistance
. These CAF functions play
important roles in cancer progression and promote
tumor cell invasion and metastasis.

INTRODUCTION
Gastric cancer (GC) is the fourth most common
cancer and the second leading cause of cancer deaths
[1]
worldwide . More than 70% of GC cases occur in Asia,
[2]
of which half are in China . Although a recent study
has reported that the death and adverse event rates
[3]
for GC patients under surgical care have decreased ,
the morbidity of GC remains high in Asia, and it is
the third most common cancer after breast and lung
[4]
cancers .
Patients with precancerous lesions and early
GC typically have no obvious symptoms. Many GC
individuals are diagnosed at an advanced stage. Due
to a lack of appropriate diagnostic biomarkers and
personalized anti-cancer treatment, the survival rate of
[2]
GC patients is poor . In advanced stages of GC, tumor
cells have invaded into the blood or lymphatic vessels
and metastasized to distant organs. Multiple steps
and factors are involved in the progression towards
advanced stages of GC. One of the most crucial factors
is the bidirectional interaction between tumor cells and
[5]
their microenvironment .
It is well recognized that the tumor microenviron
ment (TME) plays an important role in tumor pro
gression. The TME is a complex tissue environment,
composed of the extracellular matrix (ECM) and various
types of stromal cells, such as cancer-associated
fibroblasts (CAFs), macrophages, inflammatory cells,
[6]
and mesenchymal stem cells . All of these factors,
but especially CAFs, make tremendous contributions
to tumor growth and metastasis. In this review, we
elaborate some novel and valuable results of recent
studies regarding CAFs in GC and also highlight
possible research directions for future studies.

Recent studies of CAFs InVOLVED
IN GC invasion and metastasis
MicroRNAs (miRNAs) are a class of non-coding small
RNA molecules that play a key role in regulating the
expression of target genes at the post-transcriptional
[17]
level . In recent decades, miRNAs have become
a topic of interest in oncology. Many studies have
suggested that miRNAs affect tumor growth, invasion
and metastasis. Some miRNAs have been reported as
novel diagnostic biomarkers and as new therapeutic
targets for tumors such as gastric cancer, breast cancer
[18,19]
and others
. Many studies have demonstrated
that miRNAs, such as miR-20b, miR-20a, miR-17,
and miR-382, are expressed by tumor cells in various
[20,21]
types of tumors
. Recently, miRNAs related to CAFs
have aroused increased attention. Several reports
have shown that miRNAs also play critical roles in
the CAFs of various human cancers. miRNAs can not
only orchestrate the expression of target genes, but
also promote tumor invasion and migration. Next, we
summarize the recent research on the miRNAs in CAFs
that are involved in GC invasion and metastasis (Figure
1) and discuss future prospects.

origin and phenotype of CAFs
CAFs, which are characterized by multiple specific
markers, are most frequently reported to overexpress
α-smooth muscle actin (α-SMA) and fibroblastactivated protein (FAP), whereas caveolin-1 (Cav‑1)
[7-9]
typically shows reduced expression . CAFs have been
extracted from different types of human carcinomas,
[9,10]
including pancreatic and gastric
. CAFs are the most
prominent components of the TME in tumor tissue and
[5]
play an essential role in tumor-stromal interactions .
CAFs are spindle-shaped, blast-like cells, and a
number of reports have stated that they originate from
[11]
cells through a variety of different mechanisms .
Several experimental studies have reported that
mesenchymal stem cells (MSCs) are a significant
[12]
source of CAFs. Zhu et al
found that GC-MSCsprimed neutrophils could induce MSCs to gradually
differentiate into CAFs in vitro. Gu also discovered that
GC cells activate human umbilical cord-derived MSCs
(hucMSCs) and induce them to differentiate into CAFs
[9]
by stimulating TGF-β/Smad signaling . Recent studies
also have demonstrated that CAFs are generated
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miRNA-106b

miRNA-106b is a member of the miRNA-106b~25
cluster that plays oncogenic roles in tumors via
impacting tumor cell proliferation, apoptosis, and the
[22-24]
cell cycle in vitro and tumorigenesis in vivo
. Prasad
[24]
et al
showed that in melanoma cells, miRNA-106b
is markedly up-regulated and acts as an oncogene to
enhance cell proliferation. Exposure of melanoma cells
to grape seed proanthocyanidins (GSPs), an inhibitor
of miRNA-106b, can down-regulate miRNA-106b levels
and inhibit cell proliferation by blocking the cell cycle.
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Figure 1 Roles of miRNAs associated with cancer-associated fibroblasts in gastric cancer. Cancer-associated fibroblasts (CAFs) not only express miRNA106b, 143 and 145 themselves, they also down-regulate the expression of miRNA-200b in gastric cancer cells. All of these miRNAs can induce gastric cancer (GC)
invasion and metastasis through various cascades. (+): Promoting effects; (-): Inhibiting effects; (1) Enhancing the expression of α-SMA in both normal gastric
fibroblasts and CAFs. ZEB: Zinc finger E-box-binding homeobox; PTEN: Phosphatase and tensin homolog deleted on chromosome ten.

In a large-scale analysis, plasma concentration of
miRNA-106b was notably higher in GC patients than in
controls and dramatically decreased in post-operative
[25]
samples compared with pre-operative samples .
In addition, miRNA-106b can also be overexpressed
[19]
in CAFs. Yang et al
showed that miRNA-106b levels
are increased in CAFs compared with NFs established
from patients with GC. A decrease in miRNA-106b
expression in CAFs notably inhibited gastric tumor cell
migration and invasion by increasing the expression
of PTEN.PTEN is regarded as a tumor suppressor
gene that influences the pathogenesis, invasion and
metastasis of carcinomas possibly through modulating
[26]
the balance between apoptosis and proliferation .
Lost or decreased expression of PTEN protein occurs
[27]
commonly in GC tumorigenesis and progression .
Twist is a helix-loop-helix transcription factor that
[28]
includes two twist-like proteins, Twist-1 and Twist-2 .
Accumulating evidence indicates that Twist-1 is a
key regulator in the process of tumor cell invasion
[29]
and metastasis by inducing EMT . In gastric CAFs,
Twist-1 expression is up-regulated, and its expression
[30]
facilitates GC progression and poor clinical outcomes .
[31]
Woo et al
demonstrated that Twist-1 expression
is induced by the IL6/STAT3 axis. Furthermore, the
authors also revealed that Twist-1 is an important
regulator in suppressing the senescence of CAFs and
NFs. Knockdown of Twist-1 gene expression in the
rat choroid plexus epithelial cell line Z310 markedly
[32]
reduced tumor cell proliferation and invasion .
However, it has been reported that miRNA-106b
could down-regulate Twist-1 expression via its direct
interaction with Twist-1 mRNA at the 3′-untranslated
region (3’-UTR) to suppress EMT-associated en
[33]
dometrial tumor cell invasion . This result is in
accordance with miRNA-106b expression in renal cell
carcinoma, where it is over-expressed in tumor tissue
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but significantly lower in the tumors of patients with
[34]
metastasis . Therefore, these results suggest that
miRNA-106b may be a more complex miRNA and have
multiple effects in different types of tumor cells.

miRNA-143 and miRNA-145

It is well known that miRNA-143 serve as a tumor
suppressor. In GC cell lines, miRNA-143 expression
is significantly decreased. Increasing miRNA-143
expression can suppress cancer cell growth and
induce apoptosis by targeting cycloxygenase-2
[35]
(COX-2) . COX-2 and VEGF interact together to
induce local angiogenesis and promote tumorigene
[36]
sis and metastasis . Down-regulation of COX-2
expression can significantly promote apoptosis and
inhibit proliferation, migration and invasion of human
[37]
[38]
gastric cancer cells . Naito et al
also discovered
that DNA methylation might cause the transcriptional
inactivation of miRNA-143 to suppress its expression
in GC cells. Using 5-aza-2-deoxycytidine to treat GC
cell lines can restore miRNA-143 expression and inhibit
cancer cell invasion.
Nevertheless, several studies have suggested
that miRNA-143 plays a dual role in cancer, and its
expression in tumor stromal cells may support tumor
progression. Naito discovered that miRNA-143 is
overexpressed in CAFs derived from diffuse type
GC compared with NFs. The authors found that
miRNA-143 promoted gastric cancer cell invasion
by regulating the expression of collagen type Ⅲ in
[38]
CAFs . Collagen type Ⅲ is an extracellular matrix
protein in the soft tissue tumor that significantly
increases tumor cell migration and invasion in a dose[39]
dependent manner . Collagen Ⅲ and fibronectin
are up-regulated by the TGF-β/Smad pathway in
mesothelial cells. This effect can increase GC cell
adhesion to mesothelial cells and promote GC cell
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[40]

peritoneal metastasis . Transfection of an miRNA-143
inhibitor can down-regulate miRNA-143 expression
significantly, and the induction of collagen type Ⅲ in
[38]
fibroblasts is suppressed .
miRNA-145, another well-known non-coding small
RNA located on chromosome 5, is suggested to be
[41]
co-transcribed with miRNA-143 . These molecules
can work together to target a group of transcription
factors, such as Kruppel-like factor 4(KLF4), myocardin
and ELK-1, to induce differentiation and repress
[42]
proliferation of smooth muscle cells . Similar to
miRNA-143, a low level of miRNA-145 in cancer cells
induces cell proliferation through interacting with
[43]
SENPI . However, miRNA-145 is up-regulated by
TGF-β and mainly localized in stromal fibroblasts but
not in cancer cells. In addition, high expression of
miRNA-145 in activated fibroblasts is viewed as a
potential prognostic factor of diffuse type GC and is
associated with a more advanced tumor stage and
[44]
histological classification .

needed to clarify this question.

SIGNALING PATHWAYS INVOLVED
IN INVASION AND METASTASIS OF
GASTROINTESTINAL TUMORS
There are various factors and steps involved in cancer
progression. Multiple cytokines and intracellular
signaling pathways are involved in each step of tumor
[5]
progression . Extracellular or intracellular factors
induce target gene mutation and abnormal expression
through signaling transduction pathways to influence
tumor initiation and progression. Elucidating these
complicated signaling pathways is essential to
[50]
understanding various biological tumor behaviors .

TGF-β /Smad signaling pathway

It is common knowledge that TGF-β/Smad signaling is
a major signaling pathway in various types of tumor
cells. This signaling pathway is closely related to
the malignant progression of tumors. TGF-β, as the
main regulator of TGF-β/Smad signaling, can induce
nuclear localization and the transcriptional activity of
[51]
Smads when activated . Smad, a complex protein,
[52]
plays essential roles in tumor progression. Liu et al
demonstrated that miRNA-130a/301a/454 share
the same 3’-UTR binding seed sequence, and these
molecules reduce the expression level of Smad4
protein, which directly correlates to the development
of colon cancer.
When TGF-β/Smad signaling is activated, the
downstream factors, such as MMPs, plasminogen
activator inhibitor (PAI)-1 and TGF-β1 itself, are
[53]
largely overexpressed . TGF-β1 is closely related to
tumor invasion and metastasis and can modulate its
downstream transcription factor KLF8 to induce EMT
[54]
in gastric cancer cells . Moreover, KLF8 increases
anti-apoptotic Bcl-2 and decreases pro-apoptotic
Bax and caspase-3 expression in the SEC7901 cell
[55]
line . Treatment of tumor cells with the Chinese
herbs Scutellariabaicalensis and Fritillariacirrhosa
markedly block cancer cell proliferation and invasion
through inhibiting the TGF-β/Smad pathway, which is
accompanied by the down-regulation of the expression
[56]
of Snail, Slug, and MMPs .

miRNA-200b

CAF, a type of complex stroma cell in TME, not only
contributes to cancer cell malignant progression and
metastatic dissemination by expressing miRNAs
themselves, but they can also modulate the expression
of miRNAs in the surrounding tumor cells.
miRNA-200b is a member of microRNA-200 family
that plays a critical role in suppressing tumor invasion
and regulating EMT in some types of human cancer,
[45-47]
such as lung adenocarcinoma and breast cancer
.
Its expression decreased docetaxel chemoresistance of
lung adenocarcinoma cells via directly targeting E2F3.
Attenuated miRNA-200b levels were demonstrated
to be associated with high chemoresistance and poor
[45]
prognosis . Current research suggests that CAFs can
down-regulate the expression of miRNA-200b, which
can up-regulate ZEB expression and down-regulate
CDH1 expression in epithelial cells to induce tumor
[48]
cell invasion and peritoneal dissemination in GC .
ZEB could lead to EMT and tumor metastasis through
the TGF-β-miRNA-200-ZEB network. In hepatocellular
carcinoma (HCC), the lncRNA activated by TGF-β could
increase ZEB1 and ZEB2 expression by binding the
miRNA-200 family, including miRNA-200b. Therefore,
the overexpression of ZEB1/2 induces EMT and
[49]
promotes tumor invasion and metastasis .
Because miRNA-200b has been suggested to play
a pivotal role in tumor progression, most researchers
have focused on miRNA-200b in tumor cell metastasis.
However, there is no information regarding its role in
CAFs. At present, the effect of miRNA-200b in CAFs
is still unclear. It has been reported that miRNA-143
and miRNA-145 have different expression patterns in
tumor cells and CAFs. The expression of miRNA-143
and miRNA-145 is up-regulated in CAFs but downregulated in tumor cells. Whether the miRNA-200b
has a similar behavior is unclear. Further studies are
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RAS/RAF/MEK/ERK signaling pathway

The Ras signaling pathway plays an important role
in human cancers and is now considered a potential
[57]
target for tumor treatment . The activated Ras
stimulates downstream signaling cascades to complete
[58]
the link between the cell surface and the nucleus .
Some experimental data have indicated that K-Ras,
the most frequently mutated Ras isoform, is a key
factor in cell growth, angiogenesis, tumorigenesis
[59]
and progression . A recent study found that YAP1
and K-Ras converged specifically on the transcription
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factor FOS and then coordinately activated the EMT
[60]
program . Moreover, ZNF312b could promote the
transcriptional activation of the K-Ras gene and
accelerate GC cell proliferation by binding ZNF312b
[61]
in the ZNF-binding region of K-Ras promoter .
Therefore, inhibition of K-Ras activation is considered
a significant approach in anticancer research. In colon
cancer, the p38γ inhibitor pirfenidone preferentially
reduced mutated K-Ras protein expression in tumor
tissues and restrained the xenograft growth of K-Ras[62]
dependent colon cancers in nude mice .

regulates the inflammatory response via inhibiting
NF-κB pathway activation and down-regulating the
production of proinflammatory mediators, such
[74]
as IL-1β and iNOS . Gallotannin suppresses the
activity of the NF-κB pathway through the inhibition
of IĸBα phosphorylation and degradation, which
is accompanied with the low expression of NF-κBregulated inflammatory cytokines (IL-8, TNF-α, IL-1α)
[75]
and cell cycle arrest in HT-29 and HCT-166 cell lines .

most important signaling
pathway involved in CAFs in
cancer

JAK/STAT signaling pathway

The JAK/STAT signaling pathway conveys information
from the membrane to the nucleus to orchestrate
[63]
target gene expression . Cytokines bind to a specific
receptor on the cell surface and recruit JAKs. The JAK
molecules are recruited and activated by cytokine
receptors, leading to the phosphorylation of the
downstream STAT proteins. Once STAT proteins are
activated, they dissociate from the receptor and rapidly
translocate from the cytoplasm into the nucleus. Then,
phosphorylated STAT proteins increase or decrease the
expression of target genes through recognizing and
[64,65]
binding to specific DNA sequences
.
Accumulating evidence has indicated that numerous
cytokines are involved in the JAK/STAT signaling
[12,64,66]
pathway, such as IL-3, IL-6, IL-21, and IL-22
.
Their receptors are divided into four primary families:
the IL-2R family; the IL-3R family; the IL-6R family;
[64]
and the INF-R family . IL-6 and IL-22 activate
STAT3 and contribute to colorectal cancer cell (CRC)
proliferation and growth. Anti-IL-6 reduces p-STAT3
Y705 expression and leads to the growth inhibition of
[67]
CRC cells . Furthermore, IL-6 might promote tumor
cell genetic alteration through interfering hMSH3
[68]
nuclear localization and DNA repair .

The critical signaling pathways in gastrointestinal
tumors have been reported. However, what is the
most important signaling pathway involved in CAFs in
GC? Recently, hypoxia signaling has been extensively
reported.
Hypoxia is a universal phenomenon in solid tumors
compared with normal tissues, as well as gastro
[76]
intestinal cancers . Hypoxia not only leads to the
expression of multiple target genes but also participates
in various signaling pathways. Under hypoxic conditions,
HIF-1α activates the EGFR/STAT and TGF-β/Smad
signaling pathways and increases the levels of their
downstream targets, and this effect enhances cell
[77]
proliferation and promotes EMT . Therefore, hypoxia
signaling has been universally acknowledged as a
noteworthy pathway in tumorigenesis and progression.
The foremost hypoxia-responsive protein is hypoxia[76,78]
inducible factor (HIF)
. HIF is a heterodimer
consisting of an oxygen-sensitive α-subunit (HIF-1α,
HIF-2α or HIF-3α) and a constitutively expressed
[78,79]
. In normoxia, HIF-1α is ubiquitylated and
β-subunit
degraded by interaction with prolyl hydroxylases (PHDs)
and the tumor suppressor von Hippel-Lindau (VHL)
protein. However, this process is suppressed in hypoxia,
[80]
resulting in HIF-1α accumulation . In most tumor
types, such as pancreatic cancer and nasopharyngeal
cancer, HIF-1α overexpression reduces overall survival
[81,82]
and results in a poor patient prognosis
. In addition,
HIF-1α-positive expression could be a useful prognostic
[83]
marker for GC .
A growing body of evidence has suggested that
the hypoxia signaling pathway plays a critical role in
tumorigenesis through inducing EMT, angiogenesis,
energy metabolism and chemotherapy resistance.
Survivin is an inhibitor of apoptosis protein family
that is scarcely expressed in normal tissues but is
overexpressed in most human cancers. HIF-1α can
up-regulate survivin levels, which will cause cisplatin
[84]
resistance in GC cells . In addition, HIF-1α induces
chemoresistance by activating the MDR1 gene. MDR1
is a tumor promoter gene that encodes for P-gp,
which can reduce the intracellular concentration of
[55,85]
chemotherapeutic drugs
.

NF-κ B signaling pathway

The NF-κB transcription factor is a heterodimeric
protein, which was first identified based on its interaction
with the immunoglobulin light-chain enhancer in B
[69]
cells . In recent years, NF-κB has been considered
a key link between inflammation and cancer. NF-κB
activation is mainly driven by inflammatory cytokines
within the TME, such as IL-6 and TNF-α, or survival
[70]
genes, such as Bcl-X (L) . Moreover, NF-κB cooperates
with the JAK/STAT pathway to promote tumor
proliferation and progression via controlling distinct or
[69,71]
overlapping groups of downstream genes
.
NF-κB is a significant transcription factor in the
regulation of MMP expression. In HCC, IL-17A induced
MMP2 and MMP9 expression to promote tumor
[72]
invasion and metastasis via NF-κB activation .
NF-κB also induces EMT in mammary epithelium via
[73]
ROS activation . Inhibiting the NF-κB pathway can
restrain tumor growth and the expression of relevant
inflammatory cytokines. miRNA-181c negatively
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With tumor progression, the tumor gradually
exhibits a hypoxic and under-nourished niche. To
sustain growth, the formation of a large number of
new blood vessels plays a pivotal role in providing
sufficient nutrients and oxygen concentration for tumor
cells. However, a high density of blood vessel is related
[86]
to tumor metastasis .
Under hypoxic conditions, CAFs increase the
expression levels of genes related to angiogenesis,
[87,88]
such as VEGF and angiopoietin
. VEGF is the most
important factor to induce tumor vessel formation,
[89]
and VEGF overexpression promotes tumor growth .
Down-regulated expression of HIF-1α and VEGF can
suppress tumor angiogenesis. A member of p53 family,
Tap73, is a tumor suppressor that decreases HIF-1
activity via promoting HIF-1α polyubiquitination and
consequent proteasomal degradation in an oxygenindependent manner. Consequently, the expression
of HIF-1α downstream factors, such as VAGF-A and
[90]
VAGF-R2, is decreased . In contrast, human rhomboid
family-1 (RHBDF1) can protect HIF-1α protein stability
and activity by diminishing RACK1-HIF-1α interaction,
thus decreasing HIF-1α proteasomal degradation and
[91]
shifting HIF-1α protein binding to HSP90 .
Furthermore, recent evidence has also suggested
that hypoxia is a key regulatory factor of energy
[16]
metabolic reprogramming of CAFs . HIF-1α induces
CAFs to up-regulate the expression of monocarboxylate
transporter-4 (MCT4) and reduces Cav‑1 expression,
releasing a mass of energy metabolites (such as
[16,92]
L-lactate and ketones) to “feed” the tumor cells
.
Subsequently, the tumor cells use the energy me
tabolites via mitochondrial tricarboxylic acid (TCA) cycle
and oxidative phosphorylation (OXPHOS), thereby
producing efficient adenosine triphosphate (ATP)
production and facilitating tumor growth, invasion and
[16,93]
metastasis
.
From the above, we can observe that hypoxia
signaling is a fatal pathway both in tumor cells and
CAFs. It appears reasonable that the relevant genes
of the hypoxia signaling pathway, such as HIF-1α,
may be therapeutic targets for cancer. Therefore, it is
strongly suggested that hypoxia signaling may serve
as the most important pathway in CAFs and will be a
potential cancer therapeutic target.

topic of interest and an important therapeutic target
in GC. Certain VEGF pathway target agents are used
[96]
in preclinical and clinical treatment of GC . For
example, ramucirumab, a new monoclonal antibody
VEGFR-2 antagonist, was shown to prolong survival in
patients with advanced GC in a phase Ⅲ clinicaltrial. In
a phase 3 study, 355 patients were assigned to receive
ramucirumab (n = 238) or placebo (n = 117).The
median overall survival was 5.2 mo (IQR: 2.3-9.9) in
patients in the ramucirumab group and higher than 3.8
mo (1.7-7.1) in those in the placebo group. However,
the rate of hypertension in the ramucirumab group
was higher than in the placebo group [38 (16%) vs 9
[97]
(8%)] .
Recent clinical trials with conventional chemo
therapeutic agents have shown encouraging results
in GC. However, chemoresistance is a main obstacle
for GC treatment with the wide application of
chemotherapy agents. 5-Fluorouracil (5-Fu) is one of
the most common antineoplastic agents for GC. This
drug can lead to cell damage and death by influencing
[98]
mRNA translation and DNA synthesis . Current
research has found that 5-Fu induces residual cells to
+
+
+
differentiate into CD133 , CD326 and CD44 CD24
subpopulation, which is associated with properties of
cancer stem cells and chemoresistance. Furthermore,
5-Fu-resistant cells have enhanced BMI1 expression,
which correlates with decreased recurrence-free
[99]
survival compared with BMI1-negative GC patients .
The interaction between tumor cells and their
microenvironment is regarded as a key factor in tumor
invasion and metastasis. CAFs, one of the foremost
components of TME, exist in all types of human cancer.
Compared with tumor cells, the genotypes of CAFs are
stabilized. This characteristic of CAFs may make them
effective treatment targets in antitumor therapy.
For example, several FAP-related drugs have been
discovered in tumor therapy by targeting CAFs, such
[15]
as FAP activity inhibitors and anti-FAP antibodies . In
tumor-bearing mice that were vaccinated against FAP,
[100]
tumor growth is significantly retarded . Furthermore,
[101]
Ohshio et al
demonstrated that inhibition of CAF
function improved the antitumor immune responses
in tumor tissues of tumor-bearing mouse models.
The populations of the suppressor immune cells
+
+
+
+
+
CD4 CD25 Foxp3 Tregs and CD11b Gr-1 MDSCs are
decreased in the anti-CAF therapy group compared
with those in controls. Furthermore, the levels of
SDF-1, PEG2 and TGF-β1 expression in tumor tissues
were also dramatically reduced. However, tumor
growth suppression was not observed. This result
implies that the antitumor effects are complicated in
CAF-targeted techniques.

New therapeutic view of GC
Previous studies have shown that adriamycin induces
[94]
chemoresistance and increases tumor cell invasion .
Pantoprazole, a proton pump inhibitor, suppresses
adriamycin-resistant GC cell invasion via inhibiting the
induction of EMT and the activation of the canonical
Wnt/β-catenin signaling pathway in SGC7901/ADR
[95]
cells .
Tumor vascularization indicates that nutrition has
been reestablished. Therefore, inhibiting the formation
of tumor blood vessels is an effective method to treat
tumors. In recent years, VEGF has become a research
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CONCLUSION
In this review, we describe the role of CAFs and the
relevant signaling pathways in gastric carcinoma.
Various cytokines, growth factors and chemokines
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secreted by CAFs constitute a favorable environment
that can induce tumor growth, invasion and metastasis.
At present, miRNA- and signaling pathway-related
studies are becoming hotspots in the oncology field.
However, our current understanding of these factors
in CAFs is limited. The function of miRNAs is still
controversial. Therefore, it is necessary to develop
several specific animal models focusing on the me
chanisms of miRNAs and signaling pathways in CAFs
in further research. Looking forward, perhaps some
specific targets will be identified in our future studies
by the accumulating successful research. Inhibition of
these targets in CAFs will provide a new therapeutic
direction for tumor treatment.
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Abstract
AIM: To confirm the anti-invasion and anti-migration
effects of down-regulation of Notch1 combined with
interleukin (IL)-24 in hepatocellular carcinoma (HCC)
cells.
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METHODS: γ-secretase inhibitors (GSIs) were used
to down-regulate Notch1. HepG2 and SMMC7721 cells
were seeded in 96-well plates and treated with GSI-I
or/and IL-24 for 48 h. Cell viability was measured
by MTT assay. The cellular and nuclear morphology
was observed under a fluorescence microscope. To
further verify the apoptotic phenotype, cell cultures
were also analyzed by flow cytometry with Annexin
V-FITC/propidium iodide staining. The expression of
Notch1, SNAIL1, SNAIL2, E-cadherin, IL-24, XIAP and
VEGF was detected by Western blot. The invasion and
migration capacities of HCC cells were detected by
wound healing assays. Notch1 and Snail were downregulated by RNA interference, and the target proteins
were analyzed by Western blot. To investigate the
mechanism of apoptosis, we analyzed HepG2 cells
treated with siNotch1 or siCON plus IL-24 or not for 48
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h by caspase-3/7 activity luminescent assay.

INTRODUCTION

RESULTS: GSI-I at a dose of 2.5 μmol/L for 24 h
caused a reduction in cell viability of about 38%
in HepG2 cells. The addition of 50 ng/ml IL-24 in
combination with 1 or 2.5 μmol/L GSI-I reduced cell
viability of about 30% and 15%, respectively. Treatment
with IL-24 alone did not induce any cytotoxic effect.
In SMMC7721 cells with the addition of IL-24 to GSI-I
(2.5 μmol/L), the reduction of cell viability was only
about 25%. Following GSI-I/IL-24 combined treatment
for 6 h, the apoptotic rate of HepG2 cells was 47.2%,
while no significant effect was observed in cells treated
with the compounds employed separately. Decreased
expression of Notch1 and its associated proteins
SNAIL1 and SNAIL2 was detected in HepG2 cells.
Increased E-cadherin protein expression was noted
in the presence of IL-24 and GSI-I. Furthermore, the
increased GSI-I and IL-24 in HepG2 cell was associated
with downregulation of MMP-2, XIAP and VEGF. In
the absence of treatment, HepG2 cells could migrate
into the scratched space in 24 h. With IL-24 or GSI-I
treatment, the wound was still open after 24 h. And the
distance of the wound closure strongly correlated with
the concentrations of IL-24 and GSI-I. Treatment of
Notch-1 silenced HepG2 cells with 50 ng/ml IL-24 alone
for 48 h induced cytotoxic effects very similar to those
observed in non-silenced cells treated with GSI-I/IL-24
combination. Caspase-3/7 activity was increased in the
presence of siNotch1 plus IL-24 treatment.

hepatocellular carcinoma (HCC) is one of the most
[1]
common cancers worldwide and approximately
[2]
half of these cases occurred in China . Despite the
development of various therapies, the outcome for
HCC patients is still poor. The major reason is that
HCC often relapses due to intrahepatic and distant
metastases after curative surgical resection or
[3]
transplantation . Thus, the discovery and research of
new molecular targets of blocking metastasis are the
primary goal for HCC therapy.
Notch signaling is not only involved in the regulation
of cell proliferation and differentiation but also plays
[4]
an important role in cancer . The Notch signaling
pathway includes Notch ligands, negative and positive
regulators, and transcription factors. The mRNA and
protein expression of Notch1, which is one of the Notch
signaling pathway receptors, is significantly higher
in HCC than in adjacent non-tumor liver tissue in the
previous report. Deregulated Notch receptor expression
[5]
in human HCC was reported by Gao et al . Snail, which
is one of the zinc-finger transcription factors, has the
function of repressing the transcription of the E-cadherin
gene through binding to the E-boxes of the CDH1
[6]
promoter . The up-regulation of Snail is also correlated
with metastasis and poor prognosis, whereas decrease
of Snail is critical for reducing growth and invasiveness
[7,8]
of cancer . Many studies have shown that E-cadherin
is a cell-cell adhesion protein fulfilling a prominent
role in epithelial differentiation, which is relevant to
metastasis, tumor invasion, motility, and unfavorable
[9-11]
prognosis
. E-cadherin expression is beneficial
for intraepithelial expansion and invasiveness in a
variety of solid tumors, as well as for the intrahepatic
[12-15]
metastasis of HCC
. In the MHCC97L (HCC cell
lines), abnormal Notch1 expression has been shown
to be strongly associated with HCC metastasis, which
may be regulated through the Notch1/Snail1/E-cadherin
[16]
pathway .
Melanoma differentiation associated gene-7 (MDA-7)/
interleukin-24 (IL-24) is a member of the IL-10 family,
and previous reports have showed that overexpression
of MDA-7/IL-24 causes tumor growth suppression and
tumor cell apoptosis in lung cancer, mesotheliomas,
melanoma, breast cancer, osteosarcoma, pancreatic
[17-19]
cancer, glioblastoma, prostate cancer and so on
,
indicating that MDA-7/IL-24 may prove to be a po
tential drug for cancer therapy. MDA-7/IL-24 inhibits
HepG2 and BEL-7402 cell adhesion and invasion by
[20]
increasing the expression of E-cadherin and p-ERK .
Since Notch receptors are activated by γ-secretase,
γ-secretase inhibitors (GSIs) have attracted increasing
[21]
interest . GSIs have been used for the treatment
of Alzheimer’s disease to prevent amyloid precursor
protein cleavage and the consequent release of
[22]
amyloid β-peptide . Recently, it has been reported

CONCLUSION: Down-regulation of Notch1 by GSI-I
or siRNA combined with IL-24 can sensitize apoptosis
and decrease the invasion and migration capabilities of
HepG2 cells.
Key words: Notch signaling pathway; interleukin-24;
γ-secretase inhibitor; Invasion; Migration; hepatocellular
carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The down-regulation of Notch1 by γ-secretase
inhibitor (GSI-I) or siRNA combined with interleukin
(IL)-24, could sensitize apoptosis, increase expression
of E-cadherin and decrease the invasion and migration
capabilities of HepG2 cells. These results indicate
for the first time that GSI-I/IL-24 combination might
represent a novel and potentially effective tool for
hepatocellular carcinoma treatment.
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Flow cytometry analysis

that GSIs also have the ability to induce growth arrest
and/or apoptosis in some tumor cell lines, while other
[23]
tumor cells were resistant to the molecules .
In this study, we found that the IL-24 mediated
apoptosis of HCC cells was sensitized by GSI-I. The
down-regulation of Notch1 by siRNA or GSI-I could
increase the expression of E-cadherin and decrease
the invasion and migration capabilities of HepG2 cells.
These in vitro results indicate, for the first time, that
GSI-I/IL-24 combination might be used as a novel and
potentially effective tool for HCC treatment.

To further verify the apoptotic phenotype, cell cultures
were also analyzed with an Annexin V-FITC/propidium
iodide (PI) kit (Roche, Manheim, Germany), according
to the manufacturer’s instructions. Annexin-V immunocytofluorescence was detected by flow cytometry. After
various treatments, cells were collected and centrifuged.
The cell pellet was washed in PBS and centrifuged
again. The pellet was resuspended in Annexin-V and
PI according to the manufacturer’s protocol. Cells were
analyzed on a Beckman flow cytometer (Beckman
Coulter, Brea, CA, United States).

MATERIALS AND METHODS

Protein extraction and Western blot analysis

Cell culture and reagents

2

The human HCC cell lines (HepG2 and SMMC-7721
were obtained from the Cell Bank of Type Culture
Collection of Chinese Academy of Sciences) were
cultivated in DMEM medium supplemented with 10%
FCS (fetal calf serum, Hyclone laboratories, Logan,
UT, United States). All experiments were carried out
using a confluent monolayer of HCC cell cultures. Cells
were maintained at 37 ℃ in a humidified atmosphere
containing 5% CO2. The primary antibodies for Notch1
(120 kDa), E-cadherin (120 kDa), SNAIL1 (29 kDa),
SNAIL2 (29 kDa), MMP-2 (74 kDa), XIAP (55 kDa),
VEGF (31 kDa) and GAPDH (37 kDa) were purchased
from Santa Cruz Biotechnology (SantaCruz, CA, United
States). All secondary antibodies were obtained from
Pierce (Rockford, IL, United States). Small interfering
RNA (siRNA) targeting Notch1 and control siRNA
(siCON) were obtained from Santa Cruz Biotechnology.
TM
Lipofectin 2000 was purchased from Life Technologies
(Carlsbad, CA, United States). All other chemicals and
solutions were purchased from Sigma-Aldrich unless
otherwise indicated.

Cells were plated in 100-mm tissue culture dishes
at 60% confluence and incubated overnight. After
treatment, cell lysates were obtained using cold
radioimmunoprecipitation assay buffer [RIPA buffer
contain: 20 mmol/L Tris-HCl (pH 8.0), 100 mmol/L
NaCl, 10% glycerol, 1% NP-40, and 0.5% sodium
deoxycholate]. Proteins (20 mg) were separated on
precasted Bis-Tris NuPAGE gels (Bio-Rad, Hercules,
CA, United States), electroblotted to polyvinylidene
difluoride membranes (Millipore) and then blocked for 1
h at room temperature in TBS-T [50 mmol/L Tris-HCl (pH
7.5), 150 mmol/L NaCl, and 0.1% Tween 20] containing
5% nonfat milk. Membranes were then incubated
overnight at 4 ℃ or for 1 h at room temperature with
the indicated primary antibodies: Notch1 (1:1000),
SNAIL1 (1:500), SNAIL2 (1:1,000), E-cadherin
(1:1000), IL-24 (1:1000), XIAP (1:500), VEGF
(1:1000) and GAPDH (1:5000). Anti-mouse or antirabbit secondary antibody conjugated to horseradish
peroxidase (HRP) was used to visualize the stained
bands with an ECL (enhanced chemiluminescence,
Santa Cruz, CA, United States) kit.

Cell viability assay

Wound healing assay

HepG2 cells were seeded in 6-well plates and cultured
until confluence. A wound was then created by manually
scraping the cell monolayer with a 200-microliter pipette
tip. The cultures were washed twice with serum free
medium to remove floating cells. The cells were then
incubated in DMEM supplemented with 1% FBS. Cell
migration into the wound was observed at 12 h in eight
randomly selected microscopic fields for each condition
and time point. Images were acquired with a Nikon DS5M Camera System mounted on a phase-contrast Leitz
microscope.

HepG2 and SMMC7721 cells were seeded in 96-well
plates and treated with GSI-I or/and IL-24 for 48 h,
separately. Then, 10 μL of 3-(4,5-dimethylthiazolyl-2)
2,5-diphenyltetrazolium bromide (MTT, 5 mg/mL,
Sigma-Aldrich) was added to each well and incubated
for 4 h at 37 ℃. The formazan granules were dis
solved in 150 μL dimethyl sulfoxide (DMSO) for 10
min. Optical density (OD) was then measured at a
wavelength of 490 nm. Each MTT assay was performed
in quadruplicate and repeated three times.

Cellular and nuclear morphology analysis

Transient protein downregulation by short interfering
RNA

In order to observe the presence of condensed chromatin
and apoptotic bodies, cells were stained with Hoechst
33258 dye. Cells seeded in 96-well plates were fixed in 3:1
methanol/acetic acid for 10 min at room temperature,
washed in PBS (phosphate buffered saline) and stained
for 30 min in PBS with 40% paraformaldehyde and 10
μg/ml Hoechst 33258. After washing in PBS for several
times, nuclear morphology was observed under a
fluorescence microscope (Zeiss, Germany).

WJG|www.wjgnet.com

Scrambled (siCON) and specific siRNAs targeting
Notch1 were obtained from Santa Cruz Biotechnology.
Transfection of HepG2 cells was performed using the
Amaxa system (Amaxa, Cologne, Germany) following
6
their specifications. Firstly, 10 cells in 100 μL of medium
was mixed with 3 μg siRNA and then transferred to an
Amaxa-certified cuvette. For transfection, we used the
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Figure 1 γ-secretase inhibitor-I/interleukin-24 combined treatment induces apoptotic cell death in hepatocellular carcinoma cells. A: Cytotoxic effects
exerted on SMMC7721 cells by γ-secretase inhibitor-I (GSI-I) employed alone or in combination with recombinant interleukin (IL)-24. After treatment for 24 h cell
viability was evaluated by MTT assay as reported in Materials and Methods; B: Cytotoxic effects exerted on HepG2 cells by GSI-I employed alone or in combination
with recombinant IL-24. After treatment for 24 h cell viability was evaluated by MTT assay as reported in Materials and Methods. The data represent mean ± SD; aP <
0.05 vs control cells.

program V-01. Transfection efficiency was between
75% and 85% (data not shown), as checked by flow
cytometry, using a fluorescein-labeled non-targeted
siRNA control (Cell Signaling). After 4 h cells were
treated with IL-24 as indicated. Cells were examined for
gene downregulation and other properties 48 h after
transfection.

combination, the dose-response curves of the effects
exerted by the compounds on cell viability are showed
in Figure 1A. GSI-I at doses of 0-1 μmol/L for 24 h was
almost ineffective in the cell lines. GSI-I at a dose of 2.5
μmol/L caused a remarkable reduction in cell viability
of about 38% in HepG2 cells. The addition of IL-24 (at
a concentration of 50 ng/ml) clearly potentiated the
effects of GSI-I on HepG2 cells. IL-24 in combination
with GSI-I (1 or 2.5 μmol/L) reduced cell viability of
about 30% and 15%, respectively. However, treatment
of cells with IL-24 alone did not induce any cytotoxic
effect in the HCC cell lines. The addition of IL-24 to
GSI-I treated SMMC7721 cells induced modest effects
and the reduction of cell viability was only about 25%.
We next examined the effects of the two compounds
IL-24 and GSI-I on cell morphology by means of light
microscopy. As shown in Figure 2A (top panel), after
treatment with the GSI-I/IL-24 combination for 24 h
cells appeared rounded, fragmented and floated in
the culture medium, while the two drugs, employed
separately, did not induce any significant remarkable
effect (Figure 2A). In the same experimental conditions,
the nuclei stained with Hoechst 33258 and the
fluorescence microscopy analysis of nuclei stained with
Hoechst 33258 evidenced a significant increase in the
number of cells with condensed and fragmented nuclei,
which is a typical apoptotic feature (Figure 2A).
We analyzed the externalisation of phosphatidylserine
on cell plasma membranes by Annexin V/PI staining to
quantify early apoptotic effects. Following GSI-I/IL-24
combined treatment for 6 h, 47.2% of HepG2 cells were
Annexin V positive/PI negative, while no significant
effect was detected in cells treated with the compounds
employed separately (Figure 2B).

Viability and caspase-3/7 assays

The caspase-3/7 activity was detected with the ApoOne Homogeneous caspase-3/7 assay kit (Promega
Corporation, Madison, WI). Briefly, cells were seeded
4
into 96-well plates at a density of 2 x 10 cells/well,
incubated overnight and subsequently treated with
siCON, siNotch1 with or without IL-24. For the caspase
assay, the substrate was added after treatment for 48
h (as indicated in the text) and plates were read 2 h
later using a Tecan Plate Reader (Tecan, Group. Ltd.,
Switzerland). All treatments were done in triplicate.
Background absorbance was determined by the
incubating media with substrate alone or subtracting
the values from wells containing cells.

Statistical analysis

Each experiment was repeated at least three times.
All the experimental data are presented as mean ±
SD. The differences among means were statistically
analyzed by a t-test. All statistical analyses were
performed using SPSS13.0 software (Chicago, IL,
United States). P < 0.05 was considered statistically
significant.

RESULTS
Effects of GSI-I/IL-24 combined treatment in SMMC7721
and HepG2 cells

GSI-I sensitizes HepG2 cells to IL-24-induced apoptosis
by inhibition of Notch1-mediated epithelial-mesenchymal
transition phenotype

The antiproliferative effects of GSI-I in combination
with IL-24 were first examined in two hepatocellular
carcinoma cell lines. Using as a single agent or in

WJG|www.wjgnet.com
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Figure 2 γ-secretase inhibitor-I/interleukin-24 combined treatment induces apoptotic cell death in hepatocellular carcinoma cells. A: Apoptotic effects
induced by treatment of HepG2 cells with GSI-I and/or IL-24 for 24 h. Apoptotic morphology was evaluated by staining of the cells with Hoechst 33258 (magnification
× 200); B: Annexin V positive cells were quantified by flow cytometric analysis after double staining of cells with Annexin V and propidium iodide at 6 h of treatment.
Results are representative of three independent experiments. GSI-I: γ-secretase inhibitor-I; IL: Interleukin.
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Figure 3 Cytotoxic effects of interleukin-24 and γ-secretase inhibitor-I assessed by Western blot analysis. A, B: HepG2 cells were treated for 48 h in the
presence of GSI-I and/or IL-24. The levels of the proteins were determined by Western blot analysis using specific antibodies as indicated. GAPDH blots were included
to show equal protein loading for all of the samples. Results are representative of three independent experiments. GSI-I: γ-secretase inhibitor-I; IL: Interleukin.

increased GSI-I and IL-24 in HepG2 cancer cells were
associated with downregulation of MMP-2, XIAP and
VEGF (Figure 3B).

metastasis as previously reported, we further in
vestigated the link between Notch1 expression and
the epithelial-mesenchymal transition (EMT) in HCC
cells. HepG2 cell line was used for a comparison of the
target protein expression profile of Notch1- and EMTrelated genes. Decreased expression of Notch1 and its
associated proteins SNAIL1 and SNAIL2 was detected
in metastatic HCC cells. Increased E-cadherin protein
expression was noted in the presence of IL-24 and
GSI-I (Figure 3A). Loss of E-cadherin expression is a
remarkable feature of EMT. As we all know, the level
of E-cadherin is inversely associated with the tumor
stage. Programmed cell death can be regulated by
certain factors with either pro- or anti-apoptotic action
in human cells. The upregulation of the former and/or
the downregulation of the latter can be considered as
[24]
important events to induce cell apoptosis . To this
purpose, we examined the expression levels of MMP-2
and IAP family members in HepG2 cells treated with
GSI-I and/or IL-24. Furthermore, we proved that

WJG|www.wjgnet.com

Inhibition of HCC cell invasion by GSI-I/IL-24

Wound healing assay is widely used to analyze
cell proliferations and cell migration. As previously
reported, for HepG2 cells, the cell invasion has a
great corresponding relationship with cell migration
and wound healing assay. The invasion properties of
cancer cells were detected by the wound closure in
these assays. In our study HepG2 cells were treated
with IL-24 and/or GSI-I, and the wound closure was
analyzed by microscopy. In the absence of treatment,
HepG2 cells could migrate into the scratched space in
24 h (Figure 4A). With the treatment of IL-24 or GSI-I,
the wound was still open after 24 h, indicating that
IL-24 or GSI-I has the ability of inhibiting the HepG2
cell migration or invasion (Figure 4B and C). To further
confirm the inhibition effectiveness, we loaded the cells
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A

B

C

D

Figure 4 Wound healing in HepG2 cells treated with γ-secretase inhibitor-I and/or interleukin-24. Representative wounds after scratch wounding and after
healing were recorded with a microscope (A-D). A: Control HepG2 cells; B: HepG2 cells treated with GSI-I; C: HepG2 cells treated with IL-24; D: HepG2 cells treated
with GSI-I and IL-24. GSI-I: γ-secretase inhibitor-I; IL: Interleukin.
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Figure 5 RNA interfering against Notch-1 in combination with interleukin-24 treatment in HepG2 cells. HepG2 cells were transfected for 48 h with siNotch-1 or
siScr. Cells were treated with IL-24 for 48 h. A: Western blot analysis of the levels of Notch-1, MMP-2 and PARP was performed after siCON or siNotch1 treatment as
reported in Materials and Methods; B: Caspase 3/7 activity was estimated by luminescent assay. aP < 0.05 vs siCON in HepG2 cells.

with IL-24 and GSI-I. The distance of the wound closure
significantly correlated with the concentrations of IL-24
and GSI-I (Figure 4).

of Notch-4. After confirming the downregulation of
Notch-1 level (Figure 5A, upper panel), we analyzed
the biological effect of IL-24 addition on HepG2 cell
viability. MMP-2 and poly (ADP)-ribose polymerase
(PARP) proteins are the key proteins in detecting cell
apoptosis. Figure 5A demonstrated that treatment of
Notch-1 silenced HepG2 cells with 50 ng/ml IL-24 alone
for 48 h induced cytotoxic effects quite similar to those
observed in non-silenced cells treated with GSI-I/IL-24
combination.
To investigate the mechanism of apoptosis, we
analyzed HepG2 cells treated with siNotch1 or siCON
plus IL-24 or not for 48 h by caspase-3/7 activity

Notch signaling knockdown promotes IL-24-induced
apoptosis

It has been showed that GSIs can act through different
biochemical pathways, and we next investigated
whether the effects induced by GSI-I/IL-24 combination
were related to the specific inhibition of Notch signaling
caused by GSI-I. We downregulated the Notch gene
and evaluated the biological effects of IL-24 addition.
Notch-1, as demonstrated by the authors, is upstream
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analysis. Caspase-3/7 activity was increased in the
addition of siNotch1 plus IL-24 treatment, indicating
that siNotch1 plus IL-24 could sensitize HCC cells to the
cytotoxic agents (Figure 5B)

deploys a mechanism that acts in synergy to control
the expression of SNAIL1 and SNAIL2, two critical
regulators of EMT. Data of our study indicate that
in HepG2 cells, besides the effects on SNAIL1 and
SNAIL2, treatment with GSI-I/IL-24 combination also
induced a clear upregulation of E-cadherin expression,
which can be considered a key factor in cell growth and
survival, together with that of MMP-2 factor. Moreover,
some members of the tumor blood vessels related
factors, such as XIAP and VEGF, are also downregulated
following combined treatment with the two compounds
(Figure 3).
The core role of Notch in HepG2 death pathway
induced by GSI-I/IL-24 combination was also con
firmed by Notch silencing experiments. In siNotch
treated cells, we observed a decrease in the levels
of both MMP-2 and PARP similar to that observed
after GSI-I/IL-24 treatment (Figure 5A). Moreover, in
siNotch silenced cells treated with IL-24 alone we also
detected the Caspase 3/7 activity which is similar to
that obtained after GSI-I/IL-24 combined treatment
(Figure 5B). Overall, data reported seem to indicate
that the synergistic effects induced by siNotch1/IL-24
combination are a specific consequence of GSI-I action
on γ-secretase activity.
In conclusion, we found that the down-regulation
of Notch1 by GSI-I or siRNA combined with IL-24
can sensitize apoptosis and increase expression of
E-cadherin and decrease the invasion and migration
capabilities of HepG2 cells. Taken together, these
results demonstrated that GSI-I/IL-24 combination
might represent a novel and potentially effective tool
for HCC treatment for the first time.

DISCUSSION
We previously reported that LIGHT protein inhibited
the proliferation and induced the apoptosis of HepG2
[25]
cells significantly . However, little is known about
the mechanism of HCC cell apoptosis. A large number
of studies have showed that Notch signaling plays an
[26-28]
important role in many kinds of malignant tumors
.
Expression and localization of Notch receptors and their
ligands have been observed in the normal human liver
tissue in the previous report, while the deregulated
Notch signaling has been found in malignant liver
[29-31]
tumors
.
This study was to investigate the biological effect of
GSI-I, which is one of the most frequently employed
GSIs. The association of IL-24 and GSIs arose by
the observation that many tumor cells develop IL-24
sensitivity which can be overcome in the presence of
different compounds. Although displaying anticancer
potential, GSIs often show toxic side effects in some
cells. Our data presented in this paper demonstrate a
strong synergistic interaction between GSI-I and IL-24
which effectively reduced HCC cell viability for the first
time. Noteworthy, GSI-I/IL-24 combined treatment
was particularly effective in SMMC7721 and HepG2
cells (Figure 1).
Morphological observations demonstrated that
HepG2 cell death was correlated with the induction
of cell apoptosis; cells were positive for Αnnexin
V/PI staining and the nuclei presented chromatin
condensation (Figure 2A and B). After combined
treatment, the activation of apoptotic pathway was
also confirmed by Western blot.
Many studies indicated that GSI-I could be res
ponsible for sensitization of cells to IL-24-mediated
apoptosis and some of these are related to the activity
of GSI-I, which is the inhibitor of γ-secretase, the main
enzyme responsible for the cleavage and activation
[32]
of Notch receptor and the following target proteins .
Data reported in this paper demonstrated that GSI-I/
IL-24 combined treatment was able to modulate the
expression level of related proteins in HepG2 cells
(Figure 3).
Which GSI-I may sensitize HepG2 cells to apo
ptosis induced by IL-24 seems to be related to the
modulation of pro- and anti-apoptotic factors through?
In many experimental studies, the decreased survival
factors and the concomitantly increased pro-apoptotic
ones trigger a pathway that leads to cell death.
Furthermore, a cross-talk has been showed between
Notch signaling and the expression of some of these
related signal pathway factors.
[33]
Sahlgren et al
reported that Notch signaling
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Abstract

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

AIM: To compare the follow-up outcomes of ileosig
moidal anastomosis (ISA) and caecorectal anastomosis
(CRA) in patients with slow transit constipation (STC)
with or without melanosis coli (MC).
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of, the manuscript.

METHODS: We collected the clinical data of 48 STC
patients with or without MC from May 2002 to May
2007. Twenty-six patients underwent CRA (14 with
MC) and 22 cases received ISA (14 with MC). A 3-year
postoperative follow-up was conducted.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
xinhuawmz1@126.com. Participants gave informed consent for
data sharing. No additional data are available.

RESULTS: CRA improved the quality of life [evaluated
by the gastrointestinal quality of life index (GIQLI)]
in patients without MC, but was inferior to ISA in
stool frequency and Wexner and GIQLI scores for MC
patients. In the CRA group, patients with MC suffered
worse outcomes than those without MC.
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

CONCLUSION: CRA is more suitable for STC patients
without MC; however, for STC patients with MC, ISA is
a better choice.
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anastomosis; Ileosigmoidal anastomosis; Prognosis
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marker studies. Slow transit was defined as retention
of more than 12 of 20 radiopaque markers.
Patients were enrolled in this study after satisfying
the following criteria: (1) diagnosed as having chronic
constipation according to Rome Ⅲ diagnosing criteria
[11]
and preoperative tests ; (2) chronic constipation
lasting for more than 3 years; and (3) failed con
servative treatment for at least 2 years, such as oral
laxatives, bowel cleansing solutions, and enemas or
suppositories.
The exclusion criteria were as follows: (1) suspicion
of organic colon diseases such as tumor, ankylenteron
or congenital megacolon; and (2) patients with absolute
surgical contraindication, for example, acute myocardial
infarction within 6 mo, cardiac and respiratory failure,
severe pulmonary infection and arrhythmia, diabetic
ketoacidosis with blood glucose exceeding 11.1 mol/L,
and mental disorder.
MC was diagnosed according to colonoscopic
and histopathologic appearance, i.e., brown or black
pigmentation located in the colon mucosa and lamina
propria.
All operations were performed by the same co
lorectal surgical team. Each patient who was accepted
for colectomy signed an informed consent form and the
study was approved by the Ethics Committee of Xinhua
Hospital.

Core tip: The optimal surgical treatment for slow
transit constipation (STC) is controversial. Based on
our study, caecorectal anastomosis is more suitable
for STC without melanosis coli (MC). However, for
STC with MC, ileosigmoidal anastomosis, with a lower
postoperative recurrence rate, is a better choice.
Sun JW, Gu JN, Du P, Chen W. Comparison of two types of
colectomy in treating slow transit constipation with or without
melanosis coli. World J Gastroenterol 2015; 21(33): 9736-9740
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i33/9736.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i33.9736

INTRODUCTION
Slow transit constipation (STC) is characterized
by delay in the transit of stool in the presence of a
[1,2]
morphologically normal colon and rectum . Most
patients experience long-term use of anthraquinone
laxatives such as senna, aloe capsules, and maren
pills, which may damage colonic epithelial cells and
cause irreversible injury to organelles, finally resulting
[3,4]
in colonic melanosis coli (MC) .
When medical treatment fails, surgery becomes
[5,6]
the final effective choice . Since Lane first reported
that colectomy was an effective treatment in 1908,
many different types of colectomy have been
[7]
developed . For example, ileosigmoidal anastomosis
(ISA), caecorectal anastomosis (CRA) and colonic
exclusion, a modified Duhamel procedure, have been
developed. Currently, IRA and CRA are the most
frequently adopted procedures, although there is still
[8-10]
debate about which procedure is best
. In addition,
whether MC is an important factor in choosing a
surgical procedure has not been explored previously.
For this retrospective study we analyzed 3 years
of follow-up data, investigated the post-operative
outcomes regarding stool frequency per day, Wexner
scores and gastrointestinal quality of life index (GIQLI)
scores following colectomy for 48 STC patients with
or without MC, with the aim of comparing the two
procedures.

Data collection and follow-up

Clinical data regarding the Wexner constipation
[12]
[13]
score (WCS)
and GIQLI score
were obtained
by telephone interviews 3 years postoperatively.
The Wexner constipation scale is a validated and
internationally adopted questionnaire used to
quantify the severity of constipation. It consists of
questions examining the various clinical expressions
of constipation, with scores ranging from 0 (best)
to 30 (worst). The GIQLI is a validated qualityof-life questionnaire designed to evaluate specific
gastrointestinal symptoms and the impact of the
disease on the physical, psychological, and social
spheres of the patient.

Statistical analysis

Statistical analyses were performed using SPSS
19.0 (SPSS, Inc., Chicago, IL, United States). Non
parametric analysis was performed by using a
2
Wilcoxon signed rank test. A χ criterion and a Fisher
exact test were utilized to analyze contingency data. P
< 0.05 was considered statistically significant. Values
are expressed as mean ± SD.

MATERIALS AND METHODS
Patients

We performed a retrospective study on 48 patients
with STC diagnosed in the Department of Colorectal
Surgery, Xinhua Hospital affiliated with the Shanghai
University School of Medicine from May 2002 to May
2007 (Table 1).
All patients underwent pre-operative tests including:
(1) repeated colonic transit time (CTT) study; (2)
colonoscopy and multi-mucosa biopsy; (3) defeco
graphy; (4) anorectal manometry; and (5) radiopaque
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RESULTS
Patient characteristics

A total of 48 patients were enrolled in the study,
of whom 27 (56.2%) were female. The average
age was 54.2 years. Constipation was the primary
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Table 1 Patient characteristics
Variable

n

ISA
With MC
Without MC
CRA
With MC
Without MC

22
14
8
26
14
12

Gender (M/F)

Age (yr)

Duration of constipation (yr)

Number of stools per week (preoperative)

6/8
4/4

54.8 ± 12.3
52.6 ± 11.3

12 ± 3
10 ± 2

1.1 ± 0.3
1.2 ± 0.4

7/7
4/8

53.1 ± 10.5
55.8 ± 13.0

9±2
8±2

1.0 ± 0.3
1.1 ± 0.4

ISA: Ileosigmoidal anastomosis; MC: Melanosis coli; CRA: Caecorectal anastomosis.

Table 2 Three-year postoperative follow-up of ileosigmoidal anastomosis and caecorectal anastomosis
Variable

ISA

Number of stools (per day)
Wexner scores
GIQLI

With MC
(n = 14)
4.5 ± 1.8
5.0 ± 1.5
106 ± 9

CRA
Without MC
(n = 8)
5.5 ± 2.4
4.9 ± 1.2
103 ± 12

Total
(n = 22)
4.9 ± 2.0
5.0 ± 1.4
105 ± 10

With MC
(n = 14)
1.7 ± 1.3a
3.1 ± 1.4a
100 ± 6a

Without MC
(n = 12)
3.0 ± 1.4a,c
3.3 ± 1.5a
116 ± 6a,c

Total
(n = 26)
2.3 ± 1.5a
3.2 ± 1.4a
107 ± 10

a

P < 0.05, ISA group vs CRA group; cP < 0.05, MC group vs no-MC group in respective subgroups. ISA: Ileosigmoidal anastomosis; MC: Melanosis coli;
CRA: Caecorectal anastomosis; GIQLI: gastrointestinal quality of life index.
[14-17]

postoperative diarrhea and malnutrition
. However,
some surgeons have reported a higher recurrence rate
[18-20]
with CRA
. In this study, we compared the 3-year
follow-up outcomes of CRA with ISA and found that
CRA improved the quality of life (evaluated by GIQLI
scores) in patients without MC compared with ISA, but
was inferior to ISA for patients with MC evaluated by
stool frequency, Wexner and GIQLI scores. Two of MC
patients undergoing CRA suffered from constipation
recurrence. Further analysis showed that there were
significant differences between MC and no-MC patients
who underwent CRA regarding defecation frequency
and GIQLI score. According to our results, it is
recommended that CRA is suitable for STC without MC,
and ISA is a better choice for STC with MC. It is hoped
that this conclusion will provide a helpful suggestion
when making clinical choice between CRA and ISA.
[21]
Feng et al
have compared CRA and ISA by
functional outcomes, and they draw the conclusion
that ISA is the superior method because it generates
increased patient satisfaction, while the CRA procedure
can be performed for selected patients with distal
colonic inertia. Certainly, differences in the specific
criteria (with or without MC) used to define subgroup
could contribute to the differences between the present
[22]
study and that of Knowles et al . What’s more, the
standard evaluation system such as Wexner and GIQLI
scores was more objective and accurate than counting
[23,24]
single symptom
.
[25]
Since first reported by Freeman et al
in 1829,
MC has been found to be associated with constipation
and use of laxatives. The incidence of MC was 44.4%
[26]
in STC patients , which was in accord with our
colonoscopic findings. The abnormal brown or black
pigmentation was most intense and most readily

symptom of all patients with an average duration of
9.8 years before the operation. The mean preoperative
frequency of stools was 1.1 times per week and all
patients had enema and laxative use history. No
significant differences were detected between the two
groups regarding gender, age, duration of constipation
and number of stools per week (Table 1). Finally, 26
patients underwent CRA and 22 patients underwent
ISA.
The mean follow-up was 3 years. No mortality
was found. According to interviews, patients who
underwent ISA had higher postoperative defecation
frequencies (4.9 ± 2.0 vs 2.3 ± 1.5, P < 0.01), higher
Wexner scores (5.0 ± 1.4 vs 3.2 ± 1.4, P < 0.01) and
equal GIQLI scores (P > 0.05; Table 2). Focusing on
STC with MC patients, the ISA group was superior to
the CRA group based on the three criteria. However, in
STC patients without MC, the ISA group had a higher
stool frequency per day (5.5 ± 2.4 vs 3.0 ± 1.4, P <
0.01), higher Wexner scores (4.9 ± 1.2 vs 3.3 ± 1.5,
P < 0.01), but lower GIQLI scores (103 ± 12 vs 116
± 6, P < 0.05). In patients who underwent ISA, no
significant difference was found between the MC and
no-MC groups. Oppositely, a statistical difference was
detected regarding defecation frequency (1.7 ± 1.3 vs
3.0 ± 1.4, P < 0.05) and GIQLI score (100 ± 6 vs 116
± 6, P < 0.01) between the MC and no-MC groups.

DISCUSSION
The surgical treatment for constipation has long been
a subject for debate. In China, the most frequently
practiced procedure for STC is subtotal colectomy with
CRA but not ISA, because former procedure preserves
the ileocecal valve and reduces the possibility of
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[27-29]

diagnosed with STC over a 5 year timeframe to determine a better clinical
choice in treating STC. After comparing the 3-year follow-up outcomes of CRA
with ISA, it was found that CRA improved the quality of life (evaluated by GIQLI
scores) in patients without MC compared with ISA, but was inferior to ISA for
patients with MC evaluated by stool frequency, Wexner and GIQLI scores. So
it is recommended that CRA is suitable for STC without MC, and ISA is a better
choice for STC with MC. This paper addressed the question thoroughly. All
methods were sound. Authors did not overreach with the data analysis. A very
sound paper with valid conclusions.

detected in the cecum and ascending colon
,
which appear to be the remaining part of colon after
CRA. This may be the reason for unfavorable clinical
outcomes and constipation recurrence. In addition,
MC may contribute to colonic vegetative nerve
[30]
dysfunction, especially at the ileocecum . CRA is not
a good choice to solve this problem.
This study preliminarily probed the choice of
surgical procedures in treating STC with or without MC
and had some limitations. First, the precise mechanism
to determine which STC patients with MC were prone
to recur remains unknown. Second, a larger sample
size and further research are necessary to validate our
conclusions. Lastly, this research was a retrospective
study with limited clinical credibility and randomized
clinical trials are necessary to confirm the conclusion.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the local ethics committee of the
Severance Hospital, Yonsei University (register no. 1-2014-0007).

AIM: To evaluate the possibility of treatment effect
monitoring using hepatic fat quantification magnetic
resonance (MR) in pediatric nonalcoholic steatohepatitis
(NASH).

Informed consent statement: Because of the retrospective and
anonymous character of this study, the need for informed consent
was waived by the institutional review board.

METHODS: We retrospectively reviewed the medical
records of patients who received educational recom
mendations and vitamin E for NASH and underwent
hepatic fat quantification MR from 2011 to 2013.
Hepatic fat fraction (%) was measured using dual- and
triple-echo gradient-recalled-echo sequences at 3T. The
compliant and non-compliant groups were compared
clinically, biochemically, and radiologically.
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licenses/by-nc/4.0/
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RESULTS: Twenty seven patients (M:F = 24:3; mean
age: 12 ± 2.3 years) were included (compliant group =
22, non-compliant = 5). None of the baseline findings
differed between the 2 groups, except for triglyceride
level (compliant vs non-compliant, 167.7 mg/dL vs
74.2 mg/dL, P = 0.001). In the compliant group, high-
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during treatment, even in children and adolescents.
However, this procedure is invasive and may result
[11,12]
in life-threatening complications
. In addition, it
has many drawbacks, including sampling error and
inter- and intra-observer variability in interpretation.
Liver biopsy can also be associated with complications
such as abdominal pain, hypotension, hemobilia, and
intraperitoneal hemorrhage, the last of which has an
associated mortality rate of up to 0.5%. Furthermore,
liver biopsy is not generally accepted by patients
[13-15]
and especially not by children and adolescents
.
Therefore, there is a need to develop noninvasive
methods to accurately assess and monitor the pro
gression of NAFLD in children.
Various imaging studies can be used for the
noninvasive assessment of hepatic fat including
ultrasonography, computed tomography (CT), and
magnetic resonance (MR) imaging. Ultrasonography
can detect fatty liver as increased liver parenchymal
echogenicity. There is no risk of radiation exposure
using this method. However, its ability to grade
[5]
the fatty liver in children is limited , despite an
attempt to quantitatively analyze hepatic fat with
[16]
ultrasonography . Moreover, positive ultrasonographic
results in severely obese adolescents cannot be used
to accurately predict the presence and severity of
[17]
hepatic steatosis .
CT can also detect hepatic fat infiltration by
[18]
analyzing hepatic parenchymal attenuation .
However, hepatic attenuation can also be affected by
[19]
other conditions such as hemosiderin deposition .
Moreover, the risk of radiation exposure is a major
disadvantage, especially in children. No studies have
yet compared the CT assessment of hepatic steatosis
[5]
with histologic grades of fatty infiltration in children .
Both MR imaging and MR spectroscopy can detect
hepatic fat infiltration simply and accurately without
[20]
radiation exposure , even though MR spectroscopy
needs a long examination time for a small volume
of the liver. When using MR imaging, quantitative
measurement of the fat fraction using a chemical shift
technique, which distinguishes resonant frequencies
between fat and water, can easily evaluate fat in the
liver. In addition, it can be obtained using the dual- or
triple-echo gradient recalled-echo sequences, which
[21]
can be used easily and quickly in children . However,
there is limited information regarding the utility of
hepatic fat quantification MR in children with NASH,
and no studies have used this technique to monitor
treatment effects in these patients. Therefore, the
purpose of this study was to evaluate the possibility of
treatment monitoring with hepatic fat quantification
MR as a non-invasive and quantitative method in
pediatric NASH.

density lipoprotein increased and all other parameters
decreased after 1-year follow-up. However, there were
various changes in the non-compliant group. Dualecho fat fraction (-19.2% vs 4.6, P < 0.001), tripleecho fat fraction (-13.4% vs 3.5, P < 0.001), alanine
aminotransferase (-110.7 IU/L vs -10.6 IU/L, P =
0.047), total cholesterol (-18.1 mg/dL vs 3.8 mg/dL, P
= 0.016), and triglyceride levels (-61.3 mg/dL vs 11.2
mg/dL, P = 0.013) were significantly decreased only in
the compliant group. The change in body mass index
and dual-echo fat fraction showed a positive correlation
(ρ = 0.418, P = 0.030).
CONCLUSION: Hepatic fat quantification MR can be a
non-invasive, quantitative and useful tool for monitoring
treatment effects in pediatric NASH.
Key words: Nonalcoholic fatty liver disease; Steatohepatitis;
Hepatic fat quantification magnetic resonance; Child;
Monitoring
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Few noninvasive methods have been evaluated
to accurately assess and monitor the progression of
nonalcoholic steatohepatitis (NASH) in children. In this
study, we used hepatic fat quantification magnetic
resonance (MR) and compared the compliant and noncompliant groups for treatment of pediatric NASH.
The compliant group showed not only laboratory
improvement but also a decrease in the fat fraction in
both dual- and triple-echo sequences after follow-up.
Therefore, hepatic fat quantification MR can be a noninvasive, quantitative and useful tool for monitoring
treatment effects in pediatric NASH.
Koh H, Kim S, Kim MJ, Kim HG, Shin HJ, Lee MJ. Hepatic
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in children and
[1-3]
adolescents . It varies in severity from simple fatty
liver to nonalcoholic steatohepatitis (NASH), which may
induce hepatic fibrosis, cirrhosis, and hepatocellular
[4,5]
carcinoma . Cirrhosis due to NAFLD has already
[6]
been reported in 2 boys aged 10 and 14 years .
Therefore, prompt diagnosis and suitable treatment
are mandatory. Proper diet, exercise, and vitamin E
[7-10]
may help improve steatosis in liver histology
.
Liver biopsy is the modality of choice to accurately
diagnose NAFLD and to monitor disease progression
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MATERIALS AND METHODS
Patients

This retrospective study was approved by the Insti
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tutional Review Board of our hospital (1-2014-0007)
and the acquisition of informed consent for review of
patients’ images and medical records was waived. We
declare that none of the authors of the present study
has any competing commercial, personal, political,
intellectual or religious interest with respect to the
present study. We reviewed the medical records of
27 pediatric patients referred for NASH between
January 2011 and December 2013. Diet and a physical
exercise education program for the reduction of body
weight were provided carefully and continuously to all
patients. A low-calorie diet (25-30 kcal/kg per day)
composed of specified quantities of fat (25%-30%),
carbohydrate (50%-60%) and protein (15%-20%)
was recommended. Clinical nutritionists in our hospital
guided the diet planning and a moderate exercise
program (1 h/d at least 5 d a week). Vitamin E (daily
dose 800 IU) was also recommended to all patients
[22]
to improve liver histology . Compliance with the
diet and exercise treatment regime was checked at
every clinic visit from daily records about feeding,
exercise, and medication history written by parents
and caregivers. Treatments other than diet, physical
exercise education, and vitamin E were not provided.
Sex, age at the time of diagnosis, body weight, body
mass index (BMI), and laboratory data were collected.
Hepatic fat quantification MR was performed at the
initial referral and 1 year later for follow-up. We
reviewed body weight, BMI, and laboratory results
at the time of MR acquisition. Laboratory results
included aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin, albumin,
alkaline phosphatase (ALP), cholesterol, triglycerides,
high density lipoprotein (HDL), and low density
lipoprotein (LDL) levels.

in the homogenous parenchyma of the right hepatic
lobe on a picture archiving and communication system
(Centricity, General Electric Corporation, Milwaukee, WI,
United States). The reviewer obtained signal intensity at
the same level of in-phase (IP) and opposed-phase (OP)
images. The hepatic fat fraction in dual-echo MR was
calculated from the following equation: Dual-echo fat
[23]
fraction (%) = [(IP-OP)/(2 × IP)] × 100 .
Theoretically, three ROIs should be obtained with
the same method used to measure the triple-echo fat
fraction. The signal intensities can be obtained at the
same level IP1, OP, and IP2 images. The hepatic fat
fraction in triple-echo MR can be calculated from the
equation as follows: Triple-echo fat fraction (%) ≤
[24]
[(IP1 + IP2)/2 - OP]/(IP1 + IP2) > × 100 .
In our workstation, the triple-echo fat fraction was
automatically calculated and we obtained a triple-echo
fat map for direct fat fraction measurement in a single
ROI.

Statistical analysis

Patients who followed the educational recommendations
and showed marked changes in BMI, AST, and ALT
over 1 year under observation were defined as the
compliant group. Patients who did not follow the
recommendations well were defined as the noncompliant group. Statistical analysis was performed
using SPSS version 20.0.0 (IBM Corp., Armonk, NY,
United States). We compared clinical, biochemical,
and radiological parameters between the compliant
group and the non-compliant group. Continuous
variables, including age, body weight, BMI, laboratory
results, and hepatic fat fractions on MR, were analyzed
with the Mann-Whitney U test. The difference in sex
between the 2 groups was analyzed using Fisher’s
exact test. To compare the results of the initial study
with 1 year follow-up, the Wilcoxon signed-rank test
was used. Spearman correlation analysis between
body weight or BMI change and fat fraction change
measured on MR was also performed. P values < 0.05
were considered statistically significant. The statistical
methods of this study were reviewed by Ha Yan Kim
from Biostatistics Collaboration Unit, Yonsei University
College of Medicine.

Hepatic fat quantification MR

We retrospectively reviewed hepatic fat quantification
MR of NASH patients. The hepatic fat fraction (%)
was measured using dual- and triple-echo gradientrecalled-echo sequences on a 3T MR system (Tim Trio;
Siemens Medical Solutions, Erlangen, Germany) with
a phased body array coil. For dual-echo chemical-shift
gradient-echo MR, we obtained axial images of the
liver using gradient echo T1-weighted, dual-echo, inphase, and opposed-phase sequences [TR 226 ms;
TE 1.23 (opposed-phase) and 2.46 (in-phase) ms; flip
angle 65°; section thickness 6 mm; matrix size 192 ×
256; and field of view 300 cm × 400 cm]. For tripleecho MR, the imaging protocol included a breathhold low-flip-angle T1-weighted, triple-echo, spoiled
gradient-echo sequence [TR 226 ms; TE 2.46 (in-phase
1), 3.69 (opposed-phase), and 4.92 (in-phase 2) ms;
flip angle 20°; section thickness 6 mm; matrix size
256 × 192; and field of view 315 cm × 420 cm].
One radiologist (Lee MJ), who had 10 years’
experience in pediatric radiology, randomly drew 2
regions of interest (ROIs) that avoided hepatic vessels
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RESULTS
Baseline findings

Twenty seven children with NASH underwent fat
quantification MR during the study period. All children
underwent both a pre-treatment and a follow-up MR
and were included in this study. There were 24 boys
and 3 girls, with a mean age of 12.0 ± 2.3 years (range,
9-19 years). There were 22 patients (81.5%) in the
compliant group and 5 (18.5%) in the non-compliant
group. Table 1 demonstrates the baseline findings in all
children. There were no significant differences between
the groups except for the triglyceride level, which was
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Table 1 Baseline characteristics of all patients, and comparison between the compliant and non-compliant groups

Demographics

Laboratory findings

Hepatic fat fraction
on MR

Male, n (%)
Age (yr)
B.wt (kg)
BMI (kg/m2)
AST (IU/L)
ALT (IU/L)
T.Bil (mg/dL)
Albumin (g/dL)
ALP (IU/L)
Cholesterol (mg/dL)
TG (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Dual-echo sequence (%)
Triple-echo sequence (%)

All children (n = 27)

Compliant group (n = 22)

Non-compliant group (n = 5)

P value1

24 (88.9)
12.0 ± 2.3
66.2 ± 16.0
26.6 ± 3.4
79.9 ± 79.4
138.7 ± 112.0
0.6 ± 0.3
4.6 ± 0.2
208.6 ± 77.3
187.9 ± 30.0
150.4 ± 74.1
45.0 ± 8.3
120.5 ± 30.3
34.2 ± 8.5
22.8 ± 7.3

20 (90.9)
11.8 ± 1.9
65.4 ± 16.5
28.8 ± 3.6
83.0 ± 85.8
148.6 ± 119.2
0.6 ± 0.3
4.6 ± 0.2
210.5 ± 73.8
192.6 ± 30.0
167.7 ± 71.1
44.9 ± 9.0
123.3 ± 32.0
34.9 ± 8.2
23.6 ± 7.2

4 (80.0)
12.8 ± 3.7
70.0 ± 14.5
25.9 ± 2.5
66.0 ± 44.0
95.2 ± 63.7
0.6 ± 0.3
4.5 ± 0.2
200.4 ± 100.8
167.0 ± 21.0
74.2 ± 16.4
45.2 ± 4.7
108.0 ± 18.5
31.3 ± 9.8
19.5 ± 7.4

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.001
NS
NS
NS
NS

1

Comparison between the compliant and non-compliant groups using the Mann-Whitney U test, except for gender, which was compared using Fisher’s exact
test. All data show mean ± standard deviation. B.wt: Body weight; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
T.Bil: Total bilirubin; ALP: Alkaline phosphatase; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density lipoprotein; NS: Not significant.

Table 2 Comparison of clinical outcomes between initial diagnosis and 1 year after referral
Compliant group (n = 22)
Initial
Male, n (%)
Age (yr)
B.wt (kg)
BMI (kg/m2)
AST (IU/L)
ALT (IU/L)
T.Bil (mg/dL)
Albumin (g/dL)
ALP (IU/L)
Cholesterol (mg/dL)
TG (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Dual-echo sequence (%)
Triple-echo sequence (%)

20 (90.9)
11.8 ± 1.9
65.4 ± 16.5
28.8 ± 3.6
83.0 ± 85.8
148.6 ± 119.2
0.6 ± 0.3
4.6 ± 0.2
210.5 ± 73.8
192.6 ± 30.0
167.7 ± 71.1
44.9 ± 9.0
123.3 ± 32.0
34.9 ± 8.2
23.6 ± 7.2

After 1 yr

67.3 ± 14.7
26.3 ± 3.4
29.2 ± 20.0
37.9 ± 41.8
0.7 ± 0.4
4.6 ± 0.3
202.1 ± 93.5
174.5 ± 28.2
106.4 ± 39.8
48.4 ± 9.6
100.3 ± 26.3
15.8 ± 8.2
10.1 ± 4.6

Non-compliant group (n = 5)

P -value1

Initial

After 1 yr

P value1

NS
0.016
0.002
< 0.001
0.015
NS
NS
0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

4 (80.0)
12.8 ± 3.7
70.0 ± 14.5
25.9 ± 2.5
66.0 ± 44.0
95.2 ± 63.7
0.6 ± 0.3
4.5 ± 0.2
200.4 ± 100.8
167.0 ± 21.0
74.2 ± 16.4
45.2 ± 4.7
108.0 ± 18.5
31.3 ± 9.8
19.5 ± 7.4

72.3 ± 15.0
26.4 ± 2.7
50.0 ± 37.5
84.6 ± 63.5
0.70 ± 0.37
4.70 ± 0.30
153.6 ± 71.6
170.8 ± 22.5
85.4 ± 20.1
46.0 ± 4.5
105.0 ± 30.8
35.9 ± 8.9
22.9 ± 5.6

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

1

Comparison between initial and 1-year follow-up in the 2 groups using the Wilcoxon signed-rank test. All data show mean ± standard deviation.

higher in the compliant group (167.7 mg/dL) than in
the non-compliant group (74.2 mg/dL) (P = 0.001).

and triple-echo fat fractions were decreased in the
compliant group (P < 0.001) (Figure 1). The mean
initial hepatic fat fraction was 34.9% on dual-echo
MR and 23.6% on triple-echo MR, and it decreased to
15.8% on dual-echo MR and to 10.1% on triple-echo
MR in the compliant group. The follow-up MR showed
increased mean fat fraction in the non-compliant group
on both dual-echo MR (from 31.3% to 35.9%, P >
0.05) and triple-echo MR (from 19.5% to 22.9%, P >
0.05) (Figure 2).
The 2 groups differed in both dual-echo fat fraction
(-19.2% vs 4.6%, P < 0.001) and triple-echo fat
fraction (-13.4% vs 3.5%, P < 0.001), with a decreased
fat fraction observed only in the compliant group.
Among the laboratory results, ALT (-110.7 IU/L vs -10.6
IU/L, P = 0.047), cholesterol (-18.1 mg/dL vs 3.8 mg/
dL, P = 0.016), and triglycerides (-61.3 mg/dL vs 11.2

Comparison of changes in the 2 groups at 1-year followup

Table 2 shows the results of the initial and follow-up
findings in the 2 groups. Body weight did not change
significantly in either group. However, BMI decreased
2
only in the compliant group (from 28.8 kg/m to 26.3
2
kg/m , P = 0.016). Almost all laboratory results except
albumin and ALP changed significantly during followup in the compliant group. AST, ALT, cholesterol,
triglycerides, and LDL decreased, and HDL increased
in the compliant group, which reflected the treatment
effect. However, no laboratory results changed during
follow-up in the non-compliant group.
On hepatic fat quantification MR, both dual-
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Figure 1 Liver fat quantification magnetic resonance in an 11-year-old boy in the compliant group. The same circular regions of interest (white circles) are
drawn to measure signal intensity in the liver parenchyma. On initial magnetic resonance (MR) images (A-C), signal intensity of the liver is 56.6 on the opposed-phase
image (A) and 725.4 on the in-phase image (B). Therefore, the calculated fat signal percentage in the liver on the dual-echo sequence is 46% [(725.4-56.6) × 100/2
× 725.4]. The fat signal percentage in the liver is 34.4% on the fat map image (C) of the triple-echo sequence. On follow-up liver MR after treatment (D-F), hepatic
signal intensity is 331.1 on the opposed-phase image (D) and 617.8 on the in-phase image (E), with a calculated fat signal percentage of 23% [(617.8-331.1) × 100/2
× 617.8] on the dual-echo sequence. The triple-echo sequence image also demonstrates a decreased hepatic fat signal percentage of 15% on the fat map image (F).
[5]

mg/dL, P = 0.013) differed between the 2 groups.
In the correlation analysis which included all
patients, the BMI change and the dual-echo fat fraction
change showed a positive correlation (ρ = 0.418, P
= 0.030). However, the BMI change and triple-echo
fat fraction change was not correlated (ρ = 0.316, P
= 0.109). The body weight change and fat fraction
change also did not show a significant correlation in
both dual-echo (ρ = 0.213, P = 0.285) and triple-echo
(ρ = 0.135, P = 0.501) sequences.

there are lipid droplets within hepatocytes . This
causes the scattering of the waves, which creates
more returning echoes to the transducer. Therefore,
we can qualitatively determine fatty infiltration in
the liver when the liver parenchymal echogenicity is
increased when compared with the kidney. Shannon
[16]
et al
performed a cohort study of pediatric patients
with biopsy-proven NAFLD and demonstrated
excellent correlation between the ultrasonographic
steatosis score and the histologic grade of steatosis.
[17]
However, Bohte et al
showed the limitations of
ultrasonography in severely obese adolescents
when evaluating the severity of hepatic steatosis. In
addition, a recent systemic review for imaging liver fat
in children concluded that ultrasonography had a low
positive predictive value of 47%-62% for the diagnosis
[5]
of fatty liver .
MR imaging is one of the most sensitive tools used
to evaluate fat infiltration in the liver. Both MR imaging
and MR spectroscopy can accurately and reproducibly
[25]
measure hepatic fat . However, MR spectroscopy
evaluates only a small portion of the liver and requires
a long examination time and expertise for data
[23,25]
acquisition and analysis
. When using MR imaging,
the degree of fat infiltration can be estimated by using
[20]
chemical shift imaging . The term chemical shift
refers to the difference in precessional (or resonance)

DISCUSSION
Dual- and triple-echo gradient recalled-echo sequences
can easily perform noninvasive assessment and
quantitative measurement of hepatic fat, even in
children. Our study demonstrated that not only clinical
and laboratory results but also fat fraction on MR
improved in children with good treatment compliance.
These results suggest the possible usefulness of fat
quantification MR as a noninvasive and quantitative
tool for monitoring treatment effects in children with
NASH.
Ultrasonography is the favored method for eva
luating hepatic disease in children because results
are easily obtainable and it is noninvasive. Disturbed
propagation of ultrasound waves can occur when
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Figure 2 Liver fat quantification magnetic resonance in a 12-year-old girl in the non-compliant group. The same circular regions of interest (white circles) are
drawn to measure signal intensity in the liver parenchyma. On initial MR images (A-C), signal intensity of the liver is 299.1 on the opposed-phase image (A) and 644.6
on the in-phase image (B). Therefore, the calculated fat signal percentage in the liver on the dual-echo sequence is 26.8% [(644.6-299.1) × 100/2 × 644.6]. The fat
signal percentage in the liver is 16.6% on the fat map image (C) of the triple-echo sequence. On follow-up liver MR after treatment (D-F), the fat signal is 238.6 on the
opposed-phase image (D) and 750.6 on the in-phase image (E), with a calculated fat signal percentage of 34.1% [(750.6-238.6) × 100/2 × 750.6] on the dual-echo
sequence. The triple-echo sequence image also demonstrates an increased hepatic fat signal percentage of 20.4% on the fat map image (F).

frequency between 2 proton MR signals, expressed
in parts per million of the resonance frequency of
the static magnetic field B0. This technique uses
differences in the resonance frequencies of water and
lipids to differentiate tissues containing only water
[5]
from those containing both water and lipids . The
characteristic resonance frequencies of fat and water
and the detection of a fat-specific frequency allows
for quantitative measurement of hepatic steatosis.
Therefore, while normal liver parenchyma exhibits
similar signal intensity on IP and OP images, the fatty
liver shows diminished signal intensity on OP images,
as seen in our study.
The dual-echo technique is available on most
clinical imagers with a field strength of 1.0T or higher.
We can obtain both IP and OP images after a single
radiofrequency excitation using this technique, allowing
rapid acquisition of images during a single breath
[23]
hold . There are many reports about the utility of this
[26]
technique in evaluating hepatic steatosis in adults .
However, there is only one report of the dual-echo
technique being performed in children. In 2011,
[21]
Pacifico et al
demonstrated a strong correlation
between the dual-echo MR fat fraction and the
histologic grade of hepatic steatosis among 25 children
with NAFLD. No studies have yet evaluated the utility
of this technique for monitoring treatment effects in
children with NASH. This is the first study detecting

WJG|www.wjgnet.com

longitudinal changes in hepatic fat in pediatric NASH,
even though we did not perform histologic correlation
as biopsy is not considered a proper method for
treatment monitoring, especially in children. We
demonstrated that not only clinical and laboratory
results but also fat fraction on MR improved in children
with good treatment compliance. We also showed that
the BMI change and the dual-echo fat fraction change
had a positive correlation. Therefore, the dual-echo
technique can be a useful monitoring tool in children
with fatty liver disease.
Triple-echo MR imaging is somewhat similar to dualecho MR imaging. However, the triple-echo technique
acquires a second IP image in addition to the first OP
and IP images. The signal intensities of the first OP and
IP images are corrected for the T2* effect using the
T2* time estimated from the signal decay between the
[25]
first and second IP images . The dual-echo technique
cannot correct for potentially confounding T2*
relaxation effects, which should considered in cases
with elevated liver iron content, such as cirrhosis and
[23,27]
[28]
hemochromatosis
. Qayyum et al
demonstrated
that fat quantification determined with chemical shift
imaging correlated better with the histopathologically
determined percentage of fat in non-cirrhotic patients
compared with cirrhotic patients.
Several recent reports evaluated the triple-echo
technique for quantification of hepatic steatosis in

9746

September 7, 2015|Volume 21|Issue 33|

Koh H et al . Monitoring by hepatic fat quantification MR
[29,30]

[29]

chronic liver disease in children. Prompt diagnosis and suitable treatment are
necessary to prevent hepatic fibrosis and cirrhosis. In this study, we evaluated
the possibility of treatment monitoring with hepatic fat quantification magnetic
resonance (MR) as a non-invasive and quantitative method in pediatric
nonalcoholic steatohepatitis (NASH).

adults
. Hwang et al
demonstrated a correla
tion between both triple-echo MR imaging and MR
spectroscopy with macrovesicular steatosis. They
suggested cutoff values of 4.93% and 5.79% for the
detection of substantial macrovesicular steatosis for
both techniques, respectively, without a significant
[30]
difference. Wu et al
compared dual-echo MR, tripleecho MR, and MR spectroscopy for the evaluation
of hepatic steatosis and found that triple-echo MR
imaging had the highest correlation. However, no
studies evaluated triple-echo MR imaging in children
with NASH. Our study demonstrated that both
the dual-echo and triple-echo techniques showed
a significant decrease in hepatic fat fraction after
treatment. The mean fat fraction decreased from
34.9% to 15.8% with the dual-echo sequence and
from 23.6% to 10.1% with the triple-echo sequence in
the compliant group. However, we could not evaluate
the effect of hepatic iron content or fibrosis between
the 2 sequences in these patients. Further study is
required to compare the accuracy of these sequences
in children with NAFLD.
Our study has several limitations. First, diagnosis
and improvement during NASH follow-up were not
proven pathologically. We could not directly correlate
or compare the MR fat fraction with histologic grades of
fatty infiltration. We also could not evaluate or consider
hepatic fibrosis in our patients. However, liver biopsy
is not a routine examination in children with NASH
and is not appropriate for treatment monitoring. The
second limitation was the small number of patients
with a short-term follow-up period. We included
only children with NASH who underwent both a pretreatment and a 1-year follow-up MR for hepatic fat
quantification during the study period. Even though
all children in the compliant group showed decreased
hepatic fat fraction on both sequences in this short
period of follow-up, long-term monitoring is mandatory
in these patients. Additional prospective studies with a
large number of children and long-term follow-up are
needed to validate our results. The third limitation was
that chemical shift MR imaging cannot differentiate the
[23]
water dominant and fat dominant liver . In fact, this
technique cannot evaluate a fatty liver with more than
a 50% fat component. However, a hepatic fat fraction
of more than 50% is rare; in a study of over 2000
[31]
patients by Szczepaniak et al , no patients had a fat
fraction exceeding 50%. Therefore, this may be only a
theoretical concern.
In conclusion, hepatic fat quantification MR can be a
useful tool to non-invasively and quantitatively monitor
treatment effects in pediatric NASH. Furthermore,
it can also help reduce the number of unnecessary
biopsies in these patients.

Research frontiers

Even though liver biopsy is the modality of choice for NAFLD diagnosis, it is
invasive and not favored especially in children. Therefore, there is a need to
develop noninvasive methods to accurately assess and monitor the progression
of NAFLD for children.

Innovations and breakthroughs

There is debate about the modality of choice for the diagnosis and monitoring of
the NAFLD in pediatric patients. Non-invasive imaging studies such as hepatic
fat quantification MR could be used to quantitatively monitor treatment effects
in pediatric NAFLD. However, there is limited information regarding the utility of
hepatic fat quantification MR in children with NAFLD.

Applications

Quantitative measurement of the fat fraction using a chemical shift technique
on MR can be an accurate and easy method to evaluate hepatic fat, even in
children. We need to validate the use of this technique not only for NAFLD
diagnosis but also for treatment monitoring.

Terminology

Fat quantification MR using a chemical shift technique can evaluate fat in
the liver by distinguishing resonant frequencies between fat and water. Both
dual- and triple-echo gradient recalled-echo sequences can be used for this
purpose. The dual-echo sequence can be obtained with a single radiofrequency
excitation, allowing rapid acquisition of images during a single breath hold. The
triple-echo sequence can correct for potentially confounding T2* relaxation
effects, which should considered in cases with elevated liver iron content, such
as cirrhosis and hemochromatosis.

Peer-review

This is an interesting research study which evaluated the utility of hepatic fat
quantification MR as a non-invasive and quantitative method for treatment
monitoring in pediatric NASH. This study compared the compliant and noncompliant groups and demonstrated fat fraction and laboratory findings change
only in the compliant group. These results suggest that hepatic fat quantification
MR can be used in the treatment monitoring in pediatric NASH.
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Abstract
AIM: To validate the utility of Annexin A10 as a sur
rogate marker of the serrated neoplasia pathway in
invasive colorectal cancers (CRCs).

Institutional review board statement: This study was
reviewed and approved by Institutional Review Board ofSeoul
National University College of Medicine/Seoul National
University Hospital (IRB No: H. 1502-029-647).

METHODS: A total of 1133 primary CRC patients
who underwent surgical resection at Seoul National
University Hospital between January 2004 and
December 2007 were enrolled. Expression of Annexin
A10 was evaluated by immunohistochemistry using
tissue microarray and paired to our findings on clini
copathologic and molecular characteristics of each
individual. CpG island methylator phenotype was
determined by MethyLight assay and microsatellite
instability was determined by high performance liquid
chromatography. KRAS and BRAF mutation status was

Informed consent statement: Because this study is a
retrospective study with a minimal risk to patients, it was
exempted from obtaining informed consent by the IRB.
Conflict-of-interest statement: The authors declare no conflictof-interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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contributes to clinical and histomorphological va
[1]
riation . Currently, there are three widely accepted
colorectal carcinogenic pathways, the chromosomal
instability (CIN) pathway, the microsatellite instability
(MSI) pathway, and the epigenetic instability pathway,
which corresponds to the CpG island methylator
phenotype (CIMP). The CIN pathway is characterized
by alterations in the number and structure of chro
mosomes, as well as by the accumulation of somatic
mutations in genes including proto-oncogenes and
[2]
tumor suppressor genes . MSI is caused by a de
fective mismatch repair system and is characterized
by alterations in the number of repeat nucleotide(s),
leading to frame-shift mutations in the corresponding
[3]
genes . CIMP is characterized by widespread cancerspecific hypermethylation of numerous promoter CpG
[4]
island loci . Initially, these pathways were considered
to be mutually exclusive, but recent comparative
studies have reported that molecular alterations in
[5]
these pathways can partially overlap .
CRC is one of the best models for studying
multistep carcinogenesis. Virtually all CRCs originate
from premalignant polyps, which can be detected
by colonoscopy. Colorectal premalignant polyps
are divided into two groups: adenomatous polyps
(conventional adenomas), which are precursor lesions
of CRCs with CIN, and serrated polyps, which are now
considered to be precursor lesions of CRCs with CIMP
[6]
and sporadic MSI . Serrated polyps are series of
polyps that share sawtooth-like glandular morphology.
Serrated polyps are divided into hyperplastic polyps,
sessile serrated adenomas/polyps (SSA/P) and
traditional serrated adenomas (TSA). Serrated polyps
are highly associated with CIMP, sporadic MSI and the
BRAF mutation.
Annexin A10 is a member of the annexin family,
a large multigene family of calcium- and pho
spholipid-binding proteins. It plays important roles
in physiologic processes including differentiation
[7-9]
and proliferation
. Annexin A10 is expressed in
the foveolar cells and glandular cells of the normal
antral or body-type gastric mucosa. In addition,
Annexin A10 is expressed in Brunner gland cells of
the duodenum and urothelial cells of the renal pelvis
[10]
and urinary bladder . However, aberrant expression
of Annexin A10 was found in malignant tumors of
other tissue types, including oral cancer, pancreatic
[10,11]
[12]
cancer, and lung cancer
. Recently, Gonzalo et al
proposed Annexin A10 as a marker for the colorectal
serrated neoplasia pathway. They observed increased
expression of Annexin A10 in SSA/P compared with
normal colonic epithelia and microvesicular hyper
plastic polyps. However, little is known about Annexin
A10 expression in invasive CRCs.
Previously, we reported the correlation of Annexin
A10 expression with the serrated neoplasia pathway
[13]
using 168 microsatellite-unstable CRCs . However,
the evaluation of Annexin A10 expression in a large

evaluated by direct sequencing and allele-specific PCR.
Univariate and stage-specific survival analyses were
performed to reveal the prognostic value of Annexin
A10 expression.
RESULTS: Annexin A10 expression was observed
in 66 (5.8%) of the 1133 patients. Annexin A10
expression was more commonly found in females and
was associated with proximal location, ulcerative gross
type, advanced T category, N category and TNM stage.
CRCs with Annexin A10 expression showed an absence
of luminal necrosis, luminal serration and mucin
production. CRCs with Annexin A10 expression were
associated with CpG island methylator phenotype,
microsatellite instability and BRAF mutation. In survival
analysis, Annexin A10 expression was associated with
poor overall survival and progression-free survival,
especially in stage Ⅳ CRCs.
CONCLUSION: Annexin A10 expression is associated
with poor clinical behavior and can be used a sup
portive surrogate marker of the serrated neoplasia
pathway in invasive CRCs.
Key words: Annexin A10; Serrated neoplasia pathway;
CpG island methylator phenotype; Colorectal cancer;
BRAF mutation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Annexin A10 is considered a surrogate immu
nohistochemical marker for sessile serrated adenomas/
polyps. We validated the utility of Annexin A10 as a
surrogate marker of the serrated neoplasia pathway
in invasive colorectal cancers (CRCs). Annexin A10
expression was associated with female sex, proximal
location, ulcerative gross type, advanced TNM stage,
serration and mucin production. CRCs with Annexin
A10 expression were associated with CpG island
methylator phenotype, microsatellite instability and
BRAF mutation. In stage-specific survival analysis,
Annexin A10 expression was associated with poor
clinical outcome in stage Ⅳ CRCs. Annexin A10 can be
used a supportive surrogate marker of the serrated
neoplasia pathway.
Bae JM, Kim JH, Rhee YY, Cho NY, Kim TY, Kang GH.
Annexin A10 expression in colorectal cancers with emphasis
on the serrated neoplasia pathway. World J Gastroenterol 2015;
21(33): 9749-9757 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i33/9749.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i33.9749

INTRODUCTION
Colorectal cancer (CRC) shows heterogeneity in terms
of its molecular carcinogenesis, and this heterogeneity
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Figure 1 Representative images of immunohistochemical staining for Annexin A10. A: Colorectal cancers (CRCs) with Annexin A10 expression (magnification ×
200); B: CRCs without Annexin A10 expression (magnification × 200).

Evaluation of Annexin A10 expression

population is required to characterize the clini
copathological and molecular characteristics of Annexin
[10,14]
A10, because of its low prevalence in CRCs
.
In this study, we evaluated the clinicopathological
characteristics and prognostic value of Annexin A10
expression in 1133 primary CRCs and compared them
with molecular profiles including CIMP, MSI, KRAS and
BRAF mutation status. Finally, we evaluated whether
Annexin A10 can be used as a surrogate marker for
CRCs with CIMP.

Tissue microarray (TMA) construction using formalinfixed, paraffin-embedded (FFPE) tissues from
1133 CRCs was performed. Three different tumor
areas in the FFPE tissue of individual CRCs were
extracted as three tissue cores (2mm in diameter)
for each case and were transferred to TMA blocks.
Immunohistochemical analysis was performed with
commercially available antibodies against Annexin A10
(1:300, NBP1-90156, Novus Biologicals). Expression
of Annexin A10 was assessed independently by two
pathologists (Bae JM and Kang GH). The presence
of Annexin A10 nuclear staining in more than 5%
of the tumor area in any TMA core was classified
[13]
as expression of Annexin A10 . Tumors showing
less than 5% nuclear staining of the tumor area or
cytoplasmic staining without nuclear staining were
classified as exhibiting no-expression of Annexin A10
(Figure 1).

MATERIALS AND METHODS
Tissue samples

A total of 1527 patients with CRC underwent curative
surgery at Seoul National University Hospital, Seoul,
South Korea, from January 2004 to December 2007.
After the exclusion of 394 patients with CRC [refusal of
molecular study (n = 136), non-invasive cancers (n =
50), familial adenomatous polyposis (n = 13), multiple
occurrence (n = 78), neoadjuvant chemo- and/or
radiotherapy (n = 89), recurrent tumors (n = 28)],
formalin-fixed paraffin-embedded tissue samples from
1133 patients with CRC were selected for this study.
This study was approved by the Institutional Review
Board.

KRAS, BRAF mutation and MSI analyses

Through histological examination, representative
tumor portions were marked and then subjected
to manual microdissection. Dissected tissues were
collected into microtubes containing lysis buffer and
proteinase K and were incubated at 55 ℃ for 2 d.
DNA from paraffin-embedded tissue was extracted,
and polymerase chain reaction (PCR) was performed.
Direct sequencing of KRAS codons 12 and 13, and
allele-specific PCR for BRAF codon 600 were performed
[15]
as previously described . MSI status was determined
by 5 NCI markers including BAT25, BAT26, D2S123,
D5S346 and D17S250. MSI was defined when two
or more markers were unstable, and microsatellite
stable (MSS) was defined when only one marker was
unstable or when all five markers were stable.

Clinicopathological analysis

Clinicopathological characteristics including age, sex,
tumor location, and TNM stage were obtained from
electronic medical records. Through microscopic
examination of representative sections of the tumors,
we evaluated the following parameters without
knowledge of the CIMP, MSI, KRAS and BRAF mutation
status of the specimen: tumor differentiation, luminal
necrosis, tumor budding, Crohn-like lymphoid reaction,
number of tumor-infiltrating lymphocytes, luminal
serration and extraglandular mucin production. Overall
survival and progression-free survival data were
extracted from the patient’s medical records, direct
interviews with surviving patients or members of
patients’ families or death registry offices.

WJG|www.wjgnet.com

Analysis of CpG island methylator phenotype

Bisulfite DNA modification and real-time methylation
specific PCR (MethyLight) assays were performed as
[16]
described previously . We quantified methylation
of eight CIMP-specific markers (CACNA1G, CDKN2A,
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CRABP1, IGF2, MLH1, NEUROG1, RUNX3 and SOCS1).
CIMP-positive (CIMP-P) was defined by a tumor
showing methylation in ≥ five markers of the 8-marker
CIMP panel and CIMP-negative (CIMP-N) as tumors
showing methylation in ≤ 4 markers (0 to 4 of 8
promoters).

Table 1 Clinicopathologic and histologic features of Annexin
A10 expression in colorectal cancers n (%)
Parameter

Annexin A10

Annexin A10

P value

no-expression
expression
(n = 1067, 94.2%) (n = 66, 5.8%)
Age (mean ± SD)
Sex
Male
Female
Location
Proximal colon
Distal colon
Rectum
Gross type
Fungating
Ulcerative
T category
1
2
3
4
N category
0
1
2
M category
0
1
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Differentiation
Well
Differentiated
Moderately
Differentiated
Poorly
Differentiated
Luminal necrosis
Absent
Present
Tumor budding
Absent
Present
Tumor-infiltrating
Lymphocytes
Low TILs
(< 8/HPF)
High TILs
(≥ 8/HPF)
Crohn’s-like
Lymphoid reaction
Absent
Present
Luminal serration
Absent
Present
Mucin production
Absent
Present

61.0 ± 11.1

58.1 ± 12.6

650 (60.9)
417 (39.1)

27 (40.9)
39 (59.1)

0.0381
< 0.001

Statistical analysis

SAS system (version 9.3, SAS Institute, Cary, NC,
United States) and R software were used for statistical
analyses. The age of each group was compared
using Student’s t-test. The other clinicopathological
characteristics between groups were compared using
χ 2 test or Fisher’s exact test for categorical variables
and Wilcoxon’s rank-sum test for ordinal variables.
The survival curves after surgery were estimated
by Kaplan-Meier method and the differences in the
survival curves were tested by log-rank test. Cox
proportional hazards models were used to estimate
hazard ratios and corresponding 95% confidence
intervals (CIs) for the overall survival. The assumption
of proportional hazards was checked by plotting the
log[-log[S(t)]] against time on study. All statistical
tests were two-sided, and statistical significance was
defined as P < 0.05.
The statistical methods of this study were reviewed
by Myoung Jin Jang from Medical Research Collaborating
Center, Seoul National University Hospital.

< 0.001
237 (22.2)
430 (40.3)
400 (37.5)

42 (63.6)
11 (16.7)
13 (19.7)

708 (66.3)
359 (33.7)

35 (53.0)
31 (47.0)

47 (4.4)
164 (15.4)
756 (70.8)
100 (9.4)

1 (1.5)
0 (0.0)
52 (78.8)
13 (19.7)

558 (52.3)
290 (27.2)
219 (20.5)

16 (24.2)
23 (34.9)
27 (40.9)

892 (83.6)
175 (16.4)

49 (74.2)
17 (25.8)

173 (16.2)
351 (32.9)
368 (34.5)
175 (16.4)

0 (0.0)
15 (22.7)
34 (51.5)
17 (25.7)

64 (6.0)

2 (3.0)

970 (90.9)

56 (84.9)

33 (3.1)

8 (12.1)

83 (7.8)
984 (92.2)

18 (27.3)
48 (72.7)

36 (3.4)
1031 (96.6)

0 (0.0)
66 (100.0)

0.027

< 0.0012

< 0.0012

0.049

< 0.0012

0.002

RESULTS
Clinicopathological characteristics of Annexin A10
expression

Detailed clinicopathological features and histological
features according to Annexin A10 expression are
summarized in Table 1. A total of 1133 patients with
CRC (mean age ± SD, 60.8 ± 11.2) were included
in the immunohistochemical analysis. The male
to female ratio was 1.48:1 (677 males and 456
females). Tumor location was proximal colon (proximal
to the splenic flexure) in 279 patients, distal colon
in 441 patients and rectum in 413 patients. Median
follow-up duration was 58.1 mo (0.3-89.8 mo).
785 patients received 5-fluorouracil based adjuvant
chemotherapy.
Annexin A10 expression was observed in 66 (5.8%)
patients. Annexin A10 expression was associated with
lower age at diagnosis (P = 0.038), female sex (P <
0.001), proximal tumor location (P < 0.001), advanced
T category (P < 0.001), N category (P < 0.001), M
category (P = 0.049) and more advanced TNM stage
(P < 0.001). As shown with microscopic examination,
Annexin A10 expression was associated with absence
of luminal necrosis (P < 0.001), increased number of
tumor-infiltrating lymphocytes (P = 0.003), luminal

< 0.001

0.2643

0.316
802 (75.2)

39 (59.1)

265 (24.8)

27 (40.9)
0.470

908 (85.1)
159 (14.9)

54 (81.8)
12 (18.2)

1039 (97.4)
28 (2.6)

50 (75.8)
16 (24.2)

958 (89.8)
109 (10.2)

43 (65.1)
23 (34.9)

< 0.0013

< 0.001

1Student’s t-test; 2Wilcoxon rank-sum test; 3Fisher’s exact test. S.D:
Standard deviation; HPF: High power field.
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A

Table 2 Comparison of Annexin A10 expression with other
molecular characteristics in colorectal cancers n (%)
Parameter

Annexin A10

Annexin A10

1.0

ANXA10- (n = 1067)
ANXA10+ (n = 66)

P value

0.8

CIMP
CIMP-N
CIMP-P
MSI
MSS
MSI
KRAS mutation
(n = 1071)
Wild type
Mutant type
BRAF mutation
(n = 1005)
Wild type
Mutant type

Overall survival

no-expression
expression
(n = 1067, 94.2%) (n = 66, 5.8%)
< 0.0011
1029 (96.4)
38 (3.6)

41 (62.1)
25 (37.9)

995 (93.2)
72 (6.8)

49 (74.2)
17 (25.8)

< 0.0011

0.399
745 (73.8)
265 (26.2)

912 (96.4)
34 (3.6)

42 (68.8)
19 (31.2)

0.6

0.4

0.2

< 0.0011

0.0

P = 0.004
0

50 (84.7)
9 (15.3)

20

40

60

80

Months after surgery

1

B

Fisher’s exact test. CIMP: CpG island methylator phenotype; MSI:
Microsatellite instability.

1.0

0.8
CIMP-N/MSS

CIMP-N/MSI

Progression-free survival

3.5%

(n = 1008)

9.7%

(n = 62)
CIMP-P/MSS

38.9%

(n = 36)

0.6

0.4

0.2

CIMP-P/MSI

40.8%

(n = 27)

0.0
0%

10%

20%

30%

40%

P = 0.008
0

50%

20

40

60

80

Months after surgery

Figure 2 Frequency of Annexin A10 expression according to four molecular
subtypes. CIMP-N: CpG island methylator phenotype-negative; CIMP-P:
CpG island methylator phenotype-positive; MSS: Microsatellite stable; MSI:
Microsatellite instability.

Figure 3 Univariate survival analysis in colorectal cancers according to
Annexin A10 expression status. A: Overall survival; B: Progression-free survival.
ANXA10-; Annexin A10 no-expression, ANXA10+: Annexin A10 expression.

3.5% of CIMP-N/MSS CRCs, 9.7% of CIMP-N/MSI
CRCs, 38.9% of CIMP-P/MSS CRCs and 40.8% of
CIMP-P/MSI CRCs (Figure 2). In the mutation studies,
CRCs with Annexin A10 expression showed a higher
frequency of the BRAF mutation than did CRCs with
Annexin A10 no-expression (P < 0.001).

serration (P < 0.001) and mucin production (P <
0.001).

Molecular characteristics of Annexin A10 expression

Table 2 shows molecular characteristics of CRCs
according to Annexin A10 expression. Among the
1133 CRCs, CIMP-P CRCs were detected in 63 (5.6%)
patients and MSI CRCs were found in 88 (7.8%)
patients. Annexin A10 expression was associated
with CIMP-P CRCs (P < 0.001) and MSI CRCs (P <
0.001). Sensitivity and specificity of Annexin A10
expression for detection of CIMP-P CRCs were 39.7%
and 96.2%, respectively. Positive predictive value (PPV)
and negative predictive value (NPV) of Annexin A10
expression for detection of CIMP-P CRCs were 0.38
and 0.96, respectively. In four molecular subtypes
which were generated by the combined status of CIMP
and MSI, Annexin A10 expression was observed in

WJG|www.wjgnet.com

Survival analysis

As shown using univariate survival analysis with
Kaplan-Meier survival curves, patients with Annexin
A10 expression showed worse overall survival (P =
0.004) and progression-free survival (P = 0.008) than
patients with Annexin A10 no-expression (Figure 3).
Although sample size did not get enough power to
predict clinical outcome, in stage Ⅳ CRCs, the Annexin
A10 expression group showed shorter median overall
survival (OS) (17.0 mo vs 25.3 mo, P < 0.001) and
shorter progression-free survival (PFS) (7.5 mo vs
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Figure 4 Stage-specific survival analysis according to Annexin A10 expression status. A: Overall survival for Stages Ⅰ-Ⅲ colorectal cancers (CRCs); B:
Progression-free survival of Stages Ⅰ-Ⅲ CRCs; C: Overall survival of Stage Ⅳ CRCs; D: Progression-free survival of Stage Ⅳ CRCs. ANXA10-; Annexin A10 noexpression, ANXA10+: Annexin A10 expression.

must measure the methylation status of several panels
of multiple genes using methylation-specific PCR or
[17-19]
the MethyLight assay
. However, these assays are
not easily used in daily clinical practice because these
assays require complicated work and show low cost[20]
effectiveness and inconsistent results . Therefore, an
easily applicable strong surrogate marker is required
to characterize CIMP clinically. Clear association of the
BRAF mutation and CIMP led us to consider a recently
developed BRAF V600E-specific antibody (clone
[21]
VE1) . Some studies showed excellent concordance
of immunohistochemical staining results of clone VE1
and the BRAF mutation determined by sequence
[22-24]
analysis
. However, other studies reported poor
sensitivity of clone VE1 immunostaining owing to its
[25,26]
vulnerability to pretreatment conditions
.
In a recent study, Annexin A10 was proposed
[12]
as a surrogate marker for SSA/P
and found to be

9.2 mo, p=0.010) compared with the Annexin A10
no-expression group (Figure 4). However, stages ⅠⅢ CRCs did not show a significant difference in clinical
outcome according to Annexin A10 expression status
(P = 0.500 for OS and P = 0.315 for PFS, median
survival: not reached) (Figure 4). Multivariate survival
analysis using Cox proportional hazard model in stage
Ⅳ CRCs suggested that Annexin A10 expression
could be an independent prognostic marker for
overall survival in stage Ⅳ CRCs, despite limitation of
insufficient sample size (Table 3).

DISCUSSION
CIMP is one of the molecular subtypes of CRC and
is characterized by concurrent hypermethylation of
promoter CpG islands in tumor-suppressor genes and
tumor-associated genes. To characterize CIMP, we
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Table 3 Univariate and multivariate Cox proportional hazards models for overall survival of stage Ⅳ colorectal cancers
Univariate analysis

Multivariate analysis

Variable

HR (95%CI)

P value

HR (95%CI)

P value

Differentiation (undifferentiated/differentiated)
Tumor location (proximal colon/distal colon, rectum)
Adjuvant chemotherapy (treatment/no-treatment)
Annexin A10 (expression/no-expression)
Age (yr) (≥ 65/< 65)
Gross pattern (ulcerative/fungating)
CIMP (CIMP-P/CIMP-N)
MSI (MSI/MSS)
BRAF mutation (Mt/Wt)
Sex (male/female)
KRAS mutation (Mt/Wt)

2.20 (1.31-3.72)
1.66 (1.16-2.38)
0.42 (0.27-0.66)
3.13 (1.83-5.38)
1.54 (1.10-2.15)
1.41 (1.01-1.96)
2.24 (1.24-4.06)
2.46 (1.08-5.63)
2.42 (1.12-5.19)
1.03 (0.74-1.45)
1.09 (0.75-1.58)

0.003
0.005
< 0.001
< 0.001
0.012
0.042
0.008
0.033
0.024
0.858
0.653

1.95 (1.07-3.56)
1.60 (1.06-2.42)
0.47 (0.27-0.81)
2.38 (1.18-4.83)
1.37 (0.92-2.03)
1.18 (0.81-1.71)
1.13 (0.44-2.89)
1.46 (0.44-4.86)
1.67 (0.71-3.91)
-

0.030
0.025
0.006
0.016
0.123
0.387
0.801
0.540
0.239
-

HR: Hazard ratio; CI: Confidence interval; CIMP-P: CpG island methylator phenotype-positive; CIMP-N: CpG island methylator phenotype-negative; MSI:
Microsatellite instability; MSS: Microsatellite stable; Mt: Mutant type; Wt: Wild type.

[27]

expressed even in traditional serrated adenomas .
Because SSA/P or traditional serrated adenomas are
considered to be precursor lesions of CIMP-P CRCs,
Annexin A10 expression could be another surrogate
[28]
marker for CIMP-P CRCs. In a study by Tsai et al ,
Annexin A10 was found to be expressed in 28% of
CIMP-P/MSI CRCs and 67% of CIMP-P/MSS CRCs.
Our present study showed that Annexin A10 was
expressed in 40.8% of CIMP-P/MSI CRCs and 38.9%
of CIMP-P/MSS CRCs. These results imply that nuclear
expression of Annexin A10 might be lost or reduced
during multistep carcinogenesis of some SSA/P or
another carcinogenic pathway can contribute to the
development of CIMP-P CRCs.
The clinicopathological characteristics of CRCs in
which Annexin A10 is expressed are not well known.
In this study, Annexin A10 expression was observed in
5.8% of 1133 primary surgically resected CRCs. This
result is similar to a previous study which reported
[10]
that Annexin A10 was expressed in 6% of CRCs .
[28]
Tsai et al
reported that Annexin A10 expression is
associated with right-side tumor location, moderate
to poor differentiation, Crohn-like lymphoid reaction
and lack of dirty necrosis, but there was no correlation
with mucinous differentiation, medullary histology
[29]
or tumor-infiltrating lymphocytes. Sajanti et al
reported that Annexin A10 expression was associated
with proximal tumor location, mucin production
and serrated histology, but there was no correlation
with stage and grade. In our present study, CRCs
with Annexin A10 expression were associated with
lower age at diagnosis, female sex, proximal tumor
location, advanced T, N, M category, advanced
TNM stage, absence of luminal necrosis, increased
number of tumor-infiltrating lymphocytes, luminal
serration and mucin production. Ethnic difference
and different proportion of molecular subtypes such
as CIMP and MSI might contribute to discrepancies
in clinicopathologic characteristics of Annexin A10
expression between studies. However, previous studies
[28]
had several limitations. The study of Tsai et al might
have selection bias because they included entire CRCs
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which had CIMP, MSI and BRAF mutation as a case
group, however CRCs with conventional pathway
were randomly selected as a control group. The study
[29]
of Sajanti et al
analyzed only 42.4% (146/344)
of patients who underwent surgical resection in
the enrollment period. Our present study showed
clinicopathologic characteristics of Annexin A10
expression in a large and consecutively collected CRC
patient population.
The prognostic value of Annexin A10 expression in
CRCs has not yet been reported. However, association
of Annexin A10 with poor prognostic molecular
features such as CIMP and the BRAF mutation led us
to assume that Annexin A10 was a poor prognostic
[30-32]
indicator
. In this study, stage-specific survival
analysis results showed that Annexin A10 expression
is associated with poor OS and PFS in stage Ⅳ CRCs.
Multivariate survival analysis confined to stage Ⅳ CRCs
suggested that Annexin A10 expression could be an
independent prognostic marker in advanced stage
CRCs.
This study has several limitations. First, Annexin
A10 expression was measured using TMA. Regional
heterogeneity of Annexin A10 expression was
reported, so we could not exclude the possibility of
[28]
false-negativity in Annexin A10 expression . Second,
exclusivity of Annexin A10 for sporadic MSI CRCs
is inconclusive, but we could not evaluate germline
mutation status of MMR genes (hMLH1, hMSH2,
[28,33,34]
hMSH6 and hPMS2)
. Third, the proportion of
CIMP-P, MSI and BRAF mutations in this study was low
[31,35]
compared to Western population
.
In conclusion, Annexin A10 expression has a
supportive but inconclusive role as a surrogate marker
of CIMP-P CRCs. Further studies focusing on the
molecular mechanisms of Annexin A10 expression and
its oncogenic functions in CRCs are required.
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Abstract
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AIM: To evaluate the change in spectrum of gastric
polyps in the Chinese population in the past ten years.

Author contributions: Yang YS designed the research; Fan NN,
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METHODS: A total of 157902 consecutive patients
undergoing esophagogastroduodenoscopy (EGD) from
2004 to 2013 in a tertiary hospital were retrospectively
reviewed using an EGD database. Endoscopic records
of 4043 patients diagnosed with gastric polyps were
recalled for analysis. Data including demographics,
information on polyps such as location, pathological
diagnosis, reflux esophagitis and Helicobacter pylori
infection were obtained. We focused on epithelial
polyps, especially hyperplastic polyps, fundic gland
polyps and adenomas, and histological classification of
specimens from biopsy and endoscopic polypectomy
was performed by professional pathologists, based on
the updated guidelines. To explore the age distribution
of gastric polyps over time, we divided patients with
polyps into four groups: A (aged < 30 years), B (aged
30-44 years), C (aged 45-59 years) and D (aged >
60 years). Differences in localization, age, and sex
distribution of gastric polyps were analyzed by sta
tistical software.

Informed consent statement: All patients gave signed
informed consent for EGD before the procedure.
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RESULTS: A total of 157902 EGD procedures were
performed in ten years at our digestive endoscopy
center, of which 4043 cases were diagnosed with
gastric polyps confirmed by pathology. There were
2574 (63%) female and 1469 (37%) male patients with
an average age of 54.7 years. The overall prevalence of
gastric polyps was 2.6% (4043/157902). Our database
demonstrated a rising prevalence of gastric polyps over
the decade, increasing from 1.0% (80/8025) to 4.70%
(828/17787) between 2004 and 2013. There has been
a change in the spectrum of gastric polyps with the
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bleeding, anemia, abdominal pain, and even gastric
[2-4]
outlet obstruction . Widespread use of endoscopic
examinations contributes to improving the detected
rate of gastric polyps. Endoscopic features of some
polyps may be useful for diagnosis, yet not every
polypoid lesion can be defined as a polyp unless
[5]
histopathologically confirmed . Based on histological
features, gastric polyps are classified into two groups:
neoplastic and non-neoplastic polyps with several
[6]
subtypes . Most gastric polyps are non-neoplastic,
which is different to colorectal polyps.
Hyperplastic polyps (HPPs) used to be the most
[7,8]
common polyps
, with a relative prevalence of
[1]
approximately 70% . However, results from recent
studies indicate that the prevalence of fundic gland
polyps (FGPs) has increased greatly in recent
decades. The reasons for this change remain unclear.
Some previous studies have suggested several
circumstances that may result in a spectrum change
[5]
of gastric polyps , which include expanded indications
for esophagogastroduodenoscopy (EGD), long-term
use of proton pump inhibitors (PPIs), decreasing
Helicobacter pylori (H. pylori) infection, and enhanced
health consciousness in the general population. FGPs
are reported as the most common type of polyps
[9]
detected at EGD in the United States . Although a
similar spectrum of gastric polyps is also reported
[10]
in the Northern Chinese population , few Chinese
population-based data exist. Data on the spectrum and
distribution patterns of gastric polyps in the Chinese
patient population are limited, particularly for the
dynamic observation of the spectrum of gastric polyps.
In view of this, we evaluated the spectrum of
gastric polyps in the Chinese population by reviewing
a 10-year consecutive EGD database. We also
hypothesized that location, age and sex distribution
of gastric polyps may have changed with the altered
spectrum of polyps over the past 10 years.

frequencies of FGPs increasing from 19% (15/80) to
77% (638/828) and hyperplastic polyps decreasing
from 65% (52/80) to 15% (123/828). Moreover, data
on 1921 polyps in 828 patients diagnosed with gastric
polyps in 2013 showed that FGP was the most common
type in the current polyp spectrum, making up 81.3%
(1562/1921). Location and age distribution of gastric
polyps have also altered. The prevalence of polyps
located in the antrum decreased from 37.5% (30/80)
to 9.30% (77/828), with an increasing prevalence of
polyps in the corpus, from 45% (36/80) to 64.25%
(532/828). The constituent ratio of older patients (aged
> 60 years) in the polyp population decreased from
62.5% (50/80) to 32.13% (266/828), while that of
patients aged 45-60 years showed an increased trend.
CONCLUSION: There was a shift change in the spe
ctrum of gastric polyps in the Chinese population with
altered location and age distribution in the past ten
years.
Key words: Gastric polyps; Hyperplastic polyps; Fundic
gland polyps; Adenomas; Helicobacter pylori
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies have suggested that fundic
gland polyps (FGPs) are the dominant type of gas
tric polyps rather than hyperplasic polyps. In the
Chinese population, data on the spectrum of gastric
polyps are limited, and the dynamic change in polyp
spectrum has never been evaluated on a large scale.
Hence, we retrospectively reviewed 4043 cases with
gastric polyps from 157902 patients who underwent
esophagogastroduodenoscopy in a tertiary hospital
over a 10-year period. We observed a dynamic change
in the spectrum of gastric polyps, which presented as
a shift in which FGPs rather than hyperplastic polyps
were the most common type, and the age, location
and sex distribution of gastric polyps were also altered.

MATERIALS AND METHODS
Fan NN, Yang J, Sun G, Lu ZS, Ling Hu EQ, Wang XD, Yang
YS. Changes in the spectrum of gastric polyps in the Chinese
population. World J Gastroenterol 2015; 21(33): 9758-9764
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i33/9758.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i33.9758

This study was conducted at the Digestive Endoscopy
Center of Chinese PLA General Hospital, which is a large
hospital integrating medical services, education and
research. All patients undergoing EGD in our center from
January 1, 2004 to December 31, 2013 were analyzed
retrospectively. All patients gave signed informed
consent for EGD before the procedure. Specimens from
biopsy and endoscopic polypectomy were interpreted
by a professional group of pathologists. Gastric polyps
of epithelial origin were included, while hamartomatous
polyps, polyposis syndromes and non-mucosal intra
mural polyps were excluded. In particular, the study
population excluded patients with esophageal, gastric or
esophagogastric varices who underwent EGD, intended
mainly for treatment with endoscopic cyanoacrylate
injection, sclerotherapy or endoscopic variceal liga
tion, which is a characteristic endoscopy technique

INTRODUCTION
Polyps are defined as protuberant lesions into the
lumen originating in the epithelium or submucosa,
which are characterized as sessile or pedunculated,
[1]
sporadic, or part of a syndrome . Gastric polyps
are usual finding under endoscopic exam and most
patients are asymptomatic. However, larger gastric
polyps may result in some symptoms, such as
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over the 10-year review period. The study population
comprised patients referred for various indications.
Among these, 4043 (2.60%) cases were diagnosed
with gastric polyps by pathology. The average age
and sex distribution of patients with gastric polyps
are shown in Table 1. There were 2574 (63%) female
and 1469 (37%) male patients, with a mean age of
54.7 years (range: 8-92 years). Either FGP or HPP
was significantly more frequent in women with a sex
ratio of 1.39:1 and 1.32:1, respectively. However, only
adenomas were predominant in men, with a male-tofemale ratio of 3.69:1.0.
The incidence of H. pylori infection in patients with
gastric polyps diagnosed by pathology was 4.60%
(186/4043). Among 1019 patients with HPPs, 59
(5.79%) patients were pathologically confirmed to
have H. pylori infection, which was significantly more
common than that in the FGP (4.0%) and adenoma
(1.33%) groups (P = 0.005). 293 (10.70%) patients
with FGPs were diagnosed with reflux esophagitis
(RE), which was higher than those without FGPs, yet
there was no difference in the various types of gastric
polyps. Information on dysplasia in FGPs, HPPs and
adenomas was recorded, in terms of the malignant
potential of different types of polyps causing differing
consequences for patients. Dysplasia occurred in
various types of gastric polyps. Notably, dyspepsia
was detected in 45 of 75 patients with adenomas, and
high-grade intraepithelial neoplasia was confirmed in
23 cases, which was significantly higher than for other
types of gastric polyps (60% vs 8.81%, P < 0.001;
60% vs 0.15%, P = 0.0000; 60% vs 0.68%, P =
0.0000).
To explore the dynamic changes in age and sex
distribution of gastric polyps, we also analyzed data
on gastric polyp yield from EGD from 2004 to 2013
(Table 2). The average age of patients with polyps (54.7
years) was higher than the entire patient population
(51.4 years). The average age of patients with gastric
polyps showed a decreasing trend, from 59.6 years in
2004 to 54.7 years in 2013. A female predominance in
the polyp population was present, with the highest sex
ratio of 2.12:1.0. Moreover, the incidence of H. pylori
in the polyp population decreased significantly from
8.75% (7/80) to 4.23% (35/828) (P = 0.2057), while
the prevalence of reflux esophagitis rose from 1.25%
(1/80) to 11.35% (94/828) (P = 0.0048).

Table 1 Overall demographics of gastric polyps, fundic gland
polyps, hyperplastic polyps and adenomas n (%)
GP

FGP

HPP

Adenomas

Age (yr)
54.7 ± 12.9
53.9 ± 12.6
55.2 ± 13.3
66.4 ± 10.1
(mean ± SD)
Gender
2574:1469
1190:857
580:439
16:59
(1.75:1)
(1.39:1)
(1.32:1)
(1:3.69)
(F/M)
Helicobacter
186/4043
82/2047
59/1019
1/75
(4.60)
(4.0)
(5.79)
(1.33)
pylori
infection rate
Reflux
356/4043
219/2047
39/1019
(8.81)
(10.70)
(3.83)
esophagitis
incidence
Dysplasia
68/4043 (1.68) 3/2047 (0.15) 14/2047 (0.68) 45/75 (60)
HIN
25/4043 (0.62)
23/75 (31)
GP: Gastric polyp; FGP: Fundic gland polyp; HPP: Hyperplastic polyp.

Table 2 Demographics, prevalence and sex distribution of
gastric polyps in the past 10 years n (%)
Year

Cases

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
Total

80
74
140
218
275
462
496
664
806
828
4043

Age (yr)
(mean ± SD)

Gender (M/F)

Prevalence

59.6 ± 14.7
57.5 ± 11.4
55.6 ± 10.7
52.7 ± 11.3
53.3 ± 10.7
54.8 ± 13.1
54.7 ± 12.8
54.5 ± 12.5
54.8 ± 12.9
54.6 ± 12.1
54.7 ± 12.9

48:32 (1.5:1)
34:40 (1:1.18)
57:83 (1:1.46)
93:125 (1:1.34)
105:160 (1:1.52)
171:291 (1:1.70)
183:313 (1:1.71)
223:441 (1:1.98)
284:522 (1:1.83)
271:575 (1:2.12)
1469:2574 (1:1.75)

80/8025 (1.0)
74/10739 (0.7)
140/13814 (0.8)
218/17372 (1.3)
275/17941 (1.5)
462/18364 (2.5)
496/17125 (2.9)
664/17893 (3.7)
806/18842 (4.7)
828/17787 (4.7)
4043/157902 (2.6)

performed in our department.
Information on patients and polyps were obtained
from endoscopy reports, which included age, sex, and
location of gastric polyps, and histological diagnosis.
Histological classification was carried out according
to an updated classification suggested in the 2010
guidelines of the British Society of Gastroenterology
[11]
(BSG) . Gastric polyps of epithelial origin mainly
include HPPs, FGPs, and adenomas. We focused on
epithelial polyps, especially HPPs, FGPs and adenomas,
which are classic gastric polyps. Infection with H. pylori
was diagnosed by histology.

Statistical analysis

All statistical calculations were performed with SPSS
version 15.0. Mean and standard deviation (SD)
were used to describe continuous variables, while
percentages were used for discrete variables. The
significance of possible associations between discrete
2
variables was assessed by the Pearson χ test.

Prevalence and distribution of various types of gastric
polyps

Among the 4043 cases with documented true polyps
(both endoscopically and histologically identified),
2647 cases were diagnosed with FGPs, followed by
HPPs (1019 cases), with adenomas detected only in 75
cases, and the remaining 302 cases were diagnosed
with other types of gastric epithelial polyps, including
polyps that could not be classified into definite types.
The relative prevalence of FGPs, HPs and adenomas

RESULTS
Demographic characteristics of gastric polyps

We performed a total of 157902 EGD procedures
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Changes of the relative prevalence of gastric polyps

Regional distribution of gastric
polyps in the past 10 years
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Figure 3 Regional distribution of gastric polyps in the past ten years.
There was a progressive shift toward the corpus in the regional distribution
of gastric polyps over the past 10 years. The detection rate of gastric polyps
located in the corpus increased from 45% (36/80) to 64.25% (532/828), and
polyps in the antrum, pylorus and angle deceased from 37.5% (30/80) to 9.30%
(77/828).

Changes of H. pylori infection rate, RE
incidence and Gastric polyps prevalence

0.0000). In order to re-evaluate the current spectrum
of gastric polyps, we analyzed 1921 gastric polyps
from 828 patients in 2013, of which 1561 were FGPs,
213 HPs, and 6 adenomas. FGP was confirmed as the
most common type in the current polyp spectrum,
comprising up to 81.30% (1562/1921).

H. pylori infection rate
RE incidence
Gastric polyp prevalence

Percentage (%)

07

t /year

Figure 1 Changes in the relative prevalence of gastric polyps. The relative
prevalence of FGPs increased with a decrease in HPPs, and no significant
change in the prevalence of adenoma in the past ten years. FGP: Fundic gland
polyp; HPP: Hyperplastic polyp.
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Location and age distribution of gastric polyps

5

Moreover, we analyzed the regional distribution of
gastric polyps over the past ten years. In our patient
population, most gastric polyps were detected in the
corpus and fundus (Figure 3). There was a progressive
shift toward the corpus in the regional distribution of
gastric polyps (45% vs 64.25%, P = 0.0007).
We divided patients with gastric polyps into four
groups according to their age: Group A (aged < 30
years), Group B (aged 30-44 years), Group C (aged
45-59 years), and Group D (aged > 60 years). Overall,
of 4043 cases, 1395 (34.5%) were aged > 60 years,
with 17.29% and 44.99% in the younger age Groups
B and C, respectively. Altered age distribution of
gastric polyps was observed (Table 3). Patients aged
45-59 years comprised nearly half (44.99%) of the
entire polyp population in 2013, while patients aged
> 60 years were predominant in the polyp population
before 2006 (41.43% vs 32.13%, P = 0.031). Gastric
polyps were rarely detected in patients aged < 30
years, comprising only 3.22 % of patients with gastric
polyps.

0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

t /year

Figure 2 Changes in Helicobacter pylori infection rate, reflux esophagitis
(RE) incidence and gastric polyp prevalence. There was a gradual increase
in the prevalence of gastric polyps from 2004 (1.0%, 80/8025) to 2013 (4.7%,
828/17787), with an increased incidence of reflux esophagitis and a decrease
in Helicobacter pylori infection rate in the overall patient population. RE: Reflux
esophagitis.

in this decade are described in Figure 1. The overall
prevalence of FGPs, HPs and adenomas was 65%
(2647/4043), 25% (1019/4043) and 1.9% (75/4043),
respectively. There was an increase in the prevalence
of gastric polyps on EGD in the past 10 years, which
rose from 1.0% (80/8025) to 77% (638/828) (P
= 0.0000) (Figure 2). FGP has become the most
common type of gastric polyp rather than HPP. Figure
1 indicates that the relative frequencies of FGPs and
HPs have also altered, increasing from 19% (15/80) to
77% (638/828) (P = 0.0000) for FGPs, and decreasing
from 65% (52/80) to 15% (123/828) for HPPs (P =
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confirmed by more data from other countries.
In the present study, the polyp spectrum changed,
with an increasing prevalence of FGPs. Several factors
may explain this change. Although the relationship
between PPI intake and FGP development remains
[18-22]
controversial
, a series of studies support the role
[21,23,24]
of long-term PPI intake in the genesis of FGPs
.
The increased incidence of gastroesophageal reflux
disease and socioeconomic development in China
has resulted in more individuals taking PPIs, and an
increase in PPI-related FGPs. Our data indicated that
there were significant differences in the incidence of
reflux esophagitis under endoscopy in patients with
FGPs compared with gastric polyps overall and those
with HPPs. It is notable that the incidence of reflux
esophagitis in patients with gastric polyps overall
showed an increasing annual trend, which coincided
with the increased detection rate of FGPs. This finding
suggests a positive association between FGPs and
reflux esophagitis, given that patients with reflux
esophagitis tend to use PPIs for prolonged periods,
while the latter (PPIs) has been associated with
[24,25]
FGPs in a series of studies
. In the latest study
performed in the USA, reflux disease was also reported
to be significantly more common in patients with
[17]
fundic gland polyps . Thus, our data may indirectly
support a possible correlation between PPIs and FGPs.
However, we could not obtain information on the use of
PPIs in this retrospective study, and our observations
could not demonstrate a clear correlation between
PPIs or reflux esophagitis and FGPs. Hence, further
investigations are needed to determine the role of PPIs
in the genesis of sporadic FGPs. The decrease in H.
pylori infection may be another important factor, which
[26-29]
is reported to be negatively associated with HPPs
.
Most gastric HPPs disappear after eradication of H.
pylori, therefore the decrease in infection may have
led to a decrease in the prevalence of HPPs, which was
confirmed in our study.
Few previous studies have addressed the pre
valence of gastric polyps in different age groups. We
demonstrated altered location and age distribution
of gastric polyps over the past decade in the present
study. Advances in digestive endoscopy techniques
and enhanced health awareness have extended
the indications for EGD. As a result, EGD has been
performed in younger individuals, and gastric polyps
have been detected at an early age. HPPs were most
[30]
common in the antrum , while FGPs were most
[31]
common in the fundus and upper corpus , thus the
regional distribution of gastric polyps has changed with
the spectrum. Our data demonstrate that adenomas
are most common in elderly male patients, and have
a high malignant potential with dysplasia occurring
in 60% of cases, indicating that endoscopists should
be aware of the presence of adenomas with high
malignant potential in that population.
The present study was conducted in a tertiary
hospital center over a long period of time, with large

Table 3 Age distribution of gastric polyps in the past 10
years n (%)
Year

Group A

Group B

Group C

Group D

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
Total

3/80 (3.8)
1/74 (1.35)
5/140 (3.57)
12/218 (5.5)
14/275 (5.09)
13/462 (2.81)
10/496 (2.02)
22/664 (3.31)
28/806 (3.47)
22/828 (2.66)
130/4043 (3.22)

10/80 (12.5)
13/74 (17.57)
22/140 (15.71)
51/218 (23.4)
54/275 (19.26)
89/462 (18.75)
93/496 (19.64)
97/664 (14.61)
131/806 (16.25)
139/828 (16.69)
699/4043 (17.29)

17/80 (21.25)
24/74 (32.43)
55/140 (39.29)
88/218 (40.37)
121/275 (44)
195/462 (42.21)
229/496 (46.17)
329/664 (49.55)
360/806 (44.67)
401/828 (48.43)
1819/4043(44.99)

50/80 (62.5)
36/74 (48.65)
58/140 (41.43)
67/218 (30.73)
86/275 (31.27)
165/462 (35.71)
164/496 (33.06)
216/664 (32.53)
287/806 (35.61)
266/828 (32.13)
1395/4043 (34.5)

in a tertiary hospital over a 10-year period, which
provided the first large-scale consecutive data on
gastric polyps in the Chinese population in the past ten
years. This is also the first report on the prevalence,
location and sex distribution of gastric polyps in the
Chinese population. The prevalence of gastric polyps
[5,12]
on EGD ranges between 3.00% and 6.35%
,
which varies widely among published series, and
[13]
correlates closely with the patient population . In
the present population, there was a gradual increase
in the prevalence of gastric polyps in this decade, with
the overall prevalence of 2.60% and 4.7% in 2013,
respectively. Our data demonstrate the change in
the spectrum of gastric polyps in China, with altered
location and sex distribution. FGPs rather than HPPs
are now the most common type of gastric polyps.
Furthermore, there was an increasing age-speciﬁc
prevalence of polyps in patients aged 45-59 years in
this decade. We also confirmed a progressive shift
towards the corpus in the regional distribution of
gastric polyps. Gastric polyps occurred most frequently
in the corpus of female patients aged 45-60 years,
while adenomas were more frequent in the antrum of
male patients aged > 60 years.
We compared our data with those from previous
[1,5,10,14-17]
studies in China and other countries
(Table
4). The most significant difference in these studies
of different populations was the relative proportion
of FGPs. These differences may have been due to
different populations, study design and methods, and
time of study. Our data show a similar spectrum of
polyps to that seen in a previous study in the Northern
[10]
[5]
Chinese population
and in the USA . In particular,
the relative proportion of FGPs in the present study
was consistent with that in the US study, which was
up to 77% of gastric polyps. Our ten-year consecutive
data on the relative proportion of FGPs suggest that
FGPs have become the most predominant type since
2008. Moreover, the studies from the USA and China
conducted after 2008 showed a similar spectrum
of polyps. This phenomenon is believed not to be
coincidental, and supports the notion that there has
been a change in the spectrum of gastric polyps
in western countries and China, and needs to be
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Table 4 Spectra of gastric polyps in previous and current studies
Ref.
Deppisch et al[7]
Stolte et al[12]
Sivelli et al[13]
Gencosmanoglu et al[14]
Morais et al[1]
Carmack et al[5]
Cao et al[10]
Cao et al[10]
The present study
The present study
Sonnenberg et al[17]

Country

Pub. year

Years

Prevalence of polyps

No. of
polyps

Median age
(yr)

Gender
(F/M)

FGP

HPP

Adenoma

United States
Germany
Italy
Turkey
Brazil
United States
China
China
China
China
United States

1989
1994
2002
2003
2007
2009
2000
2010
2004-2013
2013
2015

10
20
6
5
5
1
1
1
10
1
1

-

121
5515
164
150
153
7877
68
183
4043
828
71575

NR
61.4
53
64
56
56.8
55.9
54.7
54.6
-

NR
01:01.5
1.4:1
01:01.4
1.4:1
1.7:1
2.0:1
1.75: 1
2.12:1
2.03:1

17%
47%
NR
14%
16.3%
77%
8.8%
66.1%
65%
75%
79.9%

75%
28.3%
44.5%
64%
71.3%
17%
48.5%
20.8%
25%
17%
18.6%

8.6%
9%
16.4%
3%
12.4%
0.7%
14.7%
4.9%
1.9%
0.5%
0.92%

153/26000 (0.59%)
7877/121564 (6.35%)
68/6784 (1.0%)
183/17337 (1.0%)
183/157902 (2.60%)
828/17787 (4.7%)
71575 /927137 (7.72%)

NR: Not reported; GP: Gastric polyp; FGP: Fundic gland polyp; HPP: Hyperplastic polyp.

procedures. The prevalence of gastric polyps varies widely among published
studies, and correlates closely with the patient population. An altered spectrum
of gastric polyps in the Western population has been reported, yet data from the
Chinese population are limited.

numbers of patients from different geographic areas in
China, ensuring satisfactory representation of the entire
nation in the results. However, this was a retrospective
study and not a population-based screening study,
therefore, when interpreting these data some factors
should be taken into consideration. First, it was not a
screening study based on an asymptomatic population
undergoing EGD, and the study population comprised
patients referred for various indications, and not all
patients diagnosed with polyps or polypoid lesions
by endoscopy accepted biopsy, thus the prevalence
of polyps addressed in our study does not represent
the true incidence in the entire population. Second,
during the 10-year period, the guidelines for EGD and
therapeutic trends have been updated. The biases
of the population studied including socioeconomic,
demographic and genetic characteristics should also
be considered when comparing data from this study
with previous studies. Lastly, H. pylori infection was
diagnosed by pathology, which has a low sensitivity,
resulting in a lower incidence of infection than the true
situation.
In summary, the detection rate of gastric polyps
in the Chinese population has gradually increased
with widespread use of EGD in the recent decade.
The spectrum of gastric polyps has changed, with
FGPs rather than HPPs as the most common type of
polyp. Widespread use of PPIs and decreased H. pylori
infection may explain this change. Location and age
distribution of gastric polyps have also been altered
with the changed spectrum, where an increased
number of polyps were detected in the corpus and a
decreased proportion of patients aged > 60 years had
polyps. These findings may allow us to explore the
underlying factors associated with gastric polyps, and
provide better endoscopic surveillance for the general
population, especially in patients with gastric polyps.

Research frontiers

Hyperplasic polyps were the most common type of gastric polyps. However,
recent studies suggest a shift towards fundic gland polyps, which may
be associated with several circumstances such as widespread use and
expanded indications for endoscopic examinations, increased incidence of
gastroesophageal reflux disease, and frequent intake of proton pump inhibitors.

Innovations and breakthroughs

The present study provides the first large-scale consecutive data on gastric
polyps in the Chinese population over a 10-year period. It also provides
information on the prevalence, location and sex distribution of gastric polyps in
the Chinese population.

Applications

Evaluation of the dynamic change in the spectrum, location and age distribution
of gastric polyps can help determine the underlying factors associated with
gastric polyps, and provide better endoscopic surveillance for the general
population, especially patients with gastric polyps.

Terminology

Polyps are defined as protuberant lesions into the lumen originating in the
epithelium or submucosa, which are characterized as sessile or pedunculated,
sporadic, or part of a syndrome. Gastric polyps can be classified into various
types, and hyperplastic polyps, fundic gland polyps and adenomas are
common.

Peer-review

This is one of the largest series of the last years, providing a clear picture of
epidemiology of gastric polyps in China, and underlines the correlation between
type of polyps, location, age and associated pathologies. Moreover, a dynamic
change in spectrum of gastric polyps is described. However, an obvious
limitation is the retrospectivity of the present study, and further prospective
studies should be encouraged.
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AIM: To investigate the relationship among pretreat
ment serum CXC chemokine ligand 10 (CXCL10),
thyroid peroxidase antibody (TPOAb) levels and thyroid
dysfunction (TD) in Chinese hepatitis C patients.

Institutional review board statement: The study was reviewed
and approved by Peking University People Hospital Institutional
Review Board.

METHODS: One hundred and thirty-nine treatmentnaive genotype 1 chronic hepatitis C patients with no
history of TD or treatment with thyroid hormones were
enrolled in this study. Patients underwent peginterferon
alfa-2a/ribavirin (PegIFNα-2a/RBV) treatment for 48
wk, followed by detection of clinical factors at each
follow-up point. Hepatitis C virus (HCV) antibodies
were analyzed using microsomal chemiluminescence,
and serum HCV RNA was measured by real-time PCR
assay at 0, 4, 12, 24 and 48 wk after the initiation of
therapy and 24 wk after the end of therapy. To assess
thyroid function, serum thyroid stimulating hormone
(TSH), free thyroxine (FT4), free triodothyronine (FT3)
and TPOAb/thyroglobulin antibody (TGAb) levels were
determined using chemiluminescent immunoassays
every 3 mo. Serum CXCL10 levels were determined at
baseline.
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informed written consent prior to study enrollment.
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RESULTS: The prevalence of TD was 18.0%. Twentyone (84.0%) out of twenty-five patients exhibited
normal thyroid function at week 24 after therapy. The
rate of sustained virological response to PegIFNα2a/RBV in our study was 59.0% (82/139), independent
of thyroid function. Pretreatment serum CXCL10 levels
were significantly increased in patients with euthyroid
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to dose reductions in up to 40% of patients and drug
[5]
discontinuation in 14% of patients . Thyroid diseases,
such as the emergence of thyroid autoantibodies (TAs)
and thyroid dysfunction (TD), are common in CHC
patients and represent extrahepatic manifestations of
[6,7]
HCV infection . Subclinical thyroiditis occurs in 20%
to 40% of CHC patients, and clinical thyroiditis occurs
[8]
in 5% to 10% of CHC patients . TD may result from
IFN-based therapy. In some cases, IFN-induced TD
may lead to the discontinuation of IFN therapy, thus
representing a major clinical problem in hepatitis C
[8]
patients receiving IFN-α therapy . IFN-α-related TD
has been widely investigated, and preliminary studies
have suggested that there are at least two different
models by which IFN-α may induce TD: immunemediated effects or direct toxicity to the thyroid. IFN-α
exerts various effects on the immune system, many of
which may lead to the development of autoimmunity.
Upon culture with human thyroid follicular cells,
type Ⅰ IFNs inhibit thyroid-stimulating hormone (TSH)
-induced gene expression of thyroglobulin (TG),
thyroperoxidase (TPO), and sodium iodide symporter
(NIS). This study assessed TSH receptor, TG, and TPO
gene expression levels in a rat thyroid cell line, and
the results demonstrated that IFN-α has a direct toxic
effect on the thyroid. Chronic HCV infection appears to
play a significant role in triggering thyroiditis among
[8,9]
IFN α-treated patients .
CXC chemokine ligand 10 (CXCL10 or IP-10), a
member of the CXC chemokine family, is expressed
in the liver of CHC patients and selectively recruits
[10]
activated T cells to inflammatory sites . Evidence
also indicates that circulating CXCL10 levels in
crease in HCV-infected patients with autoimmune
[11]
thyroiditis , potentially because CXCL10 recruits
T-helper (Th) 1 lymphocytes. These cells secrete IFN-γ
and tumor necrosis factor (TNF), promoting further
CXCL10 secretion and perpetuating the autoimmune
[12,13]
process
.
Although most thyroid autoimmunity cases exhibit
no clinical symptoms, they are often characterized by
the expression of thyroid antibodies (TAs), including
thyroperoxidase antibody (TPOAb) and thyroglobulin
antibody (TGAb). Data from pooled studies revealed
that the risk of developing TD in CHC patients with
baseline TAs positivity was 46.1%; whereas this risk
[14]
was only 5.4% in TAs-negative CHC patients . Our
preliminary results indicate that the positive TPOAb
IgG2 subclass was a risk factor for TD in untreated
HCV patients, and may play an important role in TD
[15]
development in CHC patients . The appearance of
TPOAb before treatment was a strong indicator of
subsequent TD for CHC patients receiving PegIFNα2a/RBV combination therapy. Female and TAs-positive
patients were also more likely to develop TD during
[9]
IFNα/RBV therapy .
Previous investigations showed that the addition of
RBV to IFN-α therapy in HCV patients could increase

status compared with patients with TD (495.2 ± 244.2
pg/mL vs 310.0 ± 163.4 pg/mL, P = 0.012). Patients
with TD were more frequently TPOAb-positive than
non-TD (NTD) patients (24.2% vs 12.3%, P = 0.047) at
baseline. Three of the one hundred and fifteen patients
without TPOAb at baseline developed TD at the end
of treatment (37.5% vs 2.6%, P = 0.000). Female
patients exhibited an increased risk for developing TD
compared with male patients (P = 0.014).
CONCLUSION: Lower pretreatment serum CXCL10
levels are associated with TD, and TD prevalence
increases in female patients and patients who are
positive for TPOAb at baseline.
Key words: Thyroid dysfunction; Thyroid peroxidase
antibody; CXC chemokine ligand 10; Peginterferon alfa2a/ribavirin; China
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present novel data on the influence of
peginterferon alfa-2a/ribavirin (PegIFNα-2a/RBV) on
thyroid function in Chinese genotype 1 hepatitis C virus
(HCV)-infected patients over a 48-wk treatment period.
The results demonstrate that the prevalence of thyroid
dysfunction (TD) was 18.0%. Lower pretreatment
serum CXCL10 levels were associated with PegIFNα-2a/
RBV induced TD in genotype 1 HCV-infected patients,
and female patients exhibited an increased risk for
developing TD compared with male patients. Baseline
TPOAb positivity may also be a risk factor for TD
development. However, most (84%) of the TD cases
were reversible. To our knowledge, this is the first
study to investigate the association of CXCL10 levels
with PegIFNα-2a/RBV induced TD in genotype 1 HCVinfected patients in China.
Zhang RW, Shao CP, Huo N, Li MR, Xi HL, Yu M, Xu XY.
Thyroid dysfunction in Chinese hepatitis C patients: Prevalence
and correlation with TPOAb and CXCL10. World J Gastroenterol
2015; 21(33): 9765-9773 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i33/9765.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i33.9765

INTRODUCTION
Of the estimated 185 million people infected with
hepatitis C virus (HCV) worldwide, 350000 die each
[1,2]
year . Currently, the standard treatment for chronic
hepatitis C (CHC) patients in China is peginterferon
and ribavirin in combination (PegIFNα-2a/RBV), with
sustained virological response (SVR) rates of 54% to
[3,4]
80% .
Despite its success, interferon-alpha (IFN-α) has a
well-documented side effect profile, including influenzalike symptoms, and hematologic abnormalities lead
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Laboratory assessment

[16]

the risk of developing hypothyroidism . However, it
is not clear whether the addition of RBV affects the
emergence of other TDs. Most studies have focused
on the effects of combination therapy with standard
IFN-α and RBV on the thyroid gland and demonstrated
that the risk for developing TD during IFN-α therapy is
closely correlated with mixed HCV genotype infection
and lower HCV RNA levels, female gender, and
[9]
pretreatment positivity for TAs (particularly TPOAb) .
Corresponding data on PegIFNα-2a/RBV induced TD in
genotype 1 HCV-infected patients in China are rare and
the related factors have not yet been fully elucidated.
In the present study, we investigated the relation
ship among TPOAb, pretreatment serum CXCL10
levels and the occurrence of PegIFNα-2a/RBV induced
TD in patients with genotype 1 HCV infection in China.

All patients fasted for 12 h prior to blood tests. Alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), total and direct bilirubin (TBIL and DBIL), and
albumin (ALB) were determined using an automatic
[18]
biochemical analyzer . HCV antibodies were analyzed
using microsomal chemiluminescence (Abbott Diagnostics
[19]
Division) , and serum HCV RNA was measured by
real-time PCR assay (COBAS Taqman HCV Test; Roche
Molecular Systems, Pleasanton, CA) at 0, 4, 12, 24 and
48 wk after the initiation of therapy and 24 wk after the
end of therapy.
To assess thyroid function, serum TSH, TPOAb/
TGAb, free thyroxine (FT4) and free triodothyronine
(FT3) levels were determined using chemiluminescent
immunoassays every 3 mo. Briefly, assay kits for TSH,
FT3, and FT4 were purchased from ADVIA Centaur
(Bayer Healthcare Diagnostics) and the kit for TPOAb/
TGAb was from IMMULITE 1000 (Diagnostic Products
Corporation, Los Angeles, CA, United States). The
normal range of each assay was as follows: TSH,
0.35-5.5 μIU/mL; FT3, 3.50-6.50 pmol/L; and FT4,
11.48-22.70 pmol/L.
Clinical hypothyroidism was defined as a serum
TSH level greater than 5.5 μIU/ml and a FT4 level
less than 11.48 pmol/l. Clinical hyperthyroidism was
diagnosed when TSH was less than 0.35 μIU/mL and
FT4 was greater than 22.7 pmol/L and/or FT3 was
greater than 6.5 pmol/L. Subclinical hypothyroidism
or hyperthyroidism was diagnosed when serum TSH
levels were greater than 5.5 μIU/mL or less than 0.35
μIU/mL, respectively, with normal FT3 and FT4 levels.
TAs were considered positive when TPOAb ≥ 35 IU/
[15]
mL or TGAb ≥ 40 IU/mL .

MATERIALS AND METHODS
Ethics statement

This study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved
by the ethics committee of Peking University People
Hospital. Written informed consent was obtained
from all participant subjects. Biological and behavioral
information was linked anonymously to protect the
participants’ privacy. This procedure was approved by
the ethics committee.

Patients

Two hundred and sixty CHC patients who visited the
Department of Infectious Diseases, Peking University
First Hospital from September 2009 to June 2011
were included in this study. These patients came
from five different regions of China (Beijing, Hebei
province, Henan province, Heilongjiang province and
Shanxi province), and the criteria for CHC diagnosis
followed the Guideline of Prevention and Treatment
[17]
of Hepatitis C . All patients had compensated liver
disease without cirrhosis, but never received hepatitis
C treatment. Patients with hepatitis B virus (HBV)
infection, or human immunodeficiency virus (HIV)
infection and those who were pregnant or using
amiodarone or lithium were excluded. HCV patients
with other autoimmune disorders or treated with
immuno-modulant drugs were also excluded. Further
screening excluded 25 patients with a history of
thyroid gland dysfunction, 80 patients who previously
received IFN-α treatment and 26 patients who were
not infected with genotype 1 HCV. A total of 139 HCV
genotype 1 treatment-naïve patients were enrolled in
the final study. All participants included had euthyroid
status and never received thyroid hormone treatment.
All enrolled CHC genotype-1 patients received a
weekly 180 μg subcutaneous dose of PegIFNα-2a and
a daily 600-1000 mg (according to body weight) dose
of RBV for 48 wk.

WJG|www.wjgnet.com

Serum CXCL10 measurements

Serum CXCL10 levels were measured prior to treatment
using the Quantikine human CXCL10 immunoassay (RD
Systems, Minneapolis, MN, United States). All blood
samples were stored at -80 ℃ until use in assays.
These samples were diluted 1:2 with Calibrator Diluent
RD6Q solution and analyzed in duplicate. The linear
dynamic range for CXCL10 measurement in this assay
was 7.8 to 500 pg/mL.

Statistical analysis

Categorical variables were compared between the
2
groups using the χ test or the Fisher’s exact test.
Continuous variables were assessed using Student’s
t-test or the Mann-Whitney U test. Differences with a
two-tailed P-value < 0.05 were considered statistically
significant. Statistical analyses were conducted using
SPSS version 16.0 (SPSS Inc, Chicago, IL, United States).

RESULTS
General information about the patients

The demographic characteristics of the 139 CHC
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of TPOAb positivity in TD patients were significantly
increased compared with NTD patients (AST levels:
P = 0.018; TPOAb positivity: 24.2% vs 12.3%, P =
0.047). However, no significant differences in ALT,
TBIL, DBIL, ALB, HCV RNA levels, or the percentage
of TGAb-positive patients were noted between the TD
and NTD groups (P > 0.05).
In our study, pretreatment serum CXCL10 levels
were significantly increased in patients with euthyroid
status compared with TD patients (495.2 ± 244.2
pg/mL vs 310.0 ± 163.4 pg/mL, P = 0.012) (Figure
1A). Although pretreatment serum CXCL10 levels
were increased in TPOAb-positive vs TPOAb-negative
patients, no significant differences were detected.
(TPOAb positive/negative: 542.5 ± 107.2 pg/mL vs
442.3 ± 249.8 pg/mL, P = 0.433) (Figure 1B).
The percentages of patients positive for TPOAb
and/or TGAb were 17.3% (24/139) at baseline and
22.3% (31/139) at the end of treatment (Table 4).
Nine of twenty-four patients with TPOAb/TGAb at
baseline developed TD. By contrast, three (one male
and two females) of one hundred and fifteen patients
without TPOAb/TGAb at baseline developed TD at the
end of the treatment (37.5% vs 2.6%, P = 0.000).

Table 1 Demographic characteristics of the enrolled population
at baseline
n = 139
Gender (%, male/female)
Age (yr)1
HCV RNA (log10, IU/mL)2
ALT (IU/L)2
AST (IU/L)2
TBIL (μmol/L)2
DBIL (μmol/L)2
ALB (g/L)1
Positive antibodies (%, TPOAb/TGAb)

50.4/49.6
46.8 ± 14.0
6.3 (3.0, 7.74)
60.0 (10, 527)
46.0 (16.0, 264)
16.1 (5.0, 150)
4.51 (0.48, 108)
42.57 ± 4.16
15.8%/8.6%

mean ± SD; 2median (minimum, maximum). TBIL: Total bilirubin; DBIL:
Direct bilirubin; TP: Total protein; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; ALB: Albumin; TPOAb: Thyroid peroxidase
antibody; TGAb: Thyroglobulin antibody.
1

patients enrolled in the study are presented in Table
1. In total, 70 male and 69 female CHC patients, with
a mean age of 46.8 ± 14.0 years, participated in this
study. Twenty-four (17.3%) patients were TPOAb and/
or TGAb positive (TPOAb: 15.8%; TGAb: 8.6%). Nine
out of twenty-five patients with TD were TAs positive,
and the ratio of TPOAb to TGAb was 8:3.

DISCUSSION

Prevalence of TD

The overall prevalence of thyroid abnormities was
18.0% (5.0% in men and 13.0% in women) during
the therapy. Following 48 wk of exposure to PegIFNα2a/RBV, 25 out of 139 patients developed TD,
including 7 (6 females and 1 male) with subclinical
hyperthyroidism, 16 (10 females and 6 males) with
subclinical hypothyroidism and 2 female patients with
hypothyroidism. Table 2 summarizes the findings
from the patients who had chronic hepatitis C and
developed PegIFNα-2a/RBV-induced TD. Clinical
hypothyroidism (1.4%) and subclinical hypothyroidism
(11.5%) were more frequent than clinical hyperthy
roidism and subclinical hyperthyroidism (5.0%). Of
these 25 patients, 15 developed TD at 24 wk of the
therapy, including 9 with subclinical hypothyroidism,
5 with subclinical hyperthyroidism and 1 with
hypothyroidism. An additional 2 patients developed
subclinical hyperthyroidism at week 36 of the
therapy. At 48 wk of the therapy, 3 patients with
subclinical hypothyroidism and 1 patient with overt
hypothyroidism were observed. In patients with overt
hypothyroidism, we began L-thyroxine treatment,
which halted TD progression. In 21 (84.0%) out of 25
patients, normal thyroid function was restored at 24
wk after the end of therapy. PegIFNα-2a/RBV SVR rate
was 59.0% (82/139), independent of thyroid function.

We present novel data regarding the influence of
PegIFNα-2a combined with RBV on thyroid function in
Chinese adult genotype 1 HCV-infected patients over
a 48-wk treatment period. The results demonstrate
that the prevalence of thyroid abnormities was 18.0%,
and lower pretreatment serum CXCL10 levels were
associated with PegIFNα-2a/RBV induced TD. The
prevalence of TD was increased in female patients and
those who were TPOAb-positive at baseline. However,
most (84%) of the TD cases were reversible. To our
knowledge, this is the first study to investigate the
association of CXCL10 levels with PegIFNα-2a/RBVinduced TD in genotype 1 HCV-infected patients in
China.
In our study, the PegIFNα-2a/RBV SVR rate was
59.0% (82/139), independent of thyroid function.
After 48 wk of PegIFNα-2a/RBV treatment, 25 out
of 139 patients developed TD, including 16 patients
with subclinical hypothyroidism, 7 with subclinical
hyperthyroidism and 2 with hypothyroidism. Although
a previous study reported that hypothyroidism was
[20,21]
the most common type of TD induced by IFN
,
subclinical hypothyroidism was most prevalent in
our study. This discrepancy may be explained by
differences in patient ethnicities, genetic backgrounds
and the type of IFN used.
IFN-associated thyroid disease was first reported
in 1985 when three cases of hypothyroidism were
observed in breast cancer patients who received IFN
[22]
α treatment . Studies report an incidence of TD
during IFN-α plus RBV combination therapy of 4.7% to
[23]
27.8% , which may result from immune activation

relationships among TPOAb, TD and CXCL10

Table 3 presents the baseline characteristics of the CHC
patients with TD and NTD. Female patients exhibited
an increases risk for TD development compared with
male patients. Serum AST levels and the frequency
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Table 2 Summary of thyroid dysfunction induced by pegylated interferon-a2a and ribavirin
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Gender

Age
(yr)

Diagnosis time

53
61
42
40
46
56
56
44
41
45
39
28
53
50
51
18
43
21
38
28
42
33
70
21
66

12th wk
48th wk
24th wk
24th wk
24th wk
24th wk
48th wk
48th wk
12th wk
12th wk
24th wk
24th wk
24th wk
12th wk
24th wk
24th wk
24th wk
36th wk
36th wk
24th wk
24th wk
24th wk
24th wk
24th wk
48th wk

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Female
Female
Female
Female
Female
Female
Male
Female
Female

FT3

FT4

(3.50-6.50 pmol/L)

TSH

Diagnosis

Outcome

Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hypo
Sub hyper
Sub hyper
Sub hyper
Sub hyper
Sub hyper
Sub hyper
Sub hyper
Hypo
Hypo

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Sub hyper
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Sub hyper
Normal
Normal
Normal
Normal
Normal
Normal
Therapy
Therapy

(11.48-22.70 pmol/L) (0.35-5.50 μIU/mL)

4.81
4.67
6.02
5.88
4.13
5.46
5.12
4.00
6.19
5.27
5.36
5.44
3.79
6.20
5.15
4.95
6.34
4.37
5.72
4.19
4.67
5.31
5.77
5.90
6.03

11.66
12.19
11.56
11.71
14.13
24.55
12.89
24.36
13.48
19.24
13.45
15.27
14.67
11.85
12.47
13.99
13.89
21.24
12.97
21.24
16.47
11.58
16.70
5.97
0.97

6.62
19.61
7.13
8.95
6.25
11.01
8.45
6.31
5.58
6.15
23.19
6.66
8.71
37.42
6.46
6.16
0.32
0.29
0.24
0.32
0.01
0.12
0.02
6.16
6.58

Sub hypo: Subclinical hypothyroidism; Sub hyper: Subclinical hyperthyroidism; Hypo: Hypothyroidism.

A

TDIFN
Gender (%, male/female)
Age (yr)1
HCV RNA (log10, IU/mL)2
ALT (IU/L)2
AST (IU/L)2
TBIL(μmol/L)2
DBIL(μmol/L)2
ALB (g/L)1
TPOAb positivity
TGAb positivity
CXCL10 level (pg/mL)1

NTDIFN

28.0/72.0
55.3/45.7
43.40 ± 13.60
47.50 ± 14.0
6.23 (3.54, 7.52)
6.36 (3.0, 7.74)
81.0 (26, 416)
55.0 (10, 527)
67.0 (26, 248)
41.5 (16, 264)
17.20 (8.9, 36.4) 16.0 (5.0, 150.0)
4.57 (0.69, 13.80) 4.5 (0.48, 108)
42.30 ± 4.24
42.62 ± 4.15
24.2%
12.3%
12.0%
7.9%
310.0 ± 163.4
495.20 ± 244.2

Serum CXCL10 levels (pg/mL)

Table 3 Baseline characteristics of the thyroid dysfunction vs
non-thyroid dysfunction chronic hepatitis C patients
P value
0.014
0.183
0.919
0.162
0.018
0.732
0.447
0.764
0.047
0.469
0.012

P = 0.012
1200

800

400

0
TD

B

mean ± SD; 2median (minimum, maximum). TBIL: Total bilirubin;
DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; ALB: Albumin; TPOAb: Thyroid peroxidase antibody;
TGAb: Thyroglobulin antibody.

Serum CXCL10 levels (pg/mL)

1

[24]

mediated by IFN. Jami et al
demonstrated that
patients who used pegylated IFN had a higher risk of
TD than those using conventional IFN (14% vs 7%, P
[25]
= 0.038). However, in a meta-analysis, Tran et al
found that pegylated IFN in combination with RBV
did not cause more thyroid diseases in HCV-infected
patients than classical IFN plus RBV. This variation
may be explained by the differences in the race of the
patients. In our study, 18.0% (25/139) of Chinese
HCV-infected patients developed TD during PegIFNα2a/RBV therapy. The incidence of TD in our subjects
was increased compared with a large Australian cohort,
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1600

NTD

1600

P = 0.433
1200
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0
TPOAb (+)

TPOAb (-)

Figure 1 Pretreatment serum CXCL 10 levels according to patient
characteristics. A: Serum CXCL 10 levels between PegIFNα-2a/RBV induced
TD vs NTD; B: Serum CXCL 10 levels between TPOAb (+) and TPOAb (-).
TD: Thyroid dysfunction; NTD: Non-thyroid dysfunction; PegIFNα-2a/RBV:
Peginterferon alfa-2a/ribavirin.
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such as differences in study designs, the time period
of the follow-up, the population races, and individual
variations.
Our data revealed that 17.3% of patients were
TAs-positive, whereas previous studies reported TAs
incidence rates in HCV-infected patients ranging from
10% to 45%; this discrepancy may be related to
differences in the population race, genetic variations,
[16]
geographical distribution, and environmental factors .
Data from the pooled studies indicate that the risk of
TD in patients who were positive for TAs at baseline
was increased compared with those without TAs at
[14]
baseline . Female gender and TAs positivity were
shown to be the predictive factors of TD development
[24,30]
during IFN-α/RBV therapy
. In our study, female
patients had a higher risk for the development of TD
than male patients. The baseline TPOAb-positivity have
been suggested to be a risk factor for TD development
secondarily to PegIFNα-2a/RBV treatment. We also
demonstrated that the percentage of patients with
elevated autoantibody levels developing TD was
significantly higher than that of patients with normal
autoantibody levels before treatment.
A previous large-scale study in patients receiving
combination therapy demonstrated that TGAb was
present in 91.7% of patients, whereas TPOAb was
[31]
present in 83.3% of those with overt hypothyroidism .
Thus, in combination therapy, TAs play an important
role in predicting the emergence of TD. Analyzing
TAs levels before combination therapy may therefore
identify patients at risk for developing PegIFNα-2a/RBVassociated TD.
Many studies have noted the Th1 immune res
ponse and changes in CXCL10 chemokine level
during HCV infection. It was recently reported that
HCV-infected patients who developed IFN-induced
dysfunction exhibited Th1 polarization in their innate
immune responses. The Th1 immune response is
characterized by increased IFN-γ and TNF-α production
by Th1 lymphocytes. These chemokines subsequently
stimulate CXCL10 secretion from the hepatocytes in
chronic HCV infection, thus perpetuating the immune
[32]
cascade . Elevated serum CXCL10 levels are not only
associated with the development of autoimmunity,
but also lead to thyroid follicular destruction and
[33]
hypothyroidism. Antonelli et al demonstrated that the
development of TD during the IFN-α therapy correlated
with significantly reduced CXCL10 serum levels, both
before and during the treatment. A prospective study
found that CXCL10 increased in HCV-infected patients,
with no associated TD development, even after
[34]
matching for sex and age . We demonstrated that
pretreatment serum CXCL10 levels were significantly
increased in patients with euthyroid status compared
with patients with TD. Although pretreatment serum
CXCL10 levels were higher in TPOAb-positive than in
TPOAb-negative patients, no significant difference was
detected. However, the prevalence of TD was increased

Table 4 Numbers of patients treated with combination
therapy positive for thyroid autoantibodies at enrollment and
at the end of treatment
TPOAb (+) only TGAb (+) only Both (+) Both (-)
At baseline
At the end of
treatment

12
13

7
10

5
8

115
108

TPOAb: Thyroid peroxidase antibody; TGAb: Thyroglobulin antibody.

in which approximately 14% of patients developed TD
[24]
during PegIFN/RBV therapy . The difference between
these two studies may result from differences in the
race of the included patient populations and the virus
genotypes.
RBV can modulate the Th1 and Th2 subset balance
by activating type 1 cytokines in the HCV-specific
immune response. Furthermore, RBV could also enhance
the non-virus-induced immune response, suggesting
that RBV, as a type 1-inducing agent, can trigger
[26]
autoimmune phenomena in predisposed patients . In
previous studies, the incidence of TD induced by IFN
monotherapy in CHC patients was 4% to 18%, with a
mean incidence of approximately 6% in a meta-analysis
[27]
study . Earlier studies reveal that the mean incidence
of TD in patients treated with combination therapy
is increased compared with those treated with IFN
[16]
alone .
In the present study, the enrolled genotype-1
patients received PegIFNα-2a/RBV treatment for 48
wk, and the prevalence of thyroid abnormities was
18.0%. Some studies have suggested that higher
doses of IFN-α and longer durations of therapy are
[14]
risk factors for the development of IFN induced TD .
It is therefore possible that the longer time period of
48 wk of therapy in our study increased the likelihood
that patients developed TD. Fifteen patients developed
TD at 24 wk of therapy, including 9 with subclinical
hypothyroidism, 5 with subclinical hyperthyroidism
and 1 with hypothyroidism. An additional 2 patients
developed subclinical hyperthyroidism at 36 wk
of therapy. At 48 wk of therapy, 3 patients with
subclinical hypothyroidism and 1 patient with overt
hypothyroidism were noted. L-thyroxine treatment
was initiated in patients with overt hypothyroidism. It
is worth noting that, by the end of the therapy, TD did
not further progress among these patients.
Whether the long-term evolution of TD is induced
by IFN-α therapy remains controversial. Some studies
indicate that TD is reversible in all patients, whereas
others report that TD is only reversible in a proportion
[28,29]
of the patients
. In our study, at week 24 posttreatment, normal thyroid function was restored in
21 (84.0%) out of 25 patients. Such a discrepancy
may result from the short time period of the follow-up
study and a subsequently incomplete evaluation of TD
status. There also may have been additional factors,
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factor, leading to further CXCL10 secretion and potentially the development of
the autoimmunity. Data from pooled studies revealed that the risk of developing
TD in CHC patients who were TAs-positive (TPOAb and TGAb) at baseline was
46.1%. By contrast, this risk was only 5.4% in CHC patients who were TAsnegative at baseline. The preliminary results indicate that the TPOAb IgG2
subclass was a risk factor for TD in untreated HCV patients, and may play an
important role in TD development in CHC patients. The appearance of TPOAb
before treatment is predictive of subsequent thyroid dysfunction for CHC
patients receiving PegIFNα-2a/RBV combination therapy.

in patients who were TPOAb-positive at baseline than
patients who were not TPOAb-positive at baseline.
Evidence also indicates that circulating CXCL10 levels
increase in HCV-infected patients with autoimmune
[11]
thyroiditis , potentially because CXCL10 recruits
T-helper (Th) 1 lymphocytes. Indeed, it is reasonable
to hypothesize that the changes in serum CXCL10 may
be more evident in patients developing overt TD, who
show a microenvironment much more enriched in Th1
[33]
molecules . In our study, although high standard
deviation was observed for both categories of patients,
there was an important variation of the CXCL10 levels in
HCV patients with or without TD. At least in the studied
population, the values of CXCL10 were significantly
lower in patients who developed TD. Maybe the reason
is that the number of patients with overt TD was too
small (only two) in our studied populations. Therefore,
our results should be confirmed by studies with a much
larger sample size.
We studied the occurrence of TD in genotype
1 HCV-infected patients, without examining other
genotypes. Our findings must be confirmed by studies
using a larger sample size with a longer follow-up
period.
In conclusion, low pretreatment serum CXCL10
levels were associated with PegIFNα-2a/RBV induced
TD in genotype 1 HCV-infected patients in China. The
prevalence of TD was increased in female patients and
patients who were TPOAb-positive at baseline. The
appearance of TPOAb before treatment is predictive
of subsequent TD for CHC patients receiving PegIFNα2a/RBV combination therapy. Screening for TPOAb and
CXCL10 before combination therapy may identify highrisk patients who are more likely to develop PegIFNα2a/RBV-associated TD. Further studies are needed to
elucidate the characteristics and mechanisms involved
in PegIFNα-2a/RBV-induced TD in HCV-infected
patients.

Innovations and breakthroughs

Lower pretreatment serum CXCL10 levels are associated with PegIFNα-2a/
RBV- induced TD in genotype 1 HCV-infected patients in China. The frequency
of TD is increased in female patients and patients who are TPOAb-positive at
baseline. However, most (84%) of the TD cases were reversible. This is the first
study to investigate the association of CXCL10 levels with PegIFNα-2a/RBVinduced TD in genotype 1 HCV-infected patients in China.

Applications

The study results indicate that screening for TPOAb and CXCL10 before
combination therapy may identify the patients who are at high risk for
developing PegIFNα-2a/RBV-associated thyroid dysfunction.

Terminology

Clinical hypothyroidism was defined by serum TSH levels greater than 5.5 μIU/mL
and FT4 less than 11.48 pmol/L; whereas clinical hyperthyroidism was diagnosed
when TSH levels were less than 0.35 μIU/mL and FT4 was greater than 22.7
pmol/L and/or FT3 was greater than 6.5 pmol/L. Subclinical hypothyroidism or
hyperthyroidism were defined by serum TSH levels higher than 5.5 μIU/mL or
lower than 0.35 μIU/mL, respectively, with normal levels of FT3 and FT4. The
patients was considered to be positive for TAs when TPOAb was greater than or
equal to 35 IU/mL or TGAb was greater than or equal to 40 IU/mL.

Peer-review

Well-written and with valuable data, this manuscript reinforces the recom
mendation that HCV-infected patients should be screened for the presence
of thyroid dysfunction markers before undergoing IFN-a/ribavirin treatment,
because such treatment may increase the prevalence of TD. The value of
TPOAb positivity as a marker for treatment-induced TD in HCV infected patients
is also suggested by several studies. There is variation in CXCL10 levels in
HCV patients with or without TD, as demonstrated by a high standard deviation
observed for both categories of patients.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the Ethics Committee of Binzhou
Medical University.

AIM: To determine the possible predisposing factors
of bezoar-induced small bowel obstruction (BI-SBO)
and to discuss the diagnostic value of multi-slice spiral
computed tomography, particularly contrast-enhanced
scanning, in this condition.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: A total of 35 BI-SBO cases treated at
our hospital from January 2007 to December 2013
were retrospectively analysed. Complete clinical and
computed tomography (CT) data of the patients were
available and confirmed by surgery. SBO was clinically
diagnosed on the basis of clinical manifestations. Of
the 35 patients, 18 underwent abdominal and pelvic
CT planar scanning with GE 64-slice spiral CT and 17
underwent abdominal and pelvic CT planar scanning
with GE 64-slice spiral CT combined with contrastenhanced examination. Original images were processed
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using a GE ADW4.3 workstation to obtain MPR, CPR,
MIP and CTA images. The images of all patients were
evaluated by two abdominal imaging experts. The
main analytical contents of planar scanning included
intestinal bezoar conditions, changes in the intestinal
wall and changes in peri-intestinal conditions. Vascular
hyperaemia and arterial blood supply conditions at
a specific obstruction site and the distal end of the
obstruction site were evaluated through contrastenhanced examination.

DOI: http://dx.doi.org/10.3748/wjg.v21.i33.9774

INTRODUCTION
Small bowel obstruction (SBO) is a common clinical
disorder caused by various conditions. Common causes
include postoperative adhesions (60%-80%), volvulus,
intussusceptions, hernia, and tumours; bezoarinduced SBO (BI-SBO) is clinically rare, accounting for
[1-3]
approximately 4% of all SBO cases . Bezoars are
solidified substances formed by mixing indigestible
exogenous substances with other substances in the
gastrointestinal tract; bezoars are commonly found
inside the stomach but can enter the small intestine
via the pylorus. Bezoar impaction in the small intestine
likely causes SBO. BI-SBO cases are caused by small
intestine-originated bezoars; in general, the small
intestine of patients manifests common conditions,
[4,5]
such as stenosis, diverticulum or tumorigenesis .
Bezoar formation is related to various factors, such as
gastric motility disorders and gastrointestinal surgery.
However, clinical manifestations of BI-SBO are not
easily distinguished from intestinal obstruction caused
[2]
by other factors . As such, early surgical treatment
is an essential and feasible treatment option; delayed
treatment may significantly increase the incidence of
[6]
complications and mortality .
Imaging examination plays an important role in
the diagnosis of BI-SBO; for instance, multi-slice spiral
computed tomography (MSCT) can be applied not
only to accurately reveal causes, obstruction sites and
obstruction degree but also to determine co-existing
[5,6]
intestinal ischaemia or potential intestinal diseases .
Computed tomography (CT) images can also be used
by clinicians as reference to develop rational treatment
programs. With awareness of clinicians on BI-SBO
and timely MSCT examination, this condition can be
diagnosed in early stages and effectively treated.
However, contrast-enhanced MSCT scanning has been
rarely applied to diagnose BI-SBO. This study aimed
to identify the predisposing factors affecting bezoar
formation and to evaluate the diagnostic value of MSCT
scanning, particularly contrast-enhanced examination,
in BI-SBO; thus, clinical imaging and understanding of
this disease can be enhanced.

RESULTS: The proportion of males to females among
the 35 cases was 1:1.69 (13:22); median age was 63.3
years. The following cases were observed: 29 (82.8%)
cases occurred in autumn and winter and showed
a history of consuming high amounts of persimmon
and hawthorn; 19 (54.3%) cases revealed a history
of gastrointestinal surgery; 19 exhibited incomplete
dentition, with missing partial or whole posterior teeth;
26 suffered from obstruction at the ileum. A total of
51 bezoars were found in these patients, of whom
16 (45.7%) had multiple bezoars. CT planar scanning
of bezoars showed lumps with mottled gas inside
the intestinal cavity. Furthermore, 9 cases of bezoars
had envelopes and 11 cases were accompanied with
thickening of the distal wall of the obstructed bowel.
Scanning of 17 cases was enhanced; the results
revealed that the mesenteric blood vessels at the
obstruction site and the proximal site were dilated,
and a total of 7 cases were accompanied with distal
vascular dilation and intestinal wall thickening.
CONCLUSION: BI-SBO exhibits regional and seasonal
characteristics. CT planar and contrast-enhanced
scanning can be applied to diagnose and observe
vascular conditions in obstructed zones.
Key words: Small bowel obstruction; Bezoar; Multi-slice
computed tomography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bezoar-induced small bowel obstruction
(BI-SBO) is a relatively rare clinical condition. BISBO exhibits regional and seasonal characteristics.
This condition is associated with various predisposing
factors. Multi-slice spiral computed tomography planar
scanning can reveal intestinal bezoar conditions and
changes in the intestinal wall and peri-intestinal
conditions. Contrast-enhanced examination can further
reveal vascular conditions, such as vascular hyperaemia
and arterial blood supply conditions, in obstructed
zones.

MATERIALS AND METHODS
Clinical data

A total of 35 BI-SBO cases treated at our hospital
(Affiliated Hospital of Binzhou Medical College) from
January 2007 to December 2013 were retrospectively
analysed. Complete clinical and CT data of patients
were available. Of the 35 patients, 13 were male and
22 were female; the age of these patients ranged from
45 to 83 years, with a mean age of 63.3 ± 10.4 years.
SBO was clinically diagnosed on the basis of clinical
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analytical contents were considered: (1) intestinal
bezoar conditions, such as location, number, shape,
presence of an envelope and co-existence of a bezoar;
(2) changes in the intestinal wall based on intestinal
wall thickening, intestinal dilation and intestinal
ischaemia or infarction, among others; (3) changes in
peri-intestinal conditions, including mesenteric fuzzy
(i.e., mesenteric fat density increased) and ascites;
(4) contrast-enhanced examination mainly evaluated
vascular hyperaemia (i.e., whether the number
of mesenteric vessels increased or decreased and
whether or not lumen expansion occurred) and arterial
blood supply conditions at a particular obstruction
site and the distal end of the obstruction site. If the
two experts disagreed with a diagnostic opinion, a
consensus was obtained after further consultations
were performed.

Table 1 Predisposing factors of bezoar-induced small bowel
obstruction n (%)
Predisposing factor
Sex
Male
Female
Age (yr)
< 63
≥ 63
Symptom
Abdominal pain
Abdominal distension
Vomiting
Defecation and exhaust stopping
Physical sign
Fever
Abdominal protuberance
Abdominal tenderness
Tenderness and rebound Tenderness
Cords
Food intake before the onset
Persimmon, hawthorn, jujube
Uncertainty
Previous history
Stomach stone or bezoar treatment history
Gastroduodenal operation history
Other history of abdominal operation
Dental status
Teeth sound (partial denture)
Partial or total loss of posterior teeth

Case
13 (37.1)
22 (62.9)
15 (42.9)
20 (57.1)
23 (65.7)
35 (100)
15 (42.9)
12 (34.3)
7 (20)
29 (82.9)
9 (25.7)
9 (25.7)
7 (20)

RESULTS

29 (82.9)
6 (17.1)

Possible predisposing factors of BI-SBO

The patients’ clinical data are shown in Table 1.
The proportion of males to females among the 35
patients was 1:1.69 (13:22); median age was 63.3
years (with a range of 45 years to 83 years). Clinical
manifestations included all of the symptoms of acute
intestinal obstruction, particularly abdominal distension
(100%) and abdominal pain (65.7%); the most
common sign was the presence of an abdominal bulge
(82.9%). Three patients with acute obstruction suffered
from fever, tenderness at specific abdominal site and
rebound tenderness during physical examination.
The patients were subjected to emergent surgery
after they underwent abdominal and pelvic CT planar
scanning. Thirty-two patients received conservative
treatments, such as gastrointestinal decompression for
1 d to 7 d. After the corresponding examinations were
completed, 28 patients underwent open surgery, and 4
patients underwent gastrointestinal endoscopic bezoarbroken suction operations. The patients were followed
for three months; no recurrence was found.
A total of 25 patients exhibited a history of
abdominal surgery. Of these 25 patients, 19 under
went gastroduodenal surgery (3 cases of vagotomy
and pyloroplasty; 16 cases of gastrectomy and
gastrointestinal anastomosis, including 5 cases
of gastroduodenal anastomosis and 11 cases of
gastrojejunostomy), 3 underwent appendectomy, 2
underwent subtotal hysterectomy, and 1 underwent
post-traumatic splenectomy. Other medical histories
included 9 cases of diabetes (6 cases were subjected to
abdominal surgery and 3 other cases did not undergo
surgery) and 1 case of secondary hypothyroidism after
this patient was subjected to hyperthyroid surgery.
The following patients manifested dental conditions.
A total of 9 cases showed complete dentition (25.7%);
of these cases, 2 retained all of their teeth, 4 had
whole dentures and 3 exhibited partial dentures. A

3 (8.6)
19 (54.3)
6 (8.6)
9 (25.7)
26 (74.3)

manifestations (vomiting, abdominal pain, bloating,
blocked defecation and exsufflation). All of the patients
were diagnosed with BI-SBO through CT examination
and confirmed through surgical procedures, including
laparotomy and gastric or small intestinal endoscopybroken suction operations.

CT examination and image analysis

CT examination was performed using a GE 64-slice
spiral CT scanner (GE Lightspeed 64 VCT, United
States). Of the 35 patients, 18 underwent abdominal
and pelvic CT planar scanning and 17 patients
underwent abdominal and pelvic CT planar scanning
combined with contrast-enhanced examination.
None of the patients underwent intestinal CT visual
examination. In enhanced examination, a high pressure
syringe was used to inject 100 mL of a non-ionic
contrast agent (300 mg I Omnipaque; GE Healthcare,
Shanghai, China) via the cubital vein at an injection
rate of 3.5 mL/s. After the contrast agent was injected,
scanning was performed at 26 and 60 s; afterwards,
arterial and portal venous phase images were obtained,
respectively. The following CT scan parameters were
set: collimation, 5 mm; thickness, 5 mm; layer interval,
2.5 mm; reconstructed layer thickness, 0.625 mm;
120 kVp; and 250 mAs. Clinical data, original images
and images processed in a GE ADW4.3 workstation
(MPR, CPR, MIP and CTA) were recorded.
The images of all patients were evaluated by
two abdominal imaging experts; the following main
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10
9
8
7
6
5
4
3
2
1
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Table 3 Computed tomography findings of impaction bezoars
Signs

1

2

3

4

5

6

7

8

9

10

Bowel and perienteric
changes
Bowel wall thickening

11 12

t /mo

Figure 1 Monthly incidence of bezoar-induced small bowel obstruction.

Lumen dilatation proximal
to the obstruction
Intestinal infarction
Mesenteric haziness
Ascites
CTA changes
Mesenteric vascular
engorgement

Table 2 Impaction sites, concomitant bezoars and computed
tomography diagnosis
Impaction
site
(n = 35)
Duodenum
Jejunum

Ileum

Case

Impaction bezoars
Well delineated mass
in the intestinal lumen,
with a mixed density and
containing air

Concomitant Case, n
site
No
No
Stomach
Ileum
No
Stomach
Jejunum
Ileum

Total

1
6
2
1
12
3
3
7
35

CT confirmed, n
Impaction
bezoars

Concomitant
bezoars

1
6
2
1
12
3
3
7
35

0
0
2
1
0
1
3
7
14

17.1

Without
encapsulating wall

29

82.9

Obstruction and
proximal
With distal to the
obstruction

34

97.1

11

31.4

34

97.1

0
32
13
17
17

0
91.4
37.1

With encapsulating
wall

Obstruction and
proximal
With distal to the
obstruction

7

100
41.2

CT findings of BI-SBO

CT planar scanning revealed that the obstructed
bezoars appeared as lumps with clear edges inside the
intestinal cavity. The density of these bezoars revealed
varied results with mottled gas shadow inside the
cavity. In 3 cases of hawthorn bezoar, scattered highdensity seeds were obtained. In terms of morphological
characteristics, 26 were oval, 5 were tubular and 4
were round. The performance of coexisting bezoars
was similar to the obstructed bezoars. Only 6 (17.1%)
cases of single obstructed bezoars and 3 cases of coexisting gastroliths contained an envelope (Table 3).
CT images revealed that the 2 misdiagnosed gastrolith
cases were also covered by an envelope, whereas the
remaining bezoars were not covered by an envelope.
In terms of obstruction sites, 34 cases exhibited
proximal bowel dilation and 1 case occurred at the
bottom of the site subjected to surgical anastomosis
without evident proximal bowel dilation. All of the
patients showed a gas-liquid surface in the obstructed
proximal dilated intestine or stomach. A total of 34
cases manifested thickening in the obstructed zone
and proximal intestinal wall (97.1%) and 11 cases
showed thickening of the obstructed distal intestinal
wall. A total of 32 cases exhibited mesenteric fuzzy
(91.4%) and 13 cases contained a small amount of
ascites (37.1%).
Enhanced scanning revealed 17 cases of mesenteric
vascular congestion and dilation in the obstructed zone
and obstructed proximal end; of these 17 patients, 7
were accompanied with hyperaemia and thickening
of the obstructed distal vessel wall. The obstruction

CT: Computed tomography.

total of 19 cases exhibited incomplete dentition with
missing partial or whole posterior teeth.
BI-SBO may occur throughout a year, but this
condition is common from October to February, which
coincides with Chinese autumn and winter (29/35,
82.9%). Figure 1 shows the incidence of BI-SBO in
each month. Before the onset of BI-SBO, 29 patients
exhibited a history of consuming high amounts of
persimmon (15 cases), hawthorn (13 cases) and
jujube (1 case) under fasting conditions. Of these
patients, 3 revealed a history of gastrolith treatment
on 3 d to 9 d before the condition was manifested
(gastroscopic broken suction operation) and 6 did not
experience food intake-related conditions.
A total of 51 bezoars were found in the 35 BISBO patients, of whom 19 contained only one bezoar
and 16 revealed multiple bezoars (45.7%, Table 2).
The obstruction sites were the duodenum (1 case),
jejunum (8 cases) and ileum (26 cases). Co-existing
bezoars were located in the stomach (5 bezoars),
jejunum (3 bezoars) and ileum (8 cases). A total of 35
bezoars (100%) were accurately diagnosed through
CT examination, whereas 2 co-existing gastroliths
among the 16 co-existing bezoars were misdiagnosed.

WJG|www.wjgnet.com
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A

B

C

D

Figure 2 Representative case of a 50-year-old female with hawthorn small bowel obstruction. A: Computed tomography (CT) planar scan image showing
that the duodenum expanded and contained an oval bezoar with gas (arrow); B: MPR image revealing the shape of bezoars and gastroduodenal anastomosis;
anastomotic diameter was 4 cm (arrow); C: Peri-intestinal exudation and mesenteric vascular dilation of the distal end of SBO (arrows); D: Image displaying changes
after bezoar-broken suction operation is performed.

A

B

D

E

C

F

Figure 3 Representative case of a 58-year-old male with hawthorn small bowel obstruction. A: Contrast-enhanced examination result displaying the
gastroduodenal anastomotic stoma of the artery; B: Oblique MPR revealing an oval bezoar in the distal end of the jejunum with shadows of high-density seeds (arrow);
C: Sagittal reconstruction showing co-existing bezoar inside the ileum (arrow); D: Arterial phase image exhibiting the thickened and strengthened intestinal wall in the
distal end of the obstruction site (arrow); E: Portal venous phase image showing a significantly enlarged vascular shadow and blurred mesentery of the proximal end
of the dilated SBO intestine (arrow); F: CTA image revealing the thickening of the mesenteric blood vessel and peripheral exudation in the obstruction site (arrow).
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A

B

D

E

C

Figure 4 Representative case of a 60-year-old female with diospyrobezoar-induced small bowel obstruction previously subjected to gastrectomy and
gastrojejunostomy. A: Computed tomography (CT) planar scan image displaying the bezoar without an envelope inside the proximal end of the ileum; B: co-existing
gastric bezoar with an envelope (arrow); C: CPR image showing the dilation of the proximal end of the obstructed intestine, bezoar and distal wall thickening at the
obstruction site; D: Contrast-enhanced CT scan with an arterial phase image revealing a significant enhancement and thickening of obstruction regions and the distal
end of the obstructed intestine; blood-supplying arteries exhibited hyperaemia (arrow); E: CTA image showing the same mesenteric artery (arrow) that provides blood
supply for the transitional zone and the distal end of the obstruction site.

sites and distal end of the obstruction sites of these 7
patients were supplied with blood via one mesenteric
arterial branch (Table 3, Figures 2-5).

fruits and vegetables are rich in fibres, tannic acid and
lignins. When consumed at high amounts, tannic acid
is transformed from a monomeric form into a tannincellulose-protein complex via the actions of gastric
acid. This complex exhibits a concrete-like viscosity
and easily adhered to the gastrointestinal wall; a
viscous mass is formed and may be incarcerated
inside the gastrointestinal lumen, thereby causing
[12,19,20]
obstruction
. Furthermore, seeds of multiseed fruits, such as cactus fruit and fig, are prone
to accumulate inside the small intestine and form
obstructive lumps inside the intestinal cavity; as a
[12,13]
result, intestinal obstruction occurs
. BI-SBO can
affect individuals worldwide, although regional and
seasonal characteristics can be observed. Conditions,
such as persimmon and hawthorn stones, are more
common in subtropical and temperate regions than
in other regions; the onset of these conditions usually
occurs in autumn and winter. In this study, all of
the patients were located in the temperate zone; of
these patients, 82.9% were detected in autumn and
winter (31/35), and this finding is consistent with that
[12,17,21]
described in previous studies
.
In addition to the intake of large amounts of
cellulose materials, other possible risk factors include
history of gastrointestinal surgeries (such as vagotomy
and pyloroplasty, gastrectomy and gastrojejunostomy
or gastroduodenal anastomosis, and gastrointestinal

DISCUSSION
A bezoar refers to the coagulum formed inside the
digestive tract when indigestible exogenous substances
are mixed with other substances; this condition is
affected by several factors. Bezoars can be classified
into different groups according to component sources:
phytobezoar, trichobezoar, drug bezoar and lactic acid
bacterium bezoar. Among these groups, phytobezoar
[7]
is the most common type . Phytobezoar is commonly
found inside the stomach; partial phytobezoars may
enter the small intestine, thereby causing impaction
and complete SBO. BI-SBO is clinically rare, accounting
[1-3,8]
for approximately 4% of all SBO cases
. Bezoar
formation is not directly correlated with gender and
[1,9-11]
age
; furthermore, bezoar formation may be
affected by several factors, such as diet, anatomical
features, organic composition of the gastrointestinal
[7,8,12-16]
tract and functional disorders
.
In terms of diet, phytobezoar is mainly caused by
consuming high amounts of vegetables or fruits, such
as persimmon, hawthorn, date, prune, grape skin,
celery, mango, banana, cactus fruit, fig and mushroom,
[12,17,18]
which contain indigestible plant fibres
. These
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A

B

D

E

C

F

Figure 5 Representative case of a 71-year-old female with diospyrobezoar-induced small bowel obstruction. A and B: Computed tomography (CT) planar
scan image revealing oval bezoars inside the gastrointestinal anastomotic stoma and the distal end of the jejunal cavity; adjacent mesentery was slightly blurred; C:
The right rear end of the uterine bottom with a small amount of seroperitoneum (white arrow); D: MPR image showing the shape of a bezoar and a linear envelope
(solid arrow); E: Artery phase image displaying no thickening of the distal intestinal wall at the obstruction site but with significant enhancement; F: CTA image showing
different mesenteric arteries (dotted arrow) that provide blood supply for the transitional zone and the distal end of the obstruction site.

stoma anastomosis), gastric motility disorders caused
[2,5,22,23]
by various factors and poor dentition
.
Vagotomy and partial gastrectomy can reduce
gastric acid secretion, resulting in a weakly acidic
environment and decrease in gastric motility; thus,
removal of undigested solids from the stomach is
likely delayed, thereby causing high amounts of
viscous contents to form inside the stomach, which
[12]
is prone to bezoar formation . Gastroenterostomy,
gastrojejunostomy or pyloroplasty can expand the
outlet of the stomach; as such, undigested vegetable
or fruit fibre lumps inside the stomach easily enter and
form obstructive lumps in the small intestine, thereby
[12,16,19,24,25]
causing incarceration and obstruction
. After
gastroenterostomia occurs, the stricture of anastomotic
[12,16,25]
stoma is a possible cause of bezoar formation
.
In this study, 19 patients, including 11 cases of major
gastrectomy plus gastrojejunostomy and 5 cases of
major gastrectomy plus gastroduodenal anastomosis,
revealed a history of gastrointestinal surgery. This
high incidence of gastroenterostomia is similar to that
[12]
[19]
recorded by Bedioui et al . Ho et al
and Ulusan et
[24]
al also summarised the surgical histories of patients
with BI-SBO, but relationships between different
surgical methods and BI-SBO have not been reported.
The hypodontia of posterior dentition or dentural
malocclusion likely affects chewing functions; as a

WJG|www.wjgnet.com

result, chewing and digestion disorders related to
fibrous food occur; thus, lumps in the gastrointestinal
tract can be easily formed and the probability of
[15,22]
SBO occurrence possibly increases
. In this
study, patients with partial or complete hypodontia
of posterior dentition exhibited a significantly higher
incidence of SBO than those with complete dentition;
this result indicated that dentition status affects the
incidence of BI-SBO. Similar to other studies, our study
showed that diabetes, hypothyroidism, pernicious
anaemia, kidney failure, postoperative bowel adhesions
and other diseases can indirectly affect gastrointestinal
[17,25,26]
motility and emptying; thus, BI-SBO occurs
.
BI-SBO usually occurs at the narrow part of the
small intestine, in particular, the distal end of the ileum
is the most common site, especially at 50 cm to 70
cm away from the ileocaecal valve. This condition
commonly occurs at this site because the lumen of
this small intestinal segment is narrow. Thus, bowel
movements are slowed down, and a large amount
of water inside bezoars is absorbed and motility is
reduced. The jejunum is the second most common
[27,28]
site
. In this study, 9 cases of BI-SBO were
found in the jejunum and 26 cases were detected
in the ileum; this finding is consistent with that des
cribed in previous studies. Considering patients’
histories of gastrointestinal surgery, we found that
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the obstructive sites of BI-SBO may be related to the
size of gastrointestinal anastomosis. On one hand,
a large anastomotic size (diameter ≥ 30 mm) may
easily cause a high incidence of SBO. This condition is
possible because a large gastrolith mat easily enter the
small intestine via the anastomotic stoma and cause
incarceration in the corresponding luminal stenotic
site; in particular, a bezoar with a diameter greater
than that of the small intestine may easily form
incarceration at a region closer to the anastomotic site.
On the other hand, a small anastomotic stoma likely
results in a low incidence of SBO. This condition is
possible because a gastrolith larger than anastomotic
stoma cannot easily enter the small intestine via the
anastomotic stoma; thus, gastrolith enlarges in the
stomach. By contrast, a small gastrolith easily enters
the small intestine and gradually forms a large bezoar
with slow intestinal movements; for instance, patients
with reduced gastrointestinal motor functions exhibit
reduced bezoar movement. Thus, obstruction sites
are often found away from anastomotic sites. In this
study, the patient with gastroduodenal anastomosis
exhibited the largest SBO site. This patient revealed
a wide anastomotic stoma (diameter = 40 mm). The
obstruction site was located beneath the anastomotic
stoma and above the duodenal papilla. Patients with
BI-SBO exhibited co-existing bezoars in other parts,
in addition to the obstructive bezoar; co-existing
bezoars could be found in any part of the stomach
and the small intestine. Approximately one-third of
the patients also have gastroliths; these residual
co-existing bezoars may be the main reason for
recurrence after patients undergo surgery to remove
[5,10]
bezoars from the small intestine
. In this study,
16 (45.7%) patients showed co-existing bezoars, of
whom 5 manifested co-existing gastroliths. This ratio
was lower than that documented in a previous study.
Only 3 patients underwent gastroscopic bezoar-broken
suction operation 3 d to 9 d before disease onset;
thus, SBO may be caused by bezoar residue or debris
that formed after surgery is completed.
The clinical manifestations of BI-SBO may vary
according to different bezoar sizes, obstruction sites
and degrees; the most common manifestations are
complete mechanical intestinal obstructions, such as
abdominal pain, bloating, nausea and vomiting. The
diagnosis of BI-SBO based on clinical symptoms may
delay surgical treatment and increase morbidity and
[2,22]
mortality
. If BI-SBO patients revealed histories
of gastrointestinal surgery or laparotomy, clinicians
may initially consider adhesive intestinal obstruction
and implement conservative treatments, which
may adversely affect illness. Therefore, appropriate
examination methods should be selected to diagnose
BI-SBO in early stages and clinical treatments should
[19,22,24]
be promptly administered
.
Imaging examination is the main basis of SBO
diagnosis. Abdominal X-ray, barium enema, abdominal
ultrasound and endoscopy have been applied to
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diagnose SBO, but these examinations exhibit poor
diagnostic accuracies and limitations. As such, the
[9,10,19,22]
clinical use of these techniques is limited
. MSCT
is characterized by several advantages, including fast
scanning speed, non-invasive procedure and volume
scanning. MSCT has become the preferred examination
method to diagnose SBO. CT yields a diagnostic
[29]
sensitivity for acute SBO of 73% to 95%
and an
[30]
accuracy of 83% . For BI-SBO, abdominal and pelvic
CT scanning can be applied to locate bezoar causing
SBO and obstructive degree, as well as co-existing
multiple bezoars, intestinal ischaemia, strangulation,
perforation or other potential intestinal diseases. In this
procedure, acute abdominal symptoms caused by other
causes are excluded; thus, right treatment options are
selected and most efficient surgical approaches are
[5,6,10,29-31]
determined
.
In CT planar scanning, bezoar appears as round,
oval or tubular masses with clear boundaries located
inside the intestinal lumen, although densities varied
and mottled gas density can be observed inside the
lumen. Some bezoars may be covered with ring
[5,9,31]
[13]
envelopes
. Altintoprak et al
reported that
bezoars contain a large amount of gas and show
wide intervals, as well as scattered high-density
[5]
seeds characterizing hawthorn bezoars. Kim et al
suggested that gastrolith surface contains one coating
layer of gastric mucosal secretions, which form a
gelatinous membrane and cover bezoar surface; this
membrane may be the encapsulating wall found in
CT images. In CT planar scanning, air and fat can be
identified by adjusting to a suitable window (WW500HU, WL-50HU); the processed and obtained MPR
image can then be used to observe intestinal bezoar,
wall thickness, dilation extension, changes in intestinal
[10,32]
perimeter and co-existence of bezoars
. Intestinal
oedema and bleeding caused by bezoar incarceration
can be used as “target signs”. CT target signs likely
prevent the passage of obstructive bezoar through the
intestines. As such, conservative treatments may not be
suitable or may eventually fail, and emergent surgery
[5]
is thus needed . In this study, 35 cases manifested
typical signs, and accurate diagnosis was performed
through CT planar scanning. However, 2 cases of coexisting gastrolith were misdiagnosed possibly because
of radiologist’s insufficient understanding of coexisting bezoars; observation was also not sufficiently
comprehensive. The results also showed that 3 cases
of hawthorn bezoar presented shadows of high-density
seeds, whereas 1 case of diospyrobezoar did not show
these high-density shadows. Furthermore, 5 cases of
co-existing gastroliths were covered with an envelope,
but the obstructive bezoars of the corresponding
cases did not show definite capsules. This finding was
[5]
explained by Kim et al . All of the patients in our
study showed no definite target signs.
Multi-slice contrast-enhanced spiral CT examination
(particularly in the arterial phase) combined with
post-processing technologies (MPR, CPR, MIP and
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CTA) can help identify lesion segments of the small
intestine, vascular anatomical and morphological
changes and intestinal ischaemia or infarction; the
combined technology can also be applied to observe
postoperative changes, including surgical methods,
anastomotic stoma and input and output loops; thus,
inductive factors, such as postoperative changes,
adhesions or diverticulitis, can be determined before
[21,24]
[33]
surgery is performed
. Geffroy et al
suggested
that a dilated ansa is not significantly enhanced
compared with an adjacent normal intestinal ansa
of patients with SBO; as such, this condition is a
[33]
specific sign of intestinal ischaemia. Geffroy et al
also demonstrated that CT planar scanning results
may provide a false indication that the strengthening
of lesion intestinal walls is normal when contrastenhanced images show that the density of a dilated
intestinal wall is increased (sign of ischaemia). As a
consequence, intestinal ischaemia is misdiagnosed
or diagnosed in late stages. In this study, the CTA
images of 17 enhanced examination cases showed
blood supply from mesenteric arterial branches and
anastomotic branches in the lesion regions. The
images also accurately revealed the obstruction site,
thickening and tortuosity of anastomotic blood vessels
of proximal dilated intestines, mesenteric perivascular
exudation, oedema and ascites of the distal end of
obstructive intestines; intestinal ischaemia or necrosis
signs, such as enhancement reduction, were not
found.
[5]
Kim et al considered that the thickening of the
distal small intestinal wall in the obstruction site is a
significant CT sign to determine the onset of basic
intestinal diseases in patients with phytobezoars.
However, this hypothesis should be further inves
tigated. In our study, 11 patients with thickened distal
small intestinal wall in the obstruction site did not
suffer from basic intestinal diseases; this finding is not
[5]
consistent with that obtained by Kim et al . Analysing
the CTA images, we found that the thickening of
distal small intestinal wall in the obstruction site may
be related to the blood supply of the mesenteric
branches; in other words, they are formed in proximity
to the obstruction site. Furthermore, intestinal swelling,
mesenteric vascular tortuosity and thickening and periintestinal secretion become evident when the distal
end of the obstruction site and the transitional segment
(located in the obstruction site between the dilated
intestine and the collapsed intestine) supply blood
for the same artery. By contrast, the inflammation
degree of the distal end of the obstructive intestine
likely decreases or swelling unlikely occurs when the
distal end of the obstruction site and the transitional
segment separately supply blood for the arterial branch
(or the transitional segment located at the junction
of two blood-supplying arteries); mesenteric vascular
tortuosity and thickening, as well as peri-intestinal and
perivascular exudation, are also unlikely evident.
In CT diagnosis, BI-SBO should be distinguished
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from intestinal faeces- and gallstone-induced
SBO. Bezoar and faeces related to SBO have been
described; for instance, lumps should be considered
as faeces if lumps inside the dilated intestines exhibit
several characteristics, such as long longitudinal
diameter, insufficient density in texture, no capsule,
found in the proximal end of obstruction sites and
floating-like properties. Lumps may be considered
as bezoars if intestinal masses are located in the
obstructive transitional zone, characterised by a
clear edge, and bubble-like mottled behaviour and
[5,10,30,32]
covered with an envelope
. The performance
of gallstone ileus is similar to that of bezoar and can
be accurately diagnosed on the basis of Rigler’s image
triad (SBO, pneumobilia and positive small intestinal
[31,34-36]
ectopic gallstone) and biliary-enteric fistula
. Few
bezoars may exhibit non-gas, solid soft tissue-density
lumps. With CT planar scanning, small intestinal
tumours or intussusceptions can be hardly identified;
with enhanced CT scanning or contrast-enhanced
examination, diagnosis can be confirmed.
The formation of bezoars may be related to various
predisposing factors; the onset of this condition in
patients is often simultaneously affected by many
factors. BI-SBO exhibits regional and seasonal
characteristics; thus, clinicians should understand
this feature to perform efficiently. BI-SBO also shows
characteristic CT signs; thus, diagnosis through
CT planar scanning is relatively easy based on the
observed performance. Abdominal and pelvic contrastenhanced CT examination can also efficiently reveal
intestinal lesions, peri-intestinal changes and bloodsupplying arteries; thus, this technique can help
clinicians administer early appropriate interventions
and improve patient outcomes.
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Small bowel obstruction (SBO) is a common clinical condition caused by
various factors, including postoperative adhesions, volvulus, intussusceptions,
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condition. Multi-slice spiral computed tomography (MSCT) plays an important
role in the diagnosis of BI-SBO.

Research frontiers

The use of MSCT scanning can help diagnose SBO, reveal causes, obstruction
site and obstruction degree and accurately determine co-existing intestinal
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Contrast-enhanced MSCT examination can be applied to routinely observe
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vascular conditions of patients with SBO. Further research should be conducted
on SBO to promote the widespread use of MSCT.
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Terminology

A bezoar refers to the coagulum formed inside the digestive tract when
indigestible exogenous substances are mixed with other substances. A bezoar
can be classified into different groups according to component sources:
phytobezoar, trichobezoar, drug bezoar or lactic acid bacterium bezoar.
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Abstract
AIM: To evaluate the accuracy of diffusion-weighted
imaging (DWI) without bowel preparation, the op
timal b value and the changes in apparent diffusion
coefficient (ADC) in detecting ulcerative colitis (UC).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: A total of 20 patients who underwent
3T magnetic resonance imaging (MRI) without
bowel preparation and colonoscopy within 24 h were
recruited. Biochemical indexes, including C-reactive
protein (CRP), erythrocyte sedimentation rate,
hemoglobin, leucocytes, platelets, serum iron and
albumin, were determined. Biochemical examinations
were then performed within 24 h before or after MR
colonography was conducted. DWI was performed
at various b values (b = 0, 400, 600, 800, and 1000
2
s/mm ). Two radiologists independently and blindly
reviewed conventional- and contrast-enhanced MR
images, DWI and ADC maps; these radiologists also
determined ADC in each intestinal segment (rectum,
sigmoid, left colon, transverse colon, and right colon).
Receiver operating characteristic (ROC) analysis was
performed to assess the diagnostic performance of
DWI hyperintensity from various b factors, ADC values
and different radiological signs to detect endoscopic
inflammation in the corresponding bowel segment.
Optimal ADC threshold was estimated by maximizing
the combination of sensitivity and specificity. MR

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Hui-Mao Zhang, MD, PhD, Department of
Radiology, The First Hospital of Jilin University, No. 71 Xinmin
Street, Changchun 130021, Jilin Province,
China. yulili999@163.com
Telephone: +86-431-84995143

WJG|www.wjgnet.com

9785

September 7, 2015|Volume 21|Issue 33|

Yu LL et al . DWI-MRI without bowel preparation for UC

findings were correlated with endoscopic results and
clinical markers; these findings were then estimated by
ROC analysis.

Yu LL, Yang HS, Zhang BT, Lv ZW, Wang FR, Zhang CY,
Chen WB, Zhang HM. Diffusion-weighted magnetic resonance
imaging without bowel preparation for detection of ulcerative
colitis. World J Gastroenterol 2015; 21(33): 9785-9792 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i33/9785.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i33.9785

RESULTS: A total of 100 segments (71 with endoscopic
colonic inflammation; 29 normal) were included. The
proposed total magnetic resonance score (MR-score-T)
was correlated with the total modified Baron score
(Baron-T; r = 0.875, P < 0.0001); the segmental MR
score (MR-score-S) was correlated with the segmental
modified Baron score (Baron-S; r = 0.761, P < 0.0001).
MR-score-T was correlated with clinical and biological
markers of disease activity (r = 0.445 to 0.831, P <
0.05). MR-score-S > 1 corresponded to endoscopic
colonic inflammation with a sensitivity of 85.9%, a
specificity of 82.8% and an area under the curve
(AUC) of 0.929 (P < 0.0001). The accuracy of DWI
hyperintensity was significantly greater at b = 800
2
than at b = 400, 600, or 1000 s/mm (P < 0.05) when
endoscopic colonic inflammation was detected. DWI
2
hyperintensity at b = 800 s/mm indicated endoscopic
colonic inflammation with a sensitivity of 93.0%, a
specificity of 79.3% and an AUC of 0.867 (P < 0.0001).
Quantitative analysis results revealed that ADC values
2
at b = 800 s/mm differed significantly between
endoscopic inflamed segment and normal intestinal
2
2
segment (1.56 ± 0.58 mm /s vs 2.63 ± 0.46 mm /s,
P < 0.001). The AUC of ADC values was 0.932 (95%
confidence interval: 0.881-0.983) when endoscopic
inflammation was detected. The threshold ADC value
-3
2
of 2.18 × 10 mm /s indicated that endoscopic
inflammation differed from normal intestinal segment
with a sensitivity of 89.7% and a specificity of 80.3%.

INTRODUCTION
Magnetic resonance imaging (MRI) is an excellent
[1-3]
technique to accurately detect colorectal cancer .
MRI has been applied in the diagnosis and follow-up
[3-15]
of patients with inflammatory bowel disease
. For
such examinations and certainly for endoscopy, bowel
cleansing preparations are required and are often
[16]
poorly tolerated by patients . Consequently, the use
of MRI in clinical practice may be limited.
Only a few studies have reported the use of
diffusion-weighted imaging (DWI) in patients with
[3,6,10-14,17]
ulcerative colitis (UC)
. Among these studies,
[14]
only one
reported the value of quantitative DWI to
assess inflammatory activity in UC. However, optimal
b value of colon DWI to detect colonic inflammation in
patients with UC has not yet been published. As such,
optimal b value should be determined to produce highquality apparent diffusion coefficient (ADC) maps that
affect the accuracy of ADC measurements and visual
[18]
imaging interpretations .
This study aimed to determine the optimal b value
of colon DWI to detect colonic inflammation in patients
with UC without bowel preparation at 3T, to evaluate
the accuracy of DWI combined with MRI, and to
investigate the changes in ADC of patients with UC.

CONCLUSION: DWI combined with conventional
MRI without bowel preparation provides a quantitative
strategy to differentiate actively inflamed intestinal
segments from the normal mucosa to detect UC.

MATERIALS AND METHODS
Patients

Key words: Diffusion-weighted imaging; Apparent
diffusion coefficient; Quantitative; Ulcerative colitis;
Without bowel preparation

This prospective observational study was conducted
with an approval from our institutional review board.
Informed consent was also obtained from all of the
patients. A total of 23 patients with known or suspected
UC underwent magnetic resonance colonography,
including DWI without bowel preparation followed by
colonoscopy within 24 h, between January 17, 2012
and February 15, 2013. Patients who were diagnosed
with UC by colonoscopy were enrolled in the study.
These patients did not undergo interval treatment
for UC between MRI and colonoscopy. Furthermore,
patients were excluded if they were intolerant to
colonoscopy or if they suffered from a toxic megacolon,
revealed a history of abdominal surgery or experienced
other systemic diseases.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our results indicated that diffusion-weighted
imaging (DWI) provides qualitative and quantitative
information when this technique is combined with
conventional magnetic resonance imaging without bowel
preparation; the combined technique demonstrates
a good diagnostic performance to detect colonic
inflammation in ulcerative colitis. This technique is
completely non-invasive, does not apply ionizing
radiation or contrast material injection, does not require
any bowel preparation and does not cause discomfort
2
to patients. The optimal b value is 800 s/mm . DWI
2
hyperintensity at b = 800 s/mm detected endoscopic
colonic inflammation with a sensitivity of 93.0% and a
specificity of 79.3%.
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Clinical and biological markers

The UC clinical score consisted of a modification
of the four-category scoring system of the Mayo
[19-22]
Clinic
(Mayo index), namely, rectal bleeding, stool
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frequency, functional assessment by a patient and
global assessment by a physician. Scores ranged from
0 (normal) to 3 (severe disease). Composite scores
ranged from 0 (inactive disease) to 12 (severe disease
activity). Biochemical indexes, including C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR),
hemoglobin, leucocytes, platelets, serum iron and
albumin, were obtained. Biochemical examinations
were then performed within 24 h before or after MR
colonography was conducted.

administration (20 s to 25 s after gadolinium infusion);
(3) differentiation between the mucosa-submucosa
complex and the muscularis; (4) bowel wall thickening
(exceeding 5 mm); (5) parietal oedema; (6) the
presence of ulceration(s); and (7) comb sign of
engorged vasa recta that perpendicularly penetrated
the bowel wall (18). These radiological signs were
evaluated for each bowel segment as follows: 0 =
absence and 1 = presence. The segmental MR-score
(MR-score-S) was defined as the sum of the scores of
the seven radiological signs for a specific segment. The
total MR-score (MR-score-T) was defined as the sum of
the MR-score-S for a patient, with values ranging from
0 to 35. MR-scores were independently established by
two experienced radiologists who were blinded to the
endoscopic data.

MRI protocol

MRI examinations were performed using a 3.0 T
Philips scanner (Achieva 3.0T, YX, Best, Holland).
The following sequences were obtained using an
eight-channel, phased-array body coil: (1) axial and
coronal balanced turbo field echo with and without
fat suppression [repetition time (TR), 3.4 ms; echo
time (TE), 1.4 ms; matrix, 224 × 224; flip angle, 45°;
slice thickness, 6 mm; gap, 0 mm]; (2) axial and
coronal T2-weighted single-shot fast spin echo with
and without fat suppression (TR, 2000 ms; TE, 40
ms; matrix, 256 × 256; slice thickness, 6 mm; gap, 0
mm); (3) a 3D fast field echo (FFE) T1 sequence after
intravenous administration of 0.2 mL/kg body weight
of gadopentetatedimeglumine (Magnevist, Bayer,
Germany) at a rate of 2 mL/s for a dynamic study
of the axial plane with an arterial phase (25 s after
injection) and a portal phase (70 s after injection) and
a 2D FFE with fat saturation at 3 min after injection in
axial and coronal planes; and (4) axial and/or coronal
diffusion-weighted images (b = 0, 400, 600, 800 and
2
1000 s/mm ; TR, 2357 ms; TE, 62 ms; matrix, 300
× 231; slice thickness, 5 mm; gap, 0 mm; number of
signals acquired, the field of view ranged between 32
and 40 cm. Acquisition time for the DWI sequences
covering the abdomen and the pelvis ranged from 3
min to 5 min.

Colonoscopy is considered the “gold standard” to
detect colonic inflammation in UC. Oral ingestion of
2000 mL to 3000 mL of polyethylene glycol electrolyte
solution (Heshuang, China) was used to perform
bowel preparation before colonoscopy was conducted.
Colonoscopies were performed by two experienced
endoscopists who had no prior knowledge of the
[19]
MRI analysis results. The modified Baron score
represents an endoscopic lesion classification. This
score ranges from 0 to 4, with 0 for normal mucosa,
1 for granular mucosa with an abnormal vascular
pattern, 2 for friable mucosa, 3 for micro-ulceration
with spontaneous bleeding, and 4 for gross ulceration.
The colon was divided into five sections: rectum,
sigmoid, left colon, transverse colon and right colon. A
segmental modified Baron score (Baron-S) represents
the score of each section. The total modified Baron
Score (Baron-T) was defined as the sum of the
segmental scores. The result was considered “positive”
if Baron-S ≥ 1 and “negative” if Baron-S < 1.

MRI analysis

Statistical analysis

Colonoscopy

DWI was examined at b = 0, 400, 600, 800 and
2
1000 s/mm . Two experienced radiologists who were
blinded to clinical and endoscopic examination results
independently reviewed DWI images and evaluated the
radiological signs of DWI hyperintensity. The presence
and absence of DWI hyperintensity in a specific
segment were rated ‘1’ and ‘0’, respectively. ADC maps
2
were generated from the b factor (0 and 800 s/mm ).
To obtain ADC, we magnified the images and placed
the oval regions of interest on the largest possible
area covering the bowel wall. The measurements
were conducted from the area of brightest signal in
the bowel wall on the DWI image. The mean of the
two ADCs was accepted as ADC of the segment.
Based on a comprehensive review of the literature,
seven radiological signs were evaluated: (1) DWI
2
hyperintensity (b = 800 s/mm ); (2) rapid gadolinium
enhancement after intravenous contrast medium
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Patients who underwent colonoscopy and were
diagnosed with UC were recruited into the analysis.
Data were performed with SPSS Statistics version 19.0
and MedCalc version 12.4. All reported P-values were
two-sided and P < 0.05 was considered statistically
significant.
Receiver operating characteristic (ROC) analysis was
performed to assess the diagnostic performance of DWI
hyperintensity from various b factors, ADC, MR-score-S
and seven radiological signs to detect endoscopic
inflammation in the corresponding bowel segment.
Analysis was performed to calculate sensitivity, spe
cificity and area under the ROC curve (AUROC) with
the associated P-value. The Delong mode was used
to compare AUROC. Youden index analysis was
performed to estimate the optimal ADC threshold
value by maximizing the combination of sensitivity and
specificity.
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1.0

Table 1 Accuracy of diffusion-weighted imaging hyperintensity
from different b values for detecting endoscopic inflammation
Sens.

Spec.

P value

0.631
0.732
0.867
0.721

69.0
81.7
93.0
64.8

48.3
62.1
79.3
79.3

0.0410
0.0001
0.0001
0.0010

0.8

Sensitivity

b = 400 s/mm2
b = 600 s/mm2
b = 800 s/mm2
b = 1000 s/mm2

AUROC

AUROC: Area under the receiver operating characteristic curve; Sens.:
Sensitivity; Spec: Specificity.

=
=
=
=

400
600
800
1000

0.6

0.4

0.2

Correlative analysis was performed with Spearman’s
correlation coefficients as follows: (1) MR-score-S vs
Baron-S; (2) MR-score-T vs Baron-T; (3) MR-score-T
vs clinical and biological markers; and (4) Baron-T
vs clinical and biological markers. The correlation
coefficient of the MR-score was compared with that of
the endoscopic scores.
The inter-observer agreement for ADC measurements
was performed by two radiologists and calculated
with Pearson’s correlation coefficient. Inter-observer
agreements between two independent radiologists for
the DWI hyperintensity and MR-score were evaluated
by kappa statistic.

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Accuracy of diffusion-weighted imaging hyperintensity from
various b values to detect endoscopic inflammation.

15.00

r = 0.875, P < 0.0001

Baron-T

12.50

RESULTS

10.00
7.50
5.00

Among the 23 patients with known or suspected UC, 1
failed to complete a full colonoscopy examination, and
2 were finally diagnosed with Crohn’s disease. Thus, a
total of 20 patients were finally recruited in the study.

2.50
0.00

Accuracy of DWI hyperintensity from various b values
to detect endoscopic inflammation

5.00

10.00 15.00 20.00
MR-score-T

25.00 30.00

Figure 2 Correlation between total magnetic resonance score and total
modified Baron score.

Table 1 presents the sensitivity, specificity and AUROC
of DWI hyperintensity at b = 400, 600, 800 and 1000
2
2
s/mm . The DWI hyperintensity at b = 800 s/mm
detected endoscopic inflammation with a sensitivity of
93.0%, a specificity of 79.3%, and an AUROC of 0.867
(P < 0.0001). The accuracy was significantly greater
2
at b = 800 s/mm than at b = 400, 600 or 1000 s/
2
mm (P < 0.05; Figure 1). No significant differences
in accuracy were found for b = 400, 600 and 1000 s/
2
mm (P > 0.05).
Quantitative analysis results revealed that the
2
mean ADC at b = 800 s/mm of the proven endoscopic
-3
2
mucosal inflammation was 1.56 ± 0.58 × 10 mm /s
-3
2
-3
2
(range, 0.46 × 10 mm /s to 2.50 × 10 mm /s)
-3
2
compared with 2.63 ± 0.46 × 10 mm /s (range, 1.44
-3
2
-3
2
× 10 mm /s to 4.03 × 10 mm /s) in normal bowel
segments (P < 0.0001). The AUROC was 0.932 (95%
confidence interval, 0.881 to 0.983). A threshold ADC
-3
2
value of 2.18 × 10 mm /s could differentiate inflamed
bowel from normal bowel segments with a sensitivity
of 89.7% and a specificity of 80.3%.

< 0.0001; Figure 2) and MR-score-S was correlated
with Baron-S (r = 0.761, P < 0.0001).

Diagnostic performance of MR-score-S and seven signs
to detect endoscopic inflammation

Table 2 and Figure 3 present the sensitivity, specificity,
AUROC and ROC of MR-score-S and the seven signs
indicating endoscopic inflammation. Figure 4 shows
a concrete and representative case. At MR-score-S >
1, endoscopic colonic inflammation could be detected
with a sensitivity of 85.9%, a specificity of 82.8%
and an AUROC of 0.929 (P < 0.0001). The DWI
hyperintensity demonstrated a sensitivity of 93.0%
and a specificity of 79.3% to detect endoscopic
inflammation with an AUROC of 0.867 (P < 0.0001).
With rapid gadolinium enhancement, endoscopic
colonic inflammation was detected with a sensitivity
of 73.2%, a specificity of 93.1% and an AUROC of
0.853 (P < 0.0001). The accuracy between DWI
hyperintensity and rapid gadolinium enhancement (P
= 0.78) was not significantly different. Differentiation
between the mucosa-sub mucosa complex and the

Correlation between MRI and endoscopic findings

MR-score-T was correlated with Baron-T (r = 0.875, P
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Table 2 Accuracy of the MR-score-S and seven signs for detecting endoscopic inflammation
ROC analysis
MR-score-S > 11
DWI hyperintensity
Rapid gadolinium enhancement after intravenous contrast medium administration
Bowel wall thickening
Differentiation between the
mucosa-submucosa complex and the muscularis
Parietal edema
Ulceration
Comb sign

AUROC

Sens.

Spec.

P value

0.929
0.867
0.853
0.793
0.842

85.9
93.0
73.2
66.2
80.3

82.8
79.3
93.1
89.7
86.2

0.0001
0.0001
0.0001
0.0001
0.0001

0.684
0.775
0.694

43.7
59.2
43.7

89.7
93.1
93.1

0.0040
0.0001
0.0020

1

Cut-offs defined by ROC analysis. AUROC: Area under the receiver operating characteristic curve; Sens.: Sensitivity; Spec: Specificity; DWI: Diffusionweighted imaging.

with kappa values ranging from 0.679 to 0.897. The
two radiologists’ ADC measurements were compared
and Pearson’s correlation coefficient was 0.886 (P <
0.001), thereby indicating an excellent inter-observer
agreement.

1.0

Sensitivity

0.8
MR-score-S > 1
DWI hyperintensity
Wall thickening
Wall differentiation
Enhancement
Oedema
Ulceration
Comb sign
Reference line

0.6

0.4

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

DISCUSSION
The selection of the b value should satisfy the
[23]
following three criteria : (1) clearly display and
identify the tissue being examined; (2) effectively
inhibit the T2 shine-through effect on DWI; and (3)
use b values as high as possible to determine ADC
of the tissue being examined for closer to the true
diffusion value. A small b value corresponded to high
signal-to-noise ratio (SNR) and contrast-to-noise
ratio (CNR) of DWI images. However, the influence
was more distinct on ADC with the T2 shine-through
effect, perfusion effects and presence of macroscopic
motion. Conversely, a large b value indicated that
ADC was closer to the real diffusion values of the
tissue. However, susceptibility artefacts and geometric
deformation of images likely decreased significantly
the SNR and the CNR of images. Therefore, the
selection of the b value should weigh the two aspects
of the real diffusion values of tissue and image quality.
[9]
Oto et al evaluated the value of DWI (b = 600
2
s/mm ) and investigated changes in ADC values in
inflamed bowels in patients with Crohn’s disease at
[6]
1.5 T. Oussalah et al also found that the b factor is
2
fixed at 600 s/mm with a 1.5 T scanner in UC and
[14]
Crohn’s disease. Kılıçkesmez et al
evaluated 28
patients with UC by DW-MRI with b = 0, 500 and
2
1000 s/mm on a 1.5 T scanner. The current study
defined the range of the b value from 0 and 400 s/
2
2
mm to 1000 s/mm by referring to previous studies.
In the current study, DWI hyperintensity at b = 800
2
s/mm demonstrated the most efficient diagnostic
performance to detect colonic inflammation in UC. The
difference in the b value between the results of the
current study and that described in a previous study
may be related to differences in field strength and
uniformity of the main magnetic field.
[9]
Oto et al found statistically significant differences

1.0

Figure 3 Accuracy of segmental magnetic resonance score and seven
signs indicating endoscopic inflammation.

muscles revealed a good sensitivity (80.3%) and
specificity (86.2%). The four other signs demonstrated
low sensitivities (range: 43.7% to 66.2%) and
excellent specificities (range: 89.7% to 93.1%). The
presence of oedemas resulted in a decreased accuracy
compared with the accuracy of the seven signs
indicating endoscopic inflammation. No significant
differences in accuracy were observed among other
signs.

Correlation of MR-score-T or Baron-T with clinical and
biological markers

MR-score-T was correlated with Mayo index (r =
0.831, P < 0.0001). Biological indexes included CRP,
ESR, hemoglobin, leucocytes, platelets, serum iron
and albumin (r = 0.445 to 0.748, P < 0.05). The
correlation coefficients between MR-score-T and
clinical and biological markers were similar to the
corresponding correlation coefficients between Baron-T
and the same disease activity markers (Table 3).

Inter-observer agreement

Inter-observer agreements in DWI hyperintensity from
various b values were consistent with kappa values
ranging from 0.719 to 0.825. The inter-observer
agreements were applicable to evaluate MR-score

WJG|www.wjgnet.com
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A

B

C

D

Figure 4 A 22-year-old woman with known ulcerative colitis involving the rectum and the sigmoid colon. Mayo index = 8; total modified Baron score = 12; total
MR-score = 22; T2WI without fat saturation (A) and T2WI with fat saturation (B) show a mild thickening of the sigmoid colon wall (blue arrows); DWI hyperintensity (C;
b = 800 s/mm2; orange arrows); rapid gadolinium enhancement (D; orange arrows).

Table 3 Correlation of MR-score-T or Baron-T with clinical and biological markers
Activity markers
Mayo index
CRP
ESR
Hemoglobin
Leukocytes
Platelets
Serum iron
Albumin

MR-score-T

MR-score-T vs Baron-T

Baron-T

r

P value1

r

P value1

P value2

0.831
0.656
0.748
-0.449
0.481
0.445
-0.497
-0.462

0.0001
0.0020
0.0001
0.0470
0.0320
0.0490
0.0260
0.0400

0.926
0.886
0.810
-0.580
0.506
0.534
-0.559
-0.507

0.0001
0.0001
0.0001
0.0070
0.0230
0.0150
0.0100
0.0220

0.20
0.07
0.64
0.60
0.92
0.73
0.80
0.86

1

Spearman’s rank correlation test; 2Comparison of correlation coefficients.

-

between the ADC values of inflamed and normal bowel
-3
segments of patients with Crohn’s disease (0.47 × 10
-3
-3
mm²/s to 2.60 × 10 mm²/s and 1.39 × 10 mm²/s to
-3
4.03 × 10 mm²/s for inflamed and normal segments,
[7]
respectively; P < 0.05). Kiryu et al also found that
the ADC values of the small and large bowel of patients
with active disease were lower than those in patients
-3
2
with inactive disease (1.61 ± 0.44 × 10 mm /s vs 2.56
-3
± 0.51 × 10 mm²/s for the small bowel and 1.52 ±
-3
-3
-3
0.43 × 10 ± 10 mm²/s vs 2.31 ± 0.59 × 10 mm²
[14]
/s for the large bowel; P < 0.001). Kılıçkesmez et al
found that the ADC values of the rectum are different
(P = 0.009) between patients in active (1.08 ± 0.14
2
× 10 ³ mm /s) and sub-acute phases (1.13 ± 0.23
-3
2
× 10 mm /s) of the disease and those in remission

WJG|www.wjgnet.com

2

(1.29 ± 0.17 × 10 ³ mm /s). In the current study,
the mean ADC value of proven endoscopic inflamed
-3
2
bowels was 1.56 ± 0.58 × 10 mm /s compared with
-3
2
2.63 ± 0.46 × 10 mm /s in normal bowel segments
(P < 0.0001). In these studies, radiologists should be
aware of possible overlaps of ADC values that may lead
[24]
to misdiagnoses when only DWI is interpreted . The
usefulness of ADC for long-term follow-up of patients
with UC warrants further investigation.
DWI is a method in which the signal required to
produce MR image is determined by the “mobility of
[25]
water” . Diffusivity measurements are characterized
by multiple components related to tissue cellularity and
organisation, integrity of cell membranes, extracellular
[26]
space tortuosity and perfusion . Endoscopic biopsy
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bowel preparation yielded qualitative and quantitative information; this study
demonstrated good diagnostic performance to detect colonic inflammation in
UC.

is considered the gold standard to detect and quantify
UC; invasiveness, patient discomfort, perforation risk
and poor patient acceptance of colonoscopy have
prompted researchers to investigate alternatives
for diagnosing and characterizing UC. In MR or
endoscopy examination, oral and rectal bowel cle
ansing preparations are often poorly tolerated by
[27,28]
patients
. The technique used in the current study
did not require oral or rectal preparation and fasting;
the duration of the procedure was relatively short
(approximately 20 min for the whole examination,
including patient setup, routine MR and DWI imaging).
In the current study, DWI hyperintensity exhibited
the same accuracy as rapid gadolinium enhancement
to detect endoscopic inflammation in UC; this result
suggested that the DWI sequence could replace
gadolinium injection in detecting inflammatory colonic
segments in UC. In other studies, DWI hyperintensity
[6-8]
also showed a high accuracy . DWI combined with
MRI without bowel preparation represents a feasible
tool. This technique is completely non-invasive, does
[29,30]
not apply ionizing radiation
or contrast material
injection, does not require any bowel preparation,
and does not cause discomfort to patients. Bowel
preparation has also been associated with acute
exacerbation of UC. Diagnostic methods that do not
require bowel preparation could avoid this potential
complication. Therefore, the proposed technique can
be easily combined with conventional MR examination
protocol because of short duration.
Our study showed several limitations, such as small
patient population. With our most efficient efforts to
magnify images and use oval regions of interest to
exclusively cover the bowel wall, the possibility of a
partial volume effect was minimised. However, it could
not be completely excluded, especially from ADC
measurements of the normal bowel wall.
In conclusion, DWI combined with conventional
MRI without bowel preparation yielded qualitative and
quantitative information; our result demonstrated
a good diagnostic performance in detecting colonic
inflammation in UC.

Applications

This technique is completely non-invasive, does not apply ionizing radiation or
contrast material injection, does not require any bowel preparation, and does
not cause discomfort to patients. Diagnostic methods that do not require bowel
preparation could avoid acute exacerbation. This procedure can be easily
added to conventional MR examination protocol because of short duration.

Terminology

The segmental MR-score (MR-score-S) is defined as the sum of the scores
of different radiological signs for a specific segment. The total MR-score was
defined as the sum of MR-score-S for a patient.

Peer-review

DWI combined with conventional MRI without bowel preparation provided a
quantitative technique to differentiate actively inflamed intestinal segments from
the normal mucosa to detect UC.
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Abstract
Pancreatic hemangioma is a rare type of benign vascular
tumor. Low clinical suspicion and inability of current
cross sectional imaging techniques to differentiate it
from other pancreatic lesions, contribute to the difficulty
in making the correct diagnosis. Without a definitive
diagnosis, and due to concern for malignancy, in many
instances, surgery is performed. We report a case
of pancreas cavernous hemangioma in an 18-yearold female. The patient presented with three-month
history of epigastric pain. Physical examination and
routine blood tests were normal. Abdominal Computed
Tomography scan revealed a 5 cm × 6 cm complex nonenhancing cystic mass in the head of pancreas. Magnetic
resonance imaging, endoscopic ultrasonography (EUS)
and EUS guided fine needle aspiration cytology were
non-diagnostic. Because of uncontrolled symptoms, the
patient underwent surgical resection. Histopathology and
Immunohistochemical staining confirmed the diagnosis
of cavernous hemangioma of pancreas.
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Core tip: Pancreas hemangioma is a very rare patho
logical finding in adulthood. It may mimic other more
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common pancreatic lesions. Diagnosis is difficult, due
to its rarity, and the absence of typical radiological
findings of hemangioma. It should be considered in the
differential diagnosis of cystic, mixed and solid pancreatic
lesions. Surgical resection is the effective treatment in
symptomatic cases, while providing a final diagnosis,
however, surgery may not be necessary at all.
Mondal U, Henkes N, Henkes D, Rosenkranz L. Cavernous
hemangioma of adult pancreas: A case report and literature
review. World J Gastroenterol 2015; 21(33): 9793- 9802
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i33/9793.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i33.9793

Figure 1 Contrast computed tomography scan showed a non-enhancing
cystic lesion in the head of the pancreas.

multi-septated, predominantly cystic mass in the head
and uncinate process of the pancreas, with variable
T1 and T2 signal intensity (Figure 2). Foci of T1
hyperintensity were thought to be due to hemorrhagic
or proteinaceous contents. The mass exhibited septal
enhancement with maximum septal wall thickness of 2
mm. Post-contrast dynamic images showed peripheral
hyperintensity with some indication of progressive
centripetal enhancement. There was no ductal,
vascular or nodal involvement. Magnetic resonance
cholangiopancreatography (MRCP) demonstrated no
ductal dilation (Figure 3).
Endoscopic ultrasonography (EUS) showed a wellcircumscribed complex structure with fluid and solid
components arising from the uncinate process and
extending to the head of pancreas (Figure 4). The
lesion was devoid of Doppler signal. The surrounding
parenchyma appeared normal. There was no ductal or
vascular involvement. No peri-pancreatic lymph nodes
were seen. The liver, gall bladder, spleen, left adrenal
and kidneys appeared normal. Fine needle aspiration
(FNA) using a 22G ProCore Cook Needle (Cook Medical
Inc., Winston-Salem, NC, United States) was performed,
and a total of five passes with adequate sampling
was obtained in the presence of a cytopathologist. No
bleeding occurred during or after the procedure, and
patient had an uneventful post-procedure recovery.
Microscopy of the direct smear from FNA showed
abundant red blood cells and a few clusters of cells
that had a cohesive nature, but no atypia (Figure 5).
Some areas had increased lymphocytes, suggesting
an inflammatory process. The cell block showed
clusters of histiocytes, some of which had light brown
material in their cytoplasm, suggestive of hemosiderin
deposition. Focal fibrotic fragments of tissue were
seen, without distinct vascular structures being
identified. No granulomatous features were seen.
Cyst fluid carcinoembryonic antigen (CEA) level was
< 0.5 ng/ml, and amylase level was 13 U/L. Gram
stain, acid-fast bacilli, and alpha 1 antitrypsin stains
were negative. CAM 5.2 was negative. Vimentin was
positive in macrophages, but no epithelioid cells were
identified. Overall, the fine needle aspiration findings

INTRODUCTION
Pancreatic cavernous hemangioma in adulthood is
a very rare condition. To date, only 20 cases have
been reported in the literature. Hemangioma mimics
common pancreatic lesions, and modern imaging may
not adequately characterize this benign condition.
The following case is that of an 18-year-old female
who underwent surgical resection of a large head of
pancreas lesion, with a final diagnosis of cavernous
hemangioma. A review of clinicopathological and
radiographic features of all cases reported in the
English literature to date is included.

CASE REPORT
An 18-year-old Hispanic female was referred to our
Institution by her primary care physician, for the
evaluation of a “pancreatic cystic lesion” found on
abdominal computed tomography (CT) scan, after
she presented with complaints of worsening epigastric
pain for three months. The pain was described as
stabbing and severe, radiating to the back, occurring
postprandial. Nausea and emesis were associated with
pain. Analgesia was only partially achieved with the use
of prescription oral narcotics.
The patient’s medical history included childhood
treated pulmonary tuberculosis. There was no history of
acute pancreatitis or abdominal trauma. Patient had no
prior surgeries. She was on no medications, particularly
has never been prescribed oral contraceptives, nor did
she ever use over the counter drugs. Family history was
non-contributory. Physical examination was normal.
Complete blood counts, complete metabolic panel,
serum amylase and lipase, coagulation panel, fasting
lipid profile, serum CA 19-9 and carcinoembryonic
antigen (CEA) levels were normal.
CT revealed a well-defined cystic mass with solid
components in the head of pancreas. The lesion did
not show contrast enhancement (Figure 1). Magnetic
resonance imaging (MRI) with and without intravenous
gadolinium showed a 5.3 cm × 6.2 cm, heterogeneous,
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Figure 2 Magnetic resonance imaging. Variable intensity in T1 weighted (A) and T2 weighted (B) imaging. Overall, the hemangioma had hypo-intensity in T1W and
hyper-intensity in T2W imaging. Peripheral enhancement after gadolinium injection with gradual centripetal filling-in (C, D: Arterial phase; E: Venous; and F: Delayed
venous phase) was noticed. Intensity was parallel to that of aorta. A central cystic area remained hypo-intense.

Figure 4 Endoscopic ultrasound: Complex cyst at the head of pancreas,
devoid of Doppler signals, with normal surrounding parenchyma and
without any ductal or vascular abnormality.

Figure 3 Magnetic resonance cholangiopancreatography demonstrated
no ductal dilation.
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Figure 5 Fine needle aspiration cytology. Direct smear showed few clusters of cells without atypia (A, B) and increased lymphocytes (C); Cell block showed
clusters of histiocytes, some of which had light brown material in their cytoplasm, suggestive of hemosiderin (D).
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B

Figure 6 Gross pathology showing head of pancreas lesion (A) and cystic lesion with thick septa and recent hemorrhage evident on cross section (B).

was found to be inseparable from the duodenum.
Pylorus preserving pancreaticoduodenectomy with
cholecystectomy and resection of 17 lymph nodes
were performed.
The gross pathology revealed a pink-brown, partly
hemorrhagic, multi-loculated cystic mass, 6 cm × 4
cm × 3.5 cm in size, with intracystic hemorrhage and
no mucinous component (Figure 6). On microscopic
examination (Figure 7), a single layer of flattened
cells lined the blood filled cystic spaces, and had
uniform nuclei and no atypia. The vessels lumina
contained macrophages, some with hemosiderin
within. Aggregates of chronic inflammatory cells were
present in the surrounding fibrous tissue. One vessel
had an organizing thrombus, also containing fibrin
and foamy macrophages. On immunohistochemical

suggested a benign process most consistent with an
inflammatory benign cyst. Due to the presence of a
few cohesive clusters of cells, a neoplastic cystic lesion
(serous cystadenoma or solid cystic papillary tumor)
could not entirely be ruled out.
The case was reviewed in the multidisciplinary
Pancreatic Tumor Board. A recommendation was made
to continue close clinical monitoring, and a consensus
from pathologists, radiologists, gastroenterologists, and
surgeons reiterated the benign etiology of the lesion.
Over the next few weeks, the patient experienced
worsening nausea, vomiting and abdominal pain,
refractory to narcotics and antiemetics. Subsequently,
the patient limited her oral intake and lost 20 pounds
of body weight. The patient was eventually taken
to surgery. Intra-operatively, the pancreatic lesion
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Figure 7 Histopathology. A: The hemangioma displaced the exocrine pancreas; B: It had blood filled ectatic vessels with thin endothelium lining large cavernous
spaces and aggregates of chronic inflammatory cells in the surrounding fibrous tissue; C: The lumina of the vessels contained macrophages, some containing
hemosiderin; D: One vessel with organizing thrombus containing fibrin and foamy macrophages.

(IHC) staining, the lining was positive for CD31, focally
positive for CD34, and negative for cytokeratin (AE1/
AE3) supporting the diagnosis of hemangioma. All 17
lymph nodes had normal histology.
Postoperatively, the patient was monitored in
the Intensive Care unit for two days. By second day,
she was tolerating oral intake of liquids. She was
rd
discharged home on the 3 post-operative day. Six
months after surgery, she remained symptom free.

that a number of nine cases have been described in
the medical literature prior to 1939. In our review,
cases of hemolymphangioma, lymphangioma and
vascular malformations were excluded. Hemangiomas
with retroperitoneal origin involving the pancreas were
also excluded. The aim of the present review is to
provide a summary of the epidemiological and clinical
characteristics of this rare tumor.
The average age of the patients at diagnosis is 48.3
years (range: 18-79 years). Our patient is the youngest
adult case reported. Infantile hemangiomas of pancreas
[21]
are very rare, but they involute by early childhood .
Male to female ratio is 1:3. Other pancreatic tumors e.g.,
mucinous cystic neoplasm (MCN), intraductal papillary
mucinous neoplasm (IPMN) and solid pseudopapillary
neoplasm (SPN) also show female predominance.
Male to female ratio of 1:5 is reported in cavernous
hemangioma of the liver. Although an association
between the proliferation of hepatic cavernous
hemangiomas and increased levels of estrogen (from
contraceptives, pregnancy) is reported, no definite
[22]
causal relationship has been proven .
The most common presenting symptom is epi
gastic pain (47%). Nausea, abdominal distention,
jaundice, fever, episodic dizziness and palpitations
and gastrointestinal bleeding may be associated to
pain. No reported case had episodes of pancreatitis or
family history of pancreas diseases. Rarely, especially
in young patients, cavernous hemangiomas of the
pancreas may be observed in the setting of von
[23]
Hippel-Lindau disease . Abnormalities of the serum

DISCUSSION
Vascular tumors (hemangioma, lymphangioma, he
molymphangioma, hemangioendothelioma, hemangio
pericytoma, hemangioblastoma and angiosarcoma)
[1]
constitute only 0.1% of the pancreatic tumors .
Hemangiomas are vascular tumors composed of blood
vessels lined by endothelial cells. Visceral hemangiomas
can be found in various organs including the brain,
parotid, thorax, liver, spleen, adrenal, retroperiton
eum and gastrointestinal tract, in isolation, or with
[2]
synchronous cutaneous lesions . Hemangioma is the
most common benign tumor of the liver, however,
pancreas hemangiomas are extremely rare, both in
adult and pediatric population.
A PubMed and Google Scholar search of the lite
rature using the keywords “pancreas hemangioma” was
performed, and pertinent articles and their references
were reviewed. Since 1960, a total of twenty-one
cases have been reported in nineteen articles (Table
[3-19]
[20]
1)
. Mundinger et al
in their 2009 article, stated
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Table 1 Previously reported pancreas hemangiomas in literature
No.

Year

Country

Author

Age (yr)/ Site/size (cm)
sex

Preoperative diagnosis

Treatment

1
2
3

1939
1960
1961

France
France

Ranstrom
Ringoir
Ringoir

61/F
71/F

Head/7
Head/15

Found at autopsy
-

30/M

Body tail/Head to
tail/20
Head/20

Multicystic heterogenous
structure
Cavernous hemangioma
suggested on US/MRI

Surgery
Retrocolic gastroenterostomy,
vagotomy
Fat free diet, anticholinergic1
Laparotomy with observation1

4
5

1972
1985

France
France

Colardyn
Mangin

42/F
62/F

6

1991

Japan

Kobayashi

7
8

1991
2003

Germany
Taiwan

Dageforde
Chang

79/F
70/F

Body tail/6
Body tail/4

9

2006

Austria

Plank

36/M

Head/3

10
11

2008
2009

China
United States

Xu
Mundinger

45/F

Head/5.5

12
13
14

2010
2011
2011

Israel
Malaysia

Jarboui
Weidenfeld
Lee

60/F
73/F
49/F

Head/5
Neck/5

15

2012

Germany

Kersting

53/M

Head/8

16

2013

China

Zhi-hua

23/F

Head/5.4

17

2013

Malik

70/F

Head/8

18

2014

Williamson

78/F

Head/4

19

2014

United
Kingdom
United
Kingdom
Japan

Naito

40/F

Body tail/10

20

2015

United States

Mondal

18/F

Head/6

Follow up

Pancreatoduodenectomy
Observation1
Subtotal pancreatectomy

Heterogenous hypervascular
Healthy at 14
solid mass. Serous/cystic
mo
adenoma/adenocarcinoma?
Hypervascular mass.
Hemangioma suspected during
Nonfunctioning
laparotomy, confirmed by
neuroendocrine tumor
intraoperative US. Not resected1
Three cases reported
Hypodensity mass in CT.
Frozen section: benign cyst.
Benign (duplication cyst,
PPPD performed
paraganglioma, cystic GIST)
cyst
Cyst with solid part
Whipple’s procedure
Non-enhancing septated cyst. Central partial pancreatectomy Symptom free
Mucious cyst with malignant
and gastrostomy
at 6 mo
features
Non-enhancing mass.
Extirpation of the tumor
Adenocarcinoma?
Non enhancing multilocular
Subtotal pancreatectomy
Healthy, no
cyst with fluid fluid levels
recurrence at 1
yr
Giant hemangioma suggested
PPPD
Fine at 6 wk
on CT
Hemangioma per EUS
Observation1
Multilocular septated cystic
mass
Benign cyst

Pancreatectomy
PPPD

No recurrence
at 6 yr
Fine at 6 mo

1

Cases that were preoperatively suspected to be hemangioma and/conservatively managed. PPPD: Pylorus preserving pancreatoduodenectomy.

liver tests and thrombocytopenia may be present
but no correlation between the size or of the lesions
location and symptomatology was noted. In fact, these
tumors can be as large as 20 cm and arising from the
head of pancreas, yet they do not cause much pain
or obstructive features. On the contrary, two of the
smallest reported lesions, presented with obstructive
jaundice (No. 8, 9). Average reported tumor size is
8.9 cm (range: 3-20 cm), with the majority (70%)
involving the head of the pancreas. Hemangiomas
are indolent (No. 13, 14) and do not have malignant
potential. Why our patient presented with rather
short duration of symptoms is unknown. Whether
hemorrhage, thrombosis or necrosis within the cyst
occurred and led to symptoms is not known.

appeared overall hyper- or iso-echogenic to rest of
the pancreas, and had mixed echogenicity. A 20 cm
mass in the head of pancreas was diagnosed as a
giant hemangioma on US (No. 6). The absence of
a fine speckled internal echo pattern may suggest
a vascular tumor as opposed to a mucinous cystic
[24]
tumor . Intra-operative US was helpful in diagnosing
pancreatic hemangioma in one case and prevented
pancreatectomy (No. 9). Our Endoscopic ultrasound
findings were similar to those described by Lee
(No. 14). We identified a cystic mass with thick
septations and solid components. Doppler signal was
absent within the lesion. The overall sonographic
appearance was suggestive of an inflammatory or
mucinous cyst. Willamson (No. 18) made a diagnosis
of pancreas hemangioma based on endosonographic
characteristics, which allowed a conservative approach
to the management of his reported case, and surgery
was avoided. Hemorrhage, thrombosis, necrosis,
shunting and vascularity of the solid component

Ultrasonography

Transabdominal ultrasonography (US) is reported to
detect hemangiomas in 9 cases. All these lesions were
more than 5 cm in size. Lesions were well demarcated,
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within, may account for poor Doppler signal in most
[9]
pancreatic hemangiomas .

and there was no reported bleeding. We performed
EUS guided FNA using a 22G ProCore Cook Needle
(Cook Medical Inc., Winston-Salem, NC, United States)
with 5 passes without associated bleeding.

CT scan

Typically, hemangiomas are strongly contrast enhancing
in the arterial phase of conventional contrast-enhanced
[7]
CT imaging . Peripheral irregular enhancement
with central non-enhancement in venous phase,
and progressive filling-in during the delayed phases
of dynamic CT scan is typically described in hepatic
hemangiomas. Based on these features, preoperative
diagnosis of pancreatic giant hemangioma was
suggested only in one case (No. 17). A non-enhancing
three-phase contrast CT scan does not exclude
hemangioma. Of the cases that reported pre-contrast
CT findings, five lesions (No. 8, 9, 11, 17, 19) were
heterogeneous (with both, high and low attenuation),
multi-loculated cysts and five (No. 13, 14, 16, 18, 20)
were hypo-attenuating “cysts” with solid components
and peripheral micro- or speckled calcifications. Postcontrast CT showed poorly enhanced or unenhanced,
hypo-vascular, multi-loculated, cystic tumors in
some cases (No. 6, 11, 14, 15, 16, 20) and hyperenhancement in others (No. 8, 9, 13, 17, 18, 19).

Other imaging methods

Angiography performed in cases of pancreatic
hemangiomas showed either a poorly vascular (No. 6)
or a hypervascular (No. 8) tumor without encasement
of surrounding vascular structures. Arteriography does
not provide additional useful information beyond CT/
MRI, and is not routinely performed, unless selective
embolization of feeding vessels is being considered
as treatment. Technetium (Tc)-99 isotope study and
positron-emission tomography (PET) scan have been
found useful in diagnosing hemangiomas in other
organs, but none has been reported in pancreas he
mangioma cases.

Differential diagnoses

As hemangiomas are essentially benign tumors, correct
preoperative differentiation from other tumors could
prevent surgical resection. On imaging, hemangiomas
elicit characteristics that overlap with radiographic
phenotypes of other common lesions of the pancreas.
The list of radiological differential diagnoses for cysticsolid and cystic pancreatic lesions is broad (table 2).
Most cases proceeded to surgery without confirmatory
diagnosis. The correct pre-operative or intra-operative
diagnosis of hemangioma was made only in 5 out of
20 cases (No. 4, 5, 7, 9, 18), thus avoiding need for
surgical resection.

MRI

Hemangioma on MRI appears as a lobulated, hypointense mass in T1 -weighted images, and shows
moderate hyperintensity signal in T2 -weighted images,
while after intravenous gadolinium administration, there
[25,26]
is marked enhancement
. Four articles (No. 6, 9, 16,
19) reported MRI findings of pancreas hemangiomas.
Low T1W signal attenuation in (No. 6, 9, 16) and high
T2W signal attenuation in (No. 16, 19) were seen on
non-contrast MRI. MRI was able to diagnose a giant
hemangioma of pancreas (No. 6) without further workup. In our case, in the post-contrast dynamic imaging,
there was some evidence of centripetal filling-in. No
dilatation of the pancreatic and the common bile ducts
was seen on MRCP in our patient.

Histopathology

Microscopically, hemangiomas are composed of an
increased number of blood-filled ectatic capillaries
lined by flat endothelium and separated by scant
fibrous connective tissue stroma. Depending on
the size of vascular spaces, they can be capillary or
cavernous type. Vascular endothelial marker (CD31,
CD34 and factor Ⅷ-related antigen) positivity, along
with negative results for cytokeratin (AE1/AE3, D2-40,
CAM 5.2, MNF 116) immunohistochemical staining
indicates hemangioma, lymphangioma and other
benign vascular tumors. Lymphangioma may be easily
excluded, as they consist of lymphatics (instead of
blood vessels) filled or infiltrated with lymphocytes.
Using electron microscopy (EM), lymphangioma was
[29]
diagnosed in a resected pancreas tumor , however,
EM has not been described in hemangioma. A precise
histopathological diagnosis of hemangioma is very
important, as other vascular tumors may require
wider surgical margin at resection, adjunctive therapy
and closer post-resection follow up. For instance, in
hemolymphangioma, 10%-27% and 50%-100%
recurrences are reported after complete and partial
[30]
resection, respectively .

Fine needle aspiration cytology

Since radiological imaging cannot characterize these
lesions, almost all complex cystic lesions of the
pancreas undergo endoscopic or per-cutaneous fine
needle aspiration (FNA) to establish a diagnosis.
Hemangiomas can be highly vascular. Fatality related
[27]
to biopsy of hepatic hemangioma has been reported ,
therefore concern regarding FNA sampling of these
lesions should rise. If the radiographic characteristics
of hemangioma are absent on imaging, the risk
of bleeding remains concerning following lesion
sampling or during surgery. On the other hand, the
article reporting 38 patients with sampled hepatic
hemangiomas, along with several other small series,
[28]
revealed needle biopsy to be safe . FNA was
performed in pancreas hemangiomas (No. 14, 17, 18),
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Table 2 Differential diagnoses of cystic and cystic-solid lesions of pancreas
Cystic lesions

Sex/age/size/site

Pseudocysts
Serous cystic
neoplasms

Any
F/60s/large/body or
tail

Imaging, cytology features

Unilocular
Serous and mucinous cystadenoma similar on CT
Central fibrous scar with calcification
Septation
Multiple cysts lined by glycogen-rich epithelial cells that are positive for periodic acid Schiff
and express cytokeratins
Mucinous cystic
F/50-60s/> 10 cm/body Single multilocular cysts that do not communicate with the ductal system
Smooth shape, even wall, with or without (fine) septa with potential small nodules
neoplasms
or tail
Peripheral egg shell calcification
Cyst lined by columnar mucin-producing epithelial cells set within an ovarian-like stroma
Dysplasia and malignant potential
Express keratin, carcinoembryonic antigen and CA19-9, while CK20 and CDX2
(markers of intestinal differentiation) are negative
IPMN
M = F/70-80s/head Intraductal proliferation of mucinous cells usually showing papillary projections
Dysplasia, invasion and malignant potential
The epithelium of IPMNs expresses keratins, CEA and CA19-9, with variable expression of
MUC
Solid pseudopapillary
Young F/> 10 cm/tail, Solid or cystic-solid hypervascular tumors, solid part enhances
Show pseudopapillae and pseudocysts
neoplasms
head
Stain for vimentin and beta catenin with partial reactivity to keratin
CD56 and synaptophysin stains may be positive, chromogranin negative
Cystic change of
PDAC is rare < 50,
Recognition of adjacent solid lesion (carcinoma) is the key to correct diagnosis of ductal
solid tumors
M=F
adenocarcinoma
PDAC are fibrotic, hypo-vascular, ill defined border, early infiltration in peri-pancreatic fat,
invasion of vascular structures and ducts
NET and Islet cell tumors are hyper-vascular and hyper-enhancing with positive staining
for chromogranin and synaptophysin
Lymphoepithelial cysts
M/50-60s/ body or tail Lined by squamous epithelium and surrounded by dense lymphoid tissue, possibly
showing germinal centers
Vascular tumors
F > M/large
Cystic-solid, encapsulated, multi-loculated, micro-cystic portions appear solid and
(Lymphangiomas,
enhancing
Vascular markers CD31, CD34 and factor Ⅷ are positive in endothelial cells
hemangiomas,
Cytokeratins neg
hemolymphangioma,
Lymphatic marker D2-40 neg in hemangioma, positive in lymphangioma
hemangioendothelioma,
Angiosarcomas, highly aggressive, a vascular channel lined by variably atypical endothelial
angiosarcoma
cells
Metastatic from renal cell cancer
Hypervascular, invasive
Accessory splenic tissue
Tail
hypervascular
Others
Rare solid tumors of the pancreas also include: mature teratoma, hamartoma, sarcoidosis,
yolk sac tumor, acinar cell carcinoma, lymphoplasmatic sclerosing pancreatitis, primary
pancreatic lymphoma., duodenal tumor, duplication cysts, paraganglioma, cystic GIST,
glomus tumor, etc.
IPMN: Intraductal papillary mucinous neoplasms; PDAC: Pancreatic ductal adenocarcinoma.

Treatment of hemangioma

successfully treat infantile hemangiomas, but their role
in adult hemangioma treatment is not known.
Surgical excision seems to be a reasonable strategy
for large hemangiomas when diagnostic uncertainty
remains, for uncontrolled symptoms with failed con
servative management, or to address complications
from mass effect. All resected pancreas hemangioma
cases had good outcome, with resolution of symptoms
and no tumor recurrence. Naito (No. 19) reported
surgical removal of a giant pancreatic hemangioma
without recurrence at 6-year follow up. Preoperative
suspicion, use of intra-operative ultrasound and frozen
sections may help in determining the best surgical
method, e.g., enucleation, other more conservative
surgical techniques or an extensive resection.
Current imaging techniques cannot reliably diagnose
pancreas hemangioma from other cystic neoplasm.

Unlike pediatric hemangiomas that mostly involute, adult
pancreatic hemangiomas do not. The natural history
of adult pancreas hemangiomas is unknown. They
appear to be very slow growing and have no malignant
potential. Over a 7 years period, a hemangioma grew
from 2 cm to 5 cm (No. 14). Pancreatic hemangiomas,
even when large, rarely obstruct or infiltrate
adjacent structures. Although the possibility of future
complications (spontaneous or traumatic rupture,
bleeding, pancreatitis, infection, etc.) is present, a
conservative approach can be considered, if confident
diagnosis is made preoperatively. Five cases are reported
to be managed by observation strategy. However, details
regarding surveillance and outcomes are not known.
Propranolol, corticosteroid, interferon alpha, vincristine,
cyclophosphamide and radiotherapy have been used to
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Newer techniques like contrast enhanced US, PET scan,
elastography, etc. may be tried in future. Early suspicion
by clinicians and radiologists is crucial. Although rare,
pancreatic hemangioma should be considered in the
differential diagnosis.

3
4

COMMENTS
COMMENTS

5

Case characteristics

An 18-year-old female with nausea, vomiting and epigastric pain for 3 mo and a
5 cm x 6 cm non-enhancing cystic mass in the head of pancreas on computed
tomography scan.

6
7

Clinical diagnosis

Epigastric tenderness but no mass on examination.

8

Differential diagnosis

9

Laboratory diagnosis

10

Pancreatic neoplasm, pancreatic cyst

Complete blood counts, complete metabolic panel, serum amylase and lipase,
coagulation panel, fasting lipid profile, serum CA 19-9 and carcinoembryonic
antigen levels were normal.

11

Imaging diagnosis

Magnetic resonance imaging showed a 5.3 cm x 6.2 cm, heterogeneous, multiseptated, predominantly cystic mass in the head of the pancreas, with variable
T1W and T2W signal intensity and differential diagnoses included: serous
cystadenoma, solid pseudopapillary neoplasm, inflammatory cyst and mucinous
cyst.

12

13

Pathological diagnosis

14

endoscopic ultrasonography guided fine needle aspiration cytology was
negative for malignancy; post resection histopathology (blood-filled cavernous
spaces lined by flat endothelium) and immunohistochemistry (CD31, CD34
positive and AE1/AE3, CAM 5.2 negative) confirmed the diagnosis of
hemangioma.

15

Treatment

16

Related reports

17

Pylorus preserving pancreatoduodenectomy.

Cavernous hemangioma of pancreas is a rare condition and preoperative
diagnosis is difficult. Cases reported in English literature were reviewed to
identify clinicopathological and radiological characteristics of these tumors.

18

Experiences and lessons

Pancreas hemangiomas are rare benign tumors that mimic other more
common lesions of pancreas. Confident preoperative diagnosis is challenging.
Symptomatic patients need resection that also establishes the diagnosis.

19

Peer-review

20

This article describes the clinical, radiological and pathological features of a
case of cavernous hemangioma of pancreas and also provides a literature
review of the reported cases.

21
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Abstract
Lymph node status is considered a key prognostic
and predictive factor in patients with gastric cancer
(GC). Although there is a practical approach to the
intraoperative detection of sentinel lymph nodes (SLNs),
such a procedure is not included in the European
surgical protocol. In this report, we present a practical
approach to SLN mapping in a representative case
with early gastric cancer (EGC). A 74-year-old female
was hospitalized with an endoscopically observed,
superficially ulcerated tumor located in the antral
region. Subtotal gastrectomy with D2 lymphadenectomy
and SLN mapping was performed by injecting
methylene blue dye into the peritumoral submucosal
layer. An incidentally detected blue-stained lymph node
located along the middle colic artery was also removed.
This was detected 40 min after injection of the
methylene blue. Histopathologic examination showed
a pT1b-staged well-differentiated HER-2-negative
adenocarcinoma. All of the 41 LNs located at the first,
third, and fifth station of the regional LN compartments
were found to be free of tumor cells. The only lymph
node with metastasis was located along the middle colic
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poorly cohesive carcinomas) and radical gastrectomy
[1-4]
in the other cases .
In Eastern Europe, gastrectomy with D1/D2 lym
phadenectomy is still considered the gold standard,
even in EGC. Although there is a debate regarding D1
vs D2 lymphadenectomy, based on the duration of
surgery and patient’s quality of life, studies performed
in dedicated centers showed that the morbidity and
mortality rate was approximately 0.5% and 2%,
respectively, in D2, and not significantly different from
D1. Based on these facts, recent guidelines require
at least 15 regional lymph nodes for accurate tumor
staging, and indicate D2 dissection as the standard
[1-4]
procedure, in surgically-removed tumors . For the
correct identification of high-risk lymph nodes, sentinel
[3]
node mapping may be helpful .
Moreover, in EGC, patients’ quality of life seems to
be mainly influenced by the extent of resection and
not the extent of lymphadenectomy. Independently,
based on tumor stage, the morbidity and mortality
of gastrectomy is high, ranging from 10% to 20%.
These aspects highlight the necessity for changing
therapeutic management, to reduce postoperative
morbidity. The number of cases in which EMR/ESD is
performed instead of surgery has increased. However,
in low-income countries this change is not yet possible
due to financial status, which does not allow a proper
preoperative evaluation that includes endoscopic and
computed tomography examinations of the thoracic
and abdominal cavity, and does not facilitate proper
screening programs. In these countries, gastrectomy
with proper lymph node excision remains the
standard, even in EGC. Taking into account the fact
that the incidence of lymph node metastasis in EGC is
[1,4]
3%-24% , the introduction of an inexpensive and
reliable system of preoperative evaluation of lymph
node status is mandatory.
Although it is not universally accepted, due to the
high rate of false negative results in intraoperatively
[5]
examined nodes , the detection of sentinel lymph
nodes (SLNs) is considered useful because the gastric
[6]
lymphatic drainage can have aberrant flow with
[5]
identified sentinel nodes outside the lymphatic basin .
The rate of false-negative results for intraoperativelyexamined lymph nodes depends on the clinical
experience of the surgeon and the intraoperative
method of detection (i.e., blue dye, indocyanine
green), but is also related to the fact that only one
plane-frozen sections can be performed to examine
the nodes in a short-time and to retain tissue for
further paraffin-embedding; micro-metastases cannot
be detected intraoperatively. Even in large centers,
intraoperative false-negative results were reported
in more than 40% of cases; in paraffin-embedded
[5]
sections, postoperatively, the rate was 14% .
Postoperatively, this rate also depends heavily on
the method of SLN analysis (i.e., IHC, RT-qPCR), the
number of intraoperatively examined lymph nodes and

artery and was considered a non-regional lymph node.
This incidentally identified skip metastasis indicated
stage Ⅳ GC. A classic chemotherapy regimen was
given, and no recurrences were observed six months
after surgery. In this representative case, low-cost SLN
mapping, with a longer intraoperative waiting time,
totally changed the stage of the tumor in a patient with
EGC.
Key words: Early gastric cancer; Sentinel lymph node;
Lymph node metastasis; Skip metastasis; Middle colic
artery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this paper was to report an
unusual case of early gastric cancer in which sentinel
node mapping totally changed the tumor staging and
therapeutic protocol.
Bara T Jr, Gurzu S, Jung I, Kadar Z, Sugimura H, Bara T. Single
skip metastasis in sentinel lymph node: In an early gastric cancer.
World J Gastroenterol 2015; 21(33): 9803-9807 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i33/9803.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i33.9803

INTRODUCTION
The term “early gastric cancer (EGC)” is used for
gastric carcinomas with invasion limited to mucosa/
muscularis mucosae (pT1a stage) or submucosal
layer of the stomach (pT1b). Although the 5-year
survival rate in EGC is reported to be about 90%,
recurrences and metastases in the lymph nodes, liver,
[1]
and even bones can occur . For proper therapeutic
management, careful preoperative evaluation of the
lymph node status, tumor size and depth of infiltration
is mandatory for accurate preoperative staging. Based
on the international well-defined guidelines, with
some national particularities, tumor resection consists
of endoscopic mucosal resection (EMR), endoscopic
[1-3]
submucosal dissection (ESD) or surgical excision .
The EMR is recommended for pT1a-staged nonulcerated/non-metastatic differentiated carcinomas
with diameter less than 2 cm. In ulcerated pT1adifferentiated carcinomas, EMR is indicated for tumors
[1-3]
smaller than 1 cm . ESD is recommended for nonmetastatic differentiated carcinomas larger than 2
cm, with early invasion in the submucosa (pT1b), that
do not involve associated angiolymphatic invasion.
In larger tumors, poorly cohesive carcinomas (that
are associated with a higher risk for metastases),
metastatic cases (pN1-3 or M1), and advanced car
cinomas (pT 2-4), gastrectomy is recommended; subtotal gastrectomy in carcinomas with at least 5 cm free
margin up to the gastro-esophageal junction (8 cm in
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6 (lymph node compartment Ⅰ); stations 7, 8, 9,
and 12 (compartment Ⅱ); and lymph node stations
15 (compartment Ⅳ), respectively, was performed
(Table 1).
Gross examination of the surgical specimen showed
a 35 mm × 20 mm ulcerated tumor of the antrum and
lesser curvature with a maximum thickness of 10 mm
(Figure 2), which was microscopically shown to be a
pT1b-staged well-differentiated adenocarcinoma. The
deepest level of infiltration was the middle third of the
gastric submucosa.
With regard to the lymph nodes, a total of 41 lymph
nodes were identified, including those of the middle
colic artery. Of the 41 nodes, with the exception of the
4 intraoperatively detected SLNs (2 from station 5 and
2 from station 15), another 8 nodes were stained blue
(4 from station 3, 1 from station 6, and 3 from station
7). Of the 41 nodes, 40 were free of tumor cells. The
only positive node was one of the two blue-stained
nodes that were incidentally seen intraoperatively
at the level of the middle colic artery; this node was
considered a skip metastasis (Table 1). Because this
lymph node station was far from the primary tumor,
[7]
this was considered to be a distant metastasis , and
the final tumor stage was pT1N0M1 (stage Ⅳ). There
were no tumor implants in the omentum, no invasion
in blood vessels, and no intraoperatively detected liver
metastasis. All the resection margins were free of
tumor.
The immunohistochemical and molecular exami
nations showed a p53/CDH1-wild type-tumor that
displayed positivity for E-cadherin, keratin 7 and 20, and
a cytoplasmic pattern of maspin; p53 and Ki67 nuclear
expression was seen in over 70% of the tumor cells.
HER-2 was not expressed by the tumor cells.
In terms of tumor proximity, an unusual proliferation
of extremely large vessels with thick or thinner walls
was noted in the mucosa and submucosa, which
corresponded to Dieulafoy’s lesion. Due to HER-2
negativity, trastuzumab was not included in the
postoperative oncologic therapy. A classic chemotherapy
regimen was recommended. The postoperative
evolution was favorable; no recurrences or metastases
were reported six months after surgery.

Lesser curvature

Greater curvature

Antrum

Figure 1 Intraoperative sentinel lymph node mapping with methylene blue
dye injected into the submucosal layer, in a patient with gastric cancer of
the antrum. The sentinel nodes are seen in the lesser curvature (arrow).

the number of sections per examined node.
In this paper, we present a representative case in
which the accurate detection of SLN totally changed
the postoperative therapeutic protocol in a patient with
EGC.

CASE REPORT
A 74-year-old previously healthy female was hos
pitalized due to an episode of hematemesis. Upper
endoscopy detected 3 cm × 2.5 cm ulcerated tumor
located in the antrum. Histopathologic examination
of the biopsy specimen showed a well-differentiated
adenocarcinoma limited to the gastric submucosa; it
was decided to perform subtotal gastrectomy with D2
lymphadenectomy and intraoperative SLN mapping
by injecting 2 mL of methylene blue dye into the
submucosal layer of the stomach, in the neighborhood
of the tumor, circumferentially at four cardinal points
(Figure 1). This injection was carried out before
mobilization of the stomach to avoid alteration of
[5]
lymphatic drainage . A signed written consent for the
surgical intervention was obtained from the patient.
Following submucosal injection of methylene blue
(Figure 1), we waited 10 min and then removed the
first two blue-stained nodes, which were located at
th
the 5 station (lesser curvature) and considered SLNs
(Figure 1); both nodes were submitted for frozen
tissue section and found to be free of tumor.
Standard subtotal gastrectomy and D2 lympha
denectomy were carried out. However, during the
second phase of surgery (40 min after injection of
methylene blue), two blue-stained lymph nodes
were incidentally detected at the level of the middle
th
colic artery, considered the 15 lymph node station;
these were removed, together with seven other nonstained neighboring nodes. Finally, lymphadenectomy
which included lymph node stations 1, 3, 4, 5, and

WJG|www.wjgnet.com

DISCUSSION
Data regarding the concept of SLN in surgical practice
[8]
were first presented by Morton et al in 1992; since
then, SLN detection has become a standard of care
in patients with melanoma and is used in cancers of
[9,10]
other organs, such as the breast and colon
.
With regard to gastric cancer, the application of SLN
[11]
was first carried out in 2001 by Hiratsuka et al ’s team,
who used indocyanine green in T1 and T2 cases, with
a success rate of 99%. Later, the same team reported
a high rate of false-negative results in T1 cases, using
[5]
indocyanine green . To increase the sensitivity, a
double-marker method that used radioactive colloids
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Table 1 Distribution of the identified lymph nodes
Lymph node
Total number
Total number of blue nodes
compartment of lymph nodes Detected intraoperatively by surgeon (SLN) Detected postoperatively by pathologist
Ⅰ
Ⅱ
Ⅳ

Total

19
16
7
42

2
2
4

5
3
8

Total number
of positive blue nodes
1
1

SLN: Sentinel lymph node.

of the middle colic artery should also be checked
intraoperatively and removed if there is any suspicion
of metastatic involvement. To date, no data regarding
the impact of middle colic artery node removal with
standard D2 lymphadenectomy have been published.
Special attention should also be paid to gastric
stump cancer and cases with vascular malformations,
such as Dieulafoy lesions, which can also be associated
[16]
with aberrant lymphatic drainage . Because most
gastric vascular malformations are undiagnosed,
hematemesis may be a valuable clinical sign, especially
when only one episode occurs, without any other
symptoms, such as in the current case.
In the case under study, which showed several
indicators of node metastases risk, such as tumor
size larger than 3 cm, ulceration, location in the
distal stomach, involvement of the submucosa, and
associated vascular malformation, the correct staging
and therapeutic management were carried out as
a result of a long waiting time in SLN mapping and
the detection of a single skip metastasis in an extraregional lymph node. In view of the low cost and the
absence of associated side effects in GC, we suggest
that all blue stained nodes, whether identified in vivo
or ex vivo, should be considered as SLNs.

Figure 2 The early gastric cancer was an ulcerated tumor of the antrum
and lesser curvature.
[6,12]

and blue dye was recommended for EGC
. In the
most recent report, non-exposed endoscopic wallinversion surgery with sentinel node basin dissection
was suggested as the standard of care in patients with
[13]
EGC and a high risk of node metastases .
In the present case, the intraoperative examination
of SLNs also revealed a preliminary false-negative
result. However, in contrast to other studies, in which
SLNs are removed first (10-15 min after injection of
the dye) and then gastrectomy and lymphadenectomy
[5]
are performed , we waited for the intraoperative
histopathologic report before carrying out the
gastrectomy. During this waiting period, the methylene
blue dye migrated to the skip metastatic nodes located
along the middle colic artery.
This case suggests that, due to aberrant drainage
of the lymphatic fluid and a high rate of skip meta
stases, which is approximately 5% in EGC and 17% in
[14]
advanced GC , SLN mapping can influence the tumor
staging protocol. Increasing the period of waiting
can increase the number of detected nodes and the
sensitivity of SLN mapping. Although most of the skip
metastases were detected in the lymph nodes located
in stations 7 and 8 (compartment Ⅱ) and in the para[4]
aortic station , especially in tumors located in the
[15]
lesser curvature and distal stomach , the nodes
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COMMENTS
COMMENTS
Case characteristics

A 74-year-old female with an early gastric cancer and skip metastasis.

Clinical diagnosis

Hematemesis and ulcerated tumor of the stomach, at upper endoscopy.

Differential diagnosis

Chronic peptic ulcer, gastric metastasis.

Imaging diagnosis

Due to the diagnosis of adenocarcinoma in the gastric biopsy specimen,
gastrectomy was performed without supplementary investigations.

Pathological diagnosis

Examination of the surgical specimen from the stomach revealed a welldifferentiated adenocarcinoma with invasion in the middle third of the
submucosal layer.

Treatment

Classic chemotherapy. HER-2 negativity did not allow therapy with trastuzumab.
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Related reports

6

No reported cases of EGC and skip metastasis at the level of the middle colic
artery.

Term explanation

Skip metastasis is a “jump” or discontinuous nodal metastasis that occurs as a
result of aberrant lymphatic flow.

7

Experiences and lessons

8

This case report highlights the aberrant behavior of EGC. An inexpensive
method of sentinel lymph node mapping could modify the therapeutic guideline
(the type of lymphadenectomy) in patients with EGC.

9

Peer-review

This article showed the benefits of the proper surgeon-pathologist team work.
It shows the inexpensive way of a proper diagnosis, evaluation and therapy of
EGCs with aberrant behavior.

10
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Abstract
A 50-year-old male was referred to our hospital for the
evaluation of hyperproteinemia. Fluorodeoxyglucose
positron emission tomography revealed high flu
orodeoxyglucose uptake in the pancreas, bilateral
lacrimal glands, submandibular glands, parotid glands,
bilateral pulmonary hilar lymph nodes, and kidneys.
Laboratory data showed an elevation of hepatobiliary
enzymes, renal dysfunction, and remarkably high
immunoglobulin (Ig) G levels, without elevated serum
IgG4. Abdominal computed tomography revealed
swelling of the pancreatic head and bilateral kidneys.
Endoscopic retrograde cholangiopancreatography
showed an irregular narrowing of the main pancreatic
duct in the pancreatic head and stricture of the
lower common bile duct. Histological examination
by endoscopic ultrasonography-guided fine-needle
aspiration revealed findings of lymphoplasmacytic
sclerosing pancreatitis without IgG4-positive plasma
cells. Abnormal laboratory values and the swelling
of several organs were improved by the treatment
with steroids. The patient was diagnosed as having
type 1 autoimmune pancreatitis (AIP) based on the
International Consensus Diagnostic Criteria. Therefore,
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A

we encountered a case of compatible type 1 AIP
without elevated levels of serum IgG4 or IgG4-positive
plasma cells. This case suggests that AIP phenotypes
are not always associated with IgG4.

B

C

Key words: IgG4-related disease; Steroid; Intestinal
nephritis; Other organ involvement
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Type 1 autoimmune pancreatitis (AIP) is
regarded as a pancreatic lesion of IgG4-related disease
(IgG4-RD). However, the role of IgG4 in AIP or IgG4RD phenotypes has not been established. This patient
was diagnosed with compatible type 1 AIP according
to the International Consensus Diagnostic Criteria
without an elevation of serum IgG4 levels or IgG4positive plasma cells. This case suggests that type 1
AIP phenotypes do not require IgG4 elevation.

Figure 1 Findings of fluorodeoxyglucose-positron emission tomography.
Positron emission tomography revealed high fluorodeoxyglucose uptake
in various organs (uptake is indicated by circles). A: Submandibular glands
(SUVmax 5.6) and parotid glands (SUVmax 5.8); B: Pancreas (SUVmax 4.2); C:
Bilateral hilar of lymph nodes (SUVmax 7.3) and both kidneys (SUVmax 6.2).

disease that presents with high serum levels of IgG4
and the enlargement of various organs including
lacrimal glands, salivary glands, thyroid glands,
lungs, pancreas, kidneys, and retroperitoneum. The
histopathology of IgG4-RD includes remarkable IgG4positive cell infiltration into plasma, fibrosis, and
obliterative phlebitis. Type 1 AIP is considered to be
a pancreatic lesion of IgG4-RD. However, the role of
IgG4 in the phenotypic expression of AIP or IgG4-RD
has not been clarified.
Here, we report a case of AIP compatible with type
1 AIP but without elevated levels of serum IgG4 and
IgG4-positive plasma cells. This case suggests that the
phenotype of type 1 AIP does not require an elevation
of IgG4.

Nakano E, Kanno A, Masamune A, Yoshida N, Hongo S,
Miura S, Takikawa T, Hamada S, Kume K, Kikuta K, Hirota
M, Nakayama K, Fujishima F, Shimosegawa T. IgG4-unrelated
type 1 autoimmune pancreatitis. World J Gastroenterol 2015;
21(33): 9808-9816 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i33/9808.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i33.9808

INTRODUCTION
[1]

In 1995, Yoshida et al proposed autoimmune pan
creatitis (AIP) as a diagnostic entity and summarized
the clinical features as follows: increased serum
γ-globulin or immunoglobulin (Ig) G levels and the
presence of autoantibodies; diffuse irregular narrowing
of the main pancreatic duct (MPD) and enlargement
of the pancreas; the occasional concurrent stenosis of
the lower bile duct and other autoimmune diseases;
mild symptoms, usually without attacks of acute
pancreatitis; the effectiveness of steroid therapy; and
histological findings of lymphoplasmacytic sclerosing
[2]
pancreatitis (LPSP) . With the accumulation of similar
cases in Japan, the Japan Pancreas Society (JPS)
proposed the world’s first clinical diagnostic criteria for
[3]
AIP in 2002 . Thereafter, diagnostic criteria for AIP
have been proposed in several countries after the report
of an extensive number of cases worldwide. Therefore,
the International Consensus Diagnostic Criteria (ICDC)
were established to form an international standard.
[4]
In 2001, Hamano et al reported that elevated
serum IgG4 levels were highly specific and sensitive
for the diagnosis of AIP. IgG4 has a pivotal role in
the diagnosis and pathogenesis of AIP. Recently,
the concept of IgG4-related disease (IgG4-RD) was
[5]
proposed , and the diagnostic criteria for IgG4-RD
[6]
were established in 2011 . IgG4-RD is a specific

WJG|www.wjgnet.com

CASE REPORT
A 50-year-old male with a history of hypertension
was referred to our hospital for the evaluation of
hyperproteinemia [total protein (TP), 10.0 g/da;
normal range, 6.7-8.1]. He was diagnosed with
hypergammaglobulinemia, and a bone marrow biopsy
and fluorodeoxyglucose (FDG)-positron emission
tomography (PET) were performed to rule out multiple
myeloma. Multiple myeloma was excluded based on
the bone marrow results; however, FDG-PET revealed
high FDG uptake in several enlarged organs (Figure
1A-C). The patient was admitted to our department
for further examination of the pancreas, which was
swollen and exhibited high FDG uptake. A physical
examination showed elastic, painless, and persistent
swelling of the salivary and lacrimal glands. Laboratory
data revealed elevated levels of alkaline phosphatase
(ALP 386 IU/l; normal range, 115-359) and γ-glutamyl
transpeptidase (γ-GTP 101 IU/l; normal range,
10-47), renal dysfunction [creatinine (Cr), 1.36 mg/
dl; normal range, 0.44-1.15], and elevated levels
of pancreatic enzymes (Amylase 245 IU/l; normal
range, 37-125; Lipase 339 IU/l; normal range, 6-48).
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Table 1 Laboratory data on admission
Test

Result

Reference
range

Test

Result

Reference
range

Test

Result

Reference
range

WBC (103/µL)
RBC (106/µL)
Hb (g/dL)
Ht (%)
Plt (103/µL)

6.0
3.24
9.6
28.4
215

4.0-9.0
4.27-5.70
14.0-18.0
40.0-52.0
150.0-350.0

30-150
130-220
68-109
4.6-6.2
0.0-0.3

0.2-1.0
115-359
10-47
8-38
4-43
119-229
6-48
37-125

6.7-8.1
54.6-66.1
2.7-4.3
6.2-10.5
5.0-7.5
3.5-6.6
12.3-22.8
3.8-5.3
8-20
0.44-1.15
136-141
3.5-5.1
98-107
8.6-10.1

42
85
110
6.4
0.5

0.4
386
101
28
18
187
339
245

10.0
26.2
3.0
6.5
3.7
n.c.
60.6
2.4
18.0
1.36
136.0
3.8
105.0
8.0

TG (mg/dL)
TC (mg/dL)
GLU (mg/dL)
HbA1c (%)
CRP (mg/dL)

T-Bil (IU/L)
ALP (IU/L)
γ-GTP (IU/L)
AST (IU/L)
ALT (IU/L)
LDH (IU/L)
Lipase (IU/L)
Amylase (IU/L)

TP (g/dL)
Albumin (%)
Alpha 1 (%)
Alpha 2 (%)
Beta 1 (%)
Beta 2 (%)
Gamma (%)
Alb (g/dL)
BUN (mg/dL)
Cr (mg/dL)
Na (mEq/L)
K (mEq/L)
Cl (mEq/L)
Ca (mg/dL)

IgG (mg/dL)
IgG1 (mg/dL)
IgG2 (mg/dL)
IgG3 (mg/dL)
IgG4 (mg/dL)
ANA (mg/dL)
CEA (ng/dL)
CA19-9 (U/mL)

6564
4863
919
703
78.2
(-)
1.1
11.3

870-1700
320-748
208-754
6.6-88.3
4.8-105
0.0-5.0
0.0-37.0

TP: Total protein; ALP: Alkaline phosphatase; GTP: Glutamyl transpeptidase.

A

B

Figure 2 Findings of abdominal computed tomography. A: Localized swelling of the head of the pancreas (short arrows); B: Mild dilation of the upstream main
pancreatic duct (long arrow), a thickened common bile duct wall (short arrow), and swelling of the kidneys.

The serum IgG levels were extremely high (6662 mg/
dl; normal range, 870-1700); however, the serum
IgG4 levels were normal (78.2 mg/dl; normal range,
4.8-105) (Table 1). Abdominal computed tomography
(CT) revealed localized swelling of the head of the
pancreas (Figure 2A), mild dilation of the upstream
main pancreatic duct (MPD), a thickened common
bile duct (CBD) wall, and swelling of the bilateral
kidneys (Figure 2B). Endoscopic ultrasonography
(EUS) showed hypoechoic swelling of the head of the
pancreas and diffuse thickening of the CBD wall (Figure
3). Endoscopic retrograde cholangiopancreatography
findings demonstrated irregular narrowing of the MPD
in the head of the pancreas, dilation of the upstream
MPD (Figure 4A), and a lower bile duct stricture
(Figure 4B). Intraductal ultrasonography detected
diffuse thickening of the bile duct wall (Figure 4C).
We performed endoscopic ultrasonography-guided
fine-needle aspiration (EUS-FNA) using a 19-gauge
TM
needle (Expect ; Boston-Scientific). Histological
examination of the aspirate revealed marked
lymphoplasmacytic infiltration (Figure 5A), storiform
fibrosis, and obliterative phlebitis (Figure 5B).
Immunohistochemistry showed an infiltration of CD38-

WJG|www.wjgnet.com

positive plasma cells (Figure 5C and D); however,
the infiltrating plasma cells were negative for IgG4
(Figure 5E). Furthermore, percutaneous biopsies of the
swollen salivary glands and kidneys were performed
to evaluate Mikulicz disease and intestinal nephritis.
The results revealed remarkable lymphoplasmacytic
infiltration and fibrosis. The histological diagnoses
were sialadenitis and interstitial nephritis; however, the
absence of IgG4-positive plasma cells was similar to
the histological findings in the pancreas.
Prednisolone was orally administered at a dose of
30 mg/d to treat AIP and intestinal nephritis. After 3
wk of 30 mg/d dosing, the patient was weaned on 25
mg/d for 2 wk followed by 20 mg/d for 7 wk. Renal
dysfunction and elevated hepatobiliary enzymes,
pancreatic enzymes, and IgG improved with steroid
treatment (Table 2). In addition, imaging modalities
revealed that the enlargement of several organs,
such as the pancreas, kidneys, salivary glands, and
submandibular glands, was improved (Figure 6). FDG
uptake in various organs was also reduced on FDGPET (Figure 7).
The patient was diagnosed with AIP according to
the ICDC, including pancreatic parenchymal imaging,
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A

B

C

Figure 3 Findings of endoscopic ultrasonography. Endoscopic ultrasonography revealed hypoechoic swelling of the pancreatic head (A: arrowheads), mild
dilation of the upstream main pancreatic duct (B: arrowheads), and diffuse thickness of the common bile duct wall (C: arrowheads).

irregular narrowing of MPD, other organ involvement
(OOI), pancreas histology, and response to steroids;
however, the serum IgG4 levels were not elevated. The
patient was treated continuously with maintenance
doses of prednisolone and was relapse-free after
approximately 1 year.

A

DISCUSSION
[1]

B

The concept of AIP was proposed by Yoshida et al
in 1995. Recent studies suggested that there are two
[7-9]
distinct subtypes of AIP: type 1 and type 2 . The
[10]
histological descriptions of type 1 and 2 AIP are LPSP
and idiopathic duct-centric pancreatitis (IDCP) or
[11]
granulocytic epithelial lesion (GEL) , respectively. The
characteristic histological features of type 1 AIP are
as follows: (1) marked lymphoplasmacytic infiltration
with fibrosis and without granulocytic infiltration; (2)
storiform fibrosis; (3) obliterative phlebitis; and (4)
abundant [> 10 cells/high-power field (HPF)] IgG4positive plasma cells. Type 1 AIP also has several
specific clinical manifestations, such as increased
serum levels of IgG4 and OOI and responsiveness to
[7]
steroids . Recently, IgG4-RD was recognized as a
novel clinical entity with multiorgan involvement that
is associated with the abundant infiltration of IgG4[5,6]
positive plasma cells . IgG4 may play a central
role in the clinical features of IgG4-RD; however, the
detailed pathophysiological mechanisms behind these

C

Figure 4 Findings of endoscopic retrograde cholangiopancreatography and
intraductal ultrasonography. Endoscopic retrograde cholangiopancreatography
revealed an irregular narrowing of the main pancreatic duct (MPD) in the
pancreatic head and dilation of the upstream MPD (A); There was a lower bile
duct stricture (B); and intraductal ultrasonography showed diffuse thickening of
the bile duct wall (C).

WJG|www.wjgnet.com
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A

B

C

D

E

Figure 5 Histological findings of pancreas specimens. The histological examination revealed marked lymphoplasmacytic infiltration, storiform fibrosis, and
obliterative phlebitis (arrowheads). Immunostaining showed CD38-positive plasma cells and CD163-positive spindle macrophage infiltration. However, no IgG4-positive
plasma cells were detected. A: Hematoxylin and eosin staining (magnification × 200 ); B: Elastica-Masson’s staining (magnification × 200); Immunohistochemical
staining for CD38 (C), CD163 (D), and IgG4 (E) are also shown at magnification × 100.

Table 2 Laboratory data after steroid therapy
Test

Result

Reference
range

Test

Result

Reference
range

Test

Result

Reference
range

WBC (103/µL)
RBC (106/µL)
Hb (g/dL)
Ht (%)
Plt (103/µL)

9.3
4.31
12.6
38.4
203

4.0-9.0
4.27-5.70
14.0-18.0
40.0-52.0
150.0-350.0

30-150
130-220
68-109
4.6-6.2
0.0-0.3

0.2-1.0
115-359
10-47
8-38
4-43
119-229
6-48
37-125

6.7-8.1
54.6-66.1
2.7-4.3
6.2-10.5
5.0-7.5
3.5-6.6
12.3-22.8
3.8-5.3
8-20
0.44-1.15
136-141
3.5-5.1
98-107
8.6-10.1

78
197
96
5.8
0.1

0.5
292
30
16
20
203
22
44

7.1
57.6
4.7
10.2
5.7
3.4
18.4
3.9
25.0
0.98
140
4.4
104
9.3

TG (mg/dL)
TC (mg/dL)
GLU (mg/dL)
HbA1c (%)
CRP (mg/dL)

T-Bil (IU/L)
ALP (IU/L)
γ-GTP (IU/L)
AST (IU/L)
ALT (IU/L)
LDH (IU/L)
Lipase (IU/L)
Amylase (IU/L)

TP (g/dL)
Albumin (%)
Alpha 1 (%)
Alpha 2 (%)
Beta 1 (%)
Beta 2 (%)
Gamma (%)
Alb (g/dL)
BUN (mg/dL)
Cr (mg/dL)
Na (mEq/L)
K (mEq/L)
Cl (mEq/L)
Ca (mg/dL)

IgG (mg/dL)
IgG4 (mg/dL)
CEA (ng/dL)
CA19-9 (U/mL)

1487
3.9
1.3
12.7

870-1700
4.8-105
0.0-5.0
0.0-37.0

effects are unclear.
This case was diagnosed with definitive type 1
AIP according to the ICDC and pancreas histology
(LPSP; level 1). In this patient, parenchymal imaging,
ductal imaging, and OOI were all level 2. Based on
his response to steroid treatment, the only probable
diagnosis was type 1 AIP. However, lymphoplasmacytic
sclerosing pancreatitis without IgG4-positive plasma
cells was detected in the pancreas fine needle aspirate
specimens. ICDC recommends obtaining a core
biopsy specimen or resection specimen for histological
evaluation. However, we have previously reported

WJG|www.wjgnet.com

that histological diagnosis of AIP is possible from an
[12]
EUS-FNA specimen obtained using a 22G needle .
In the present case, we showed that EUS-FNA using
a 19G needle provides an adequate tissue sample for
histological diagnosis. Serum IgG4-negative AIP has
[13-16]
been reported in several studies
and pediatric cases
[17]
have also been reported . These reports described
that IgG4-negative AIP presents with weak symptoms
[13]
such as abdominal pain and jaundice
as well as
the appearance of OOI compared to IgG4-positive
[13,15,16]
AIP
. The present case exhibited significant OOI in
several organs, including the pancreas; however, there
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Before

After

Figure 6 Findings of computed tomography after steroid therapy. Computed tomography showed improved the enlargement of the pancreas (indicated
arrowheads) and kidneys.

Before

After

Before

After

Figure 7 Findings of fluorodeoxyglucose-positron emission tomography after steroid therapy. Fluorodeoxyglucose (FDG)-positron emission tomography
showed reduced FDG uptake in various organs.

was no elevation of the serum IgG4 levels or IgG4positive plasma cell infiltration in the pancreas, salivary
gland, or kidneys. In addition, the histological findings
in this case revealed type I AIP without abundant IgG4positive plasma cells. Since this case was not type 2
AIP and there was no IgG4-related type 1 AIP activity,
the pathophysiological mechanism of this case may be
different from the IgG4-negative AIP cases reported
previously.

WJG|www.wjgnet.com

The mechanism by which IgG4 is produced is
unclear. Several studies examining the mechanism of
IgG4 production have been reported, including a T celldependent pathway and a T cell-independent pathway.
For the T cell-dependent pathway, recent studies have
described the increased production of regulatory T cell
[18-20]
(Treg) and IL-10 in IgG4-RD tissues
. In addition,
IL-10 was secreted by inducible costimulatory molecule
(ICOS)-positive Tregs. The increased number of ICOS-
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A

B

C

D

E

F

Figure 8 Histological findings of pancreas and salivary gland specimens. Pancreas and salivary gland tissues exhibited increased CD3-positive T cell infiltration
compared with CD20-positive B cell infiltration. A-C: Pancreas (magnification × 100); D-F: salivary gland (magnification × 100); A, D: Hematoxylin and eosin staining; B,
C, E, F: Immunohistochemical staining for CD38 (B, E) and CD20 (C, F).

presentation is the result of a suppressed T cellindependent pathway, or of BAFF-mediated, reduced
IgG4 production. The accumulation of further cases
similar to the present one is required to clarify the
pathogenesis of AIP.
In conclusion, we treated a patient with AIP whose
symptoms were compatible with type 1 AIP but who
did not show elevated serum IgG4 or IgG4-positive
plasma cells in any involved organs. This finding
suggests that the pathogenesis of type 1 AIP is not
always associated with a mechanism involving the
overproduction of IgG4.

positive Tregs correlated with the production of IL-10,
which may influence the switching of B cells into IgG4producing plasmacytes and the production of serum
[21]
IgG4 . In contrast, the T cell-independent pathway
involves the activation of toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain (NOD)-like
receptors (NLRs) in monocytes by microbial antigens,
which induces the production of IgG4 via the activation
of B cell-activation factor (BAFF)-mediated signaling
[22,23]
pathways
.
There are several possible reasons for the absence
of high serum IgG4 levels and IgG4-positive plasma
cell infiltration in the present case. The first possible
reason is an impaired class switch from IgG to IgG4.
Although the elevated serum IgG concentrations in
this case indicated intact IgG production, the low
proportion of IgG4 suggested an impaired class switch
to IgG4. In addition, immunostaining revealed a
decrease in infiltrating CD20-positive B cells compared
with that in CD3-positive T cells. Greater CD20-positive
B cell infiltration than CD3-positive T cell infiltration is
[13]
commonly observed in IgG4-negative AIP patients .
We evaluated pancreas aspirates with anti-CD3
and anti-CD20 antibodies to establish whether T cells
or B cells were more active. In the present case,
examination of the pancreas and salivary gland tissues
revealed the presence of greater CD3-positive T cell
infiltration than CD20-positive B cell infiltration (Figure
8). This finding was different from that in a previous
[13]
report . Our finding suggests that the IgG4-negative
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Case characteristics

A 50-year-old male was referred to our hospital for the evaluation of
hyperproteinemia.

Clinical diagnosis

The physical examination showed elastic, painless, and persistent swelling of
the salivary and lacrimal glands.

Differential diagnosis

Autoimmune pancreatitis, IgG4-related disease, sialadenitis, interstitial
nephritis.

Laboratory diagnosis

An elevation of hepatobiliary enzymes (386 IU/l alkaline phosphatase, 101 IU/l
g-glutamyl transpeptidase) and pancreatic enzymes (245 IU/l serum amylase,
339 IU/l serum lipase), renal dysfunction (1.36 mg/dl creatinine), and the
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serum levels of IgG were extremely high (6,662 mg/dl); however, serum IgG4
levels were normal (78.2 mg/dl).

6

Imaging diagnosis

fluorodeoxyglucose (FDG)-positron emission tomography revealed high FDG
uptake in the pancreas, both lacrimal glands, submandibular glands, parotid
glands, bilateral pulmonary hilar lymph nodes, kidneys, and an abdominal
computed tomography depicted localized swelling of the pancreatic head, mild
dilation of the upstream main pancreatic duct, a thickened common bile duct
wall, swelling of the bilateral kidneys.

7

Pathological diagnosis

The histological findings by endoscopic ultrasonography-guided fine-needle
aspiration revealed lymphoplasmacytic sclerosing pancreatitis without IgG4positive plasma cells, and percutaneous biopsies of the swollen salivary glands
and kidneys showed remarkable lymphoplasmacytic infiltration and fibrosis.

8

9

Treatment

Prednisolone was orally administered at a dose of 30 mg/d to treat autoimmune
pancreatitis (AIP) and intestinal nephritis.
10

Related reports

Serum IgG4-negative AIP has been reported in several studies. These
reports described that IgG4-negative AIP presents with weak symptoms such
as abdominal pain and jaundice as well as the appearance of other organ
involvement (OOI) compared to IgG4-positive AIP. This patient exhibited
significant OOI in several organs; however, there was no elevation of the serum
IgG4 levels or IgG4-positive plasma cell infiltration. This case might differ from
the IgG4-negative AIP cases reported previously.

11

12

Experiences and lessons

This case exhibited significant OOI in several organs including the pancreas;
however, there was no elevation of the serum IgG4 levels or IgG4-positive
plasma cell infiltration in the pancreas, salivary gland, or kidneys; this case
suggests that the phenotype of type 1 AIP does not require IgG4 elevation.

13

Peer-review

14

The authors have provided an extensive review on the various known
phenotypes of AIP and their case report offers insight into a less common
phenotype. This article suggests that the pathogenesis of type 1 AIP is not
always associated with a mechanism involving the overproduction of IgG4.

15
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Perforated appendiceal diverticulitis associated with
appendiceal neurofibroma in neurofibromatosis type 1
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Abstract
An appendiceal neurofibroma (ANF) is a rare neoplasm
associated with neurofibromatosis type 1(NF-1), an
inheritable neurocutaneous disorder that involves multiple
systems including the intraabdominal organs. Appendiceal
diverticulitis occasionally ruptures in the absence of
intense abdominal pain, which can lead to serious
consequences. Recent reports highlight the association
between appendiceal diverticulum and appendiceal
neoplasms; however, there is still little information on
the association between appendiceal diverticulitis and
ANF in NF-1. A 51-year-old Japanese male with NF-1 was
referred to the division of surgery for mild right lower
quadrant pain. It was suspected he had perforated acute
appendicitis with periappendiceal abscess based on clinical
manifestations and findings of computed tomography.
An emergency appendectomy was conducted. The
pathological examination revealed diffusely proliferated
tumor cells of a neurofibroma, coexistent with multiple
appendiceal diverticulums, leading to the diagnosis of
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perforated appendiceal diverticulitis associated with ANF.
Although he developed a remnant abscess, he recovered
with the conservative treatments of antibiotics and
drainage. This case suggests that appendiceal diverticulitis
might be a complication of appendiceal involvement of
NF-1, and that it occasionally ruptures in the absence of
intense abdominal pain. Clinicians should recognize that
NF-1 can cause various abdominal manifestations.
Key words: Appendiceal diverticulum; Appendiceal
diverticulitis; Neurofibromatosis type 1; Appendiceal
neurofibroma; Appendiceal perforation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Figure 1 Enhanced computed tomography. The abdominal scan showed a
periappendiceal abscess (arrow).

Core tip: An appendiceal neurofibroma (ANF) is a rare
neoplasm associated with neurofibromatosis type 1
(NF-1), an inheritable neurocutaneous disorder that
involves multiple systems including the intraabdominal
organs. Appendiceal diverticulitis occasionally ruptures
in the absence of intense abdominal pain, which
can lead to serious consequences. There is still little
information on the association between appendiceal
diverticulitis and ANF in NF-1. This patient presented
with NF-1 and developed an ANF, complicated with
appendiceal diverticulitis, which highlights the possible
association of appendiceal diverticulitis and ANF in
NF-1. This case could be used to enhance clinicians’
awareness of abdominal manifestations in NF-1.

appendiceal diverticulum and appendiceal neoplasms
[12,13]
has recently been reported
, little is known about
the association between appendiceal diverticulitis and
ANF in NF-1. This report focuses on a patient with NF-1
who developed an ANF, complicated by appendiceal
diverticulitis.

CASE REPORT
A fifty-one-year old Japanese male with NF-1 pre
sented with mild right lower quadrant pain that lasted
one week. He was diagnosed with NF-1 due to caféau-lait spots and cutaneous neurofibromas at age
of twenty-five, thereafter his skin lesions gradually
worsened.
At the initial examination, he was afebrile, but
there was localized rigidity with mild tenderness in
the right lower quadrant. His white blood cell count
was 13580/mL with 84% neutrophils. Serum levels
of C-reactive protein were 7.26 mg/dL (normal value:
< 0.3 mg/dl). An emergent abdominal computed
tomography showed an inflamed and diffusely
thickened appendix and abdominal abscess (Figure
1). Based on the clinical diagnosis of perforated
acute appendicitis with periappendiceal abscess,
an emergency laparotomy was conducted. A lower
midline incision was performed to successfully drain
the abdominal abscess. The appendix was thickened
diffusely, perforated, and surrounded by a malodorous
abscess (Figure 2). The appendix was successfully
resected, and the abscess was drained. During the
surgery, drainage tubes were placed in the rectovesical
pouch and the abscess cavity, respectively. Drainage
from the rectovesical pouch was serous, and the tube
was removed six days after the surgery, when the
amount of drainage decreased. However, even one
week after the surgery, the drainage from the abscess
cavity remained purulent, leading to the diagnosis
of a remnant abscess. The patient received the
conservative treatments of antibiotics and drainage,
and the amount of the exudates via the tube gradually
decreased. The tube was removed twenty-two days

Ozaki A, Tsukada M, Watanabe K, Tsubokura M, Kato S,
Tanimoto T, Kami M, Ohira H, Kanazawa Y. Perforated
appendiceal diverticulitis associated with appendiceal neurofibroma
in neurofibromatosis type 1. World J Gastroenterol 2015;
21(33): 9817-9821 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i33/9817.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i33.9817

INTRODUCTION
Neurofibromatosis type 1 (NF-1) is one of the most
[1]
common inheritable diseases . It is a neurocutaneous
disorder that possesses a high risk of multiple tumor
[2]
formation . It can involve intraabdominal organs as
[1,2]
well as the nervous system and the skin .
An appendiceal neurofibroma (ANF) is a rare
[3-6]
neoplasm associated with NF-1 . It typically presents
[3,4,7]
with an appendicitis-like abdominal pain
. Imaging
study shows an enlarged and diffusely thickened
[4-6]
appendix
. Surgical resection is the standard
[4-8]
treatment .
Appendiceal diverticulitis occasionally ruptures
in the absence of an intense abdominal pain, and
some patients develop serious consequences such as
[9-11]
secondary peritonitis and abdominal abscesses
.
In addition, it is more likely to rupture compared with
[9-11]
acute appendicitis
. While an association between
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A

Figure 2 Surgical findings. The appendix of the patient was diffusely
thickened and inflamed, with perforation.

after the surgery. He was discharged twenty-three
days after the surgery.
The resected appendix was thickened diffusely and
stiffened. A pathological examination showed diffuse
proliferation of the tumor cells of a neurofibroma
(Figure 3A), coexisting with multiple diverticulums
(Figure 3B). The majority of diverticulums were small
in size, causing subtle epithelial herniation. The final
diagnosis was perforated appendiceal diverticulitis
associated with ANF.

B

DISCUSSION
This case suggests that appendiceal diverticulitis may
be a complication of ANF in NF-1. We cannot deny
the possibility of coincidental occurrence of the two
diseases since little information is available concerning
the association between appendiceal diverticulitis and
ANF in NF-1. However, recent studies suggest that
appendiceal diverticulum might be a complication
[12,13]
of appendiceal neoplasms
. It is speculated that
tumor cells proliferating in the appendiceal wall
contribute to elevation of the intraluminal pressure by
obstructing the appendicular root and/or by stiffening
and thickening the appendiceal wall. This process is
thought to lead to the development of appendiceal
[12]
diverticulum and diverticulitis . The present case was
compatible with these reports, considering that the
appendix including its root was diffusely thickened and
stiffened as a result of diffuse proliferation of the tumor
cells. Evidence of elevated intraluminal pressure was
not apparent because the patient presented after the
development of perforation. Furthermore, the status
of NF-1 was progressive in the present case. A recent
study has shown that gastrointestinal neurofibromas
in NF-1, including an ANF, arise during midlife or after
[1]
the development of skin lesions . In the present case,
the majority of appendiceal diverticulums were small
in size, suggesting that they were in the early phase
[13]
of development . Thus, it is reasonable to assume
that appendiceal diverticulums and ANF concurrently
developed. These findings support the possible

WJG|www.wjgnet.com

Figure 3 Pathological findings (Hematoxylin-eosin staining). A: Spindle
shaped tumor cells proliferated diffusely in the interstitium between the crypts,
without forming a distinct mass (magnification × 10); B: Multiple diverticulums
were present in the wall of the appendix. The majority of diverticulums were
small in size, causing subtle epithelial herniation (magnification × 1).

association between appendiceal diverticulitis and ANF
in NF-1.
It is to be noted that the appendix ruptured in the
absence of an intense abdominal pain. This finding
is compatible with previous reports on appendiceal
[9-11]
diverticulitis
, while exact pathogenesis remains
to be clarified. Appendiceal diverticulitis frequently
presents with a mild right lower quadrant pain
and more indolent clinical courses, compared
[9,10]
with acute appendicitis
. However, it can easily
rupture because the development of appendiceal
diverticulum induces the epithelial herniation through
the muscularis propria, which causes the thinning
[10,11,14]
of appendiceal wall
. This case shows that
perforation of the appendiceal diverticulum can cause
a massive abdominal abscess. It is important to
make an early diagnosis, and to initiate appropriate
treatments promptly to avoid severe sequelae such
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neurofibromatosis type 1. Appendiceal diverticulitis occasionally ruptures in
the absence of intense abdominal pain. Although recent reports highlight the
association between appendiceal diverticulum and appendiceal neoplasms,
there is still little information on the association between appendiceal
diverticulitis and appendiceal neurofibroma in neurofibromatosis type 1.

as secondary peritonitis when patients with NF-1
[9-11]
develop appendiceal diverticulitis
. Visualization
of the appendiceal diverticulum using abdominal
ultrasonography might be useful in the preoperative
[11,15,16]
diagnosis of appendiceal diverticulitis
.
NF-1 can cause various abdominal manifestations.
Abdominal neurofibromas can arise from the eso
phagus to the anorectum, and also in the associated
[1]
peritoneal and mesenteric soft tissues . Other than
neurofibromas, gastrointestinal stromal tumors and
[17]
neuroendocrine tumors may occur . An early diagnosis
is important, considering the risk of malignancy and
complications, such as hemorrhage, obstruction, and
[17,18]
perforation
. However, a recent report indicates
abdominal manifestations of NF-1 rarely come into the
mind of clinicians due to a lack of knowledge about
[1]
their frequency and wide clinicopathological spectrum .
Awareness of abdominal manifestations holds great
importance in the management of NF-1, as it has been
shown that a considerable number of patients with NF-1
[17]
develop abdominal tumors .
In conclusion, this case suggests that appendiceal
diverticulitis might be a complication of appendiceal
involvement of NF-1, and that it occasionally ruptures
even in the absence of intense abdominal pain.
Clinicians should recognize that NF-1 can cause various
abdominal manifestations.

Term explanation

An appendiceal neurofibroma is a rare neoplasm associated with neuro
fibromatosis type 1.

Experiences and lessons

This case suggests that appendiceal diverticulitis might be a complication of
appendiceal involvement of neurofibromatosis type 1, and that it occasionally
ruptures in the absence of intense abdominal pain.

Peer-review

This report highlights the possible association of appendiceal diverticulitis
and appendiceal neurofibroma in neurofibromatosis type 1. This case could
be used to enhance clinicians’ awareness of abdominal manifestations in
neurofibromatosis type 1, while whether this case is just rare in clinical settings
or if this case represents other patients remains to be elucidated.
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CASE REPORT

Cutaneous metastasis as an initial presentation of a
non-functioning pancreatic neuroendocrine tumor
Woo Young Shin, Keon Young Lee, Seung Ik Ahn, Shin-Young Park, Keun-Myoung Park

Abstract

Woo Young Shin, Keon Young Lee, Seung Ik Ahn, ShinYoung Park, Keun-Myoung Park, Department of Surgery,
Inha University Hospital, Inha University College of Medicine,
Incheon 400-711, South Korea

Non-functioning pancreatic neuroendocrine tumors
(NF-PNETs) are rare tumors that account for 2% of
all pancreatic malignancy. About 60% of NF-PNETs
present distant metastases and usually hepatic me
tastases. However, cutaneous metastases are very
rare. Herein, we report our experience with a 60-yearold male who visited our outpatient clinic with a mass
on his left hip. An abdominal computerized tomography
scan demonstrated not only a left hip mass and an
enlarged left inguinal lymph node, but also a huge
heterogeneous enhancing mass on the pancreas.
Initially, we removed the metastatic lesions, which was
a small cell neuroendocrine carcinoma with 50% of
the Ki-67 index in the histopathological report. After 3
wk, we performed a total pancreatectomy and a total
st
gastrectomy. Four weeks after the 1 operation, we
detected a recurrence at the operative bed on his left
hip, and subsequently removed the recurring mass.
The patient was receiving chemotherapy based on
etoposide and cisplatin treatment.
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A

INTRODUCTION
Non-functioning pancreatic neuroendocrine tumors
(NF-PNETs) are rare. Based on the data from the
Surveillance, Epidemiology, and End Results (SEER)
Program, NF-PNETs account for 2% of pancreatic
malignancies. The annual worldwide incidence has
been gradually increasing from 1.4 per million in
[1]
1973 to 3.0 per million in 2004 . Clinically, PNETs
are classified as either functional or non-functional
[2]
tumors . While functioning PNETs might secrete
several peptide hormones and cause paraneoplastic
symptoms, NF-PNETs do not cause paraneoplastic
symptoms and present as symptoms of mass effects,
distant metastases, or both. Hence, NF-PNETs are
often diagnosed as late secondary due to their vague
symptoms and rarity. About 60% of NF-PNETs present
[1,3,4]
distant metastases, which are usually hepatic
.
Surgical therapy for NF-PNETs has improved survival
outcome of patients with localized and metastatic
[1,5]
carcinomas . Cytoreductive surgery is recommended
for patients with advanced disease/palliation, and is
[6,7]
known to increase survival .
Cutaneous metastasis of NF-PNET is very rare.
Notably, there have been no reports in which a
patient has suffered from both primary and cutaneous
metastatic lesions. Herein, we present a very rare case
in which high grade NF-NET with cutaneous metastasis
as the first manifestation was subjected to surgical
resection.

B

Figure 1 Gross appearance of the left hip mass (A) and the left inguinal
mass (B).

metastases were not found.
We planned a staged surgery and performed a hip
and inguinal mass excision on December 19, 2014.
The histopathological report revealed a metastatic
small cell neuroendocrine carcinoma with a maximal
diameter of 10.5 cm on the buttock mass and a 7
cm growth on an inguinal lymph node. The mitotic
index was over 50 mitoses per 50 HPF and the Ki-67
index measured at 50%. On January 21, 2015,
we performed a total pancreatectomy and a total
gastrectomy, with the findings revealing a tumor of the
body of the pancreas about 9 cm × 6 cm in diameter
involving the left gastric artery, splenic artery, and
splenic vein. The histopathological report was the same
as that of a metastatic lesion. Additionally, the tumor
had spread to 8 of the 32 lymph nodes (Figure 3).
th
On the 7 post-operative day, the patient developed
a high fever and leukocytosis. We administered an
abdominal CT scan, which revealed infected fluid
collection in the lesser sac and a 4.7 cm-sized recurring
mass which was detected at the operative bed of the
left hip (Figure 4). After infection of the abdominal
cavity was treated by antibiotics, we removed the
left hip recurring mass on February 3, 2015. The
histopathology was the same as in the previous report;
with a maximum diameter of 7.5 cm. The patient was
discharged without other complications on February 9,
2015. He is currently receiving chemotherapy based
on etoposide and cisplatin treatment.

CASE REPORT
A 60-year-old male visited our outpatient clinic with
a mass on his left hip. He had diabetes and alcoholic
hepatitis. On physical examination, a large mass
measuring 10 cm in diameter was observed on his hip
and an approximate 5 cm left inguinal lymph node was
palpable (Figure 1).
Serum tumor markers, including CEA and CA 19-9,
were within normal limits, whereas serum amylase
(227 IU/L, normal range 43-116 IU/L), lipase (378 IU/L,
normal range 7-60), fasting blood sugar (144 mg/dL,
normal range, 70-100 mg/dL), and liver function test
levels [including aspartate aminotransferase (178 IU/L,
normal range, 7-38 IU/L), alanine aminotransferase
(225 IU/L; normal range, 4-43 IU/L), and serum
alkaline phosphatase (370 IU/L, normal range,
103-335 IU/L)] were all above normal ranges.
An abdominal computerized tomography (CT)
scan demonstrated not only a left hip mass and an
enlarged left inguinal lymph node, but also a huge
heterogeneous enhancing mass on the body of
the pancreas (Figure 2). On a PET scan, additional
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A

B

Figure 2 Abdominal computerized tomography scan revealed not only the left hip and inguinal masses (A), but also a heterogeneous enhancing mass on
the body of the pancreas (B).

A

B

Figure 3 Hematoxylin and eosin stain demonstrated the small to medium-sized cells with scanty cytoplasm and hyperchromatic nucleoli (A, magnification
× 200), and the gross appearance of the pancreatic mass (B).

case developed into an umbilical metastasis 2 years
after distal pancreatectomy for an islet cell tumor.
st
The survival outcome of the 1 patient was not
[10]
described . The other patient had a scalp metastasis
of a well-differentiated PNET and died 36 mo after a
[9]
skin biopsy . To our knowledge, our case is the third
report of a cutaneous metastasis of PNET and the first
of cutaneous metastasis of pancreatic neuroendocrine
carcinoma (NEC).
It might be questionable as to whether surgical
resection is beneficial in our patient. Based on SEER
data, the prognostic factors of NF-PNETs were:
resection of the primary tumor, low tumor grade,
absence of distant metastases, and a younger age. In
patients with distant metastases, the survival outcome
of patients where both the primary and metastatic
lesions were removed has been statistically better
than in patients either undergoing resection of primary
or metastatic sites or not undergoing resection.
High grade tumors yield very dismal outcomes.
The median survival time of low, intermediate, and
high grade tumors are 5 years, 4.4 years, and 7
[1]
mo, respectively (p < 0.001) . These tumor grade
results were investigated regardless of primary and/or
metastatic lesion resection. According to the European
Neuroendocrine Tumor Society (ENETS) consensus

Figure 4 Abdominal computerized tomography scan reveals a 4.7 cmsized enhancing mass at the site of the previous mass excision.

DISCUSSION
Cutaneous metastasis of pancreatic cancer is rare,
with only 63 reported cases in the literature. Among
these, adenocarcinoma was predominant (84.1%;
53/63) and the median survival of patients was 5
[8]
mo . In the case of neuroendocrine tumors, 35 cases
with cutaneous or subcutaneous metastases have
been reported in the literature. Of these, cutaneous
[9]
metastasis of PNET comprised only 2 cases . One
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carcinoma with 50% of the Ki-67 index.

guidelines, grade 3 metastatic NEC has an overall
poor prognosis, regardless of whether or not they
[7]
present with liver metastases . ENETS suggested that
resection of metastases of grade 3 NEC is generally
not recommended, but may be considered in individual
cases with isolated resectable metastases. It was
also suggested that debulking resections with the
removal of about 90% of the tumor volume can be
[7]
exceptionally justified in a palliative situation .
Our case had a high grade of NF-PNET with distant
and nodal metastases. As described, our case had
recurrence within 1 mo. It took 46 d for the size of
the recurrent mass to reach a 7.5 cm maximum
size. The tumor grew very fast. Currently, the patient
st
has survived for 4 mo after the 1 operation and
has received 2 cycles of chemotherapy. A recent
abdominal CT scan revealed an enlargement of the
paraaortic lymph nodes (data not shown). Though he
has undergone aggressive surgery, he has suffered
from a Grade Ⅱ complication of the Clavien-Dindo
[11]
classification . Some authors have reported that
aggressive surgery could be done with acceptable
morbidity and mortality rates for patients with
[12,13]
advanced neuroendocrine tumors
. Hence, if
it could be done safely, it seemed reasonable for
this case of high-grade NF-PNET to be treated by
aggressive surgical resection, despite the dismal
prognosis.
In summary, we report the case of a patient who
had a high grade NF-PNET with cutaneous metastasis
and underwent surgical resection of both primary and
metastatic tumors.

Treatment

The patient underwent staged surgery consisting of hip and inguinal masses
excision, followed by a total pancreatectomy and a total gastrectomy.

Related reports

A total of 2 cases of cutaneous metastasis of pancreatic neuroendocrine
tumors (PNETs) have been reported in the literature. This is the third report of
cutaneous metastasis of PNET and the first report of cutaneous metastasis of
pancreatic neuroendocrine carcinoma.

Term explanation

Neuroendocrine tumors derived from the diffuse neuroendocrine system of
the gastrointestinal tract and pancreas are fairly rare. They frequently have
unpredictable and unusual biological behavior, and frequently present late after
a delayed diagnosis.

Experiences and lessons

This is the first known case report of grade 3 non-functioning PNET (NF-PNET)
with cutaneous metastasis that was surgically removed. Although the patient
quickly experienced recurrence, we think that if the lesions are almost totally
removed, debulking resections can be justified.

Peer-review

NF-PNETs are rare and cutaneous metastases. This is interesting case with a
described long-term patient outcome.
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Liposarcomas rarely develop in the aerodigestive tract.
Here, we present a primary esophageal liposarcoma
that was discovered between the T3 and T7 levels of
the esophagus during right pleural exploration of a
51-year-old male patient. The patient had presented
with non-specific symptoms, including progressive
dysphagia over the previous 6 mo, without complaints
of chest or epigastric pain, regurgitation, or weight
loss. A radical three-hole esophagectomy was
performed. The tumor was extremely large (14 cm ×
7.0 cm × 6.5 cm), but completely encapsulated. Upon
histological examination, the tumor was diagnosed as a
giant, well-differentiated esophageal liposarcoma with
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and no significant abnormalities were observed upon
physical examination.
A computed tomographic (CT) scan of the chest
and abdomen was performed. The esophagus was
found to be extensively dilated (upper and middle
thirds) from the thoracic inlet all the way to the
inferior pulmonary vein level, over an area of 15 cm
in length and 9.5 cm in width (Figure 1A-C). The
remaining lower third of the esophagus displayed no
abnormalities. An extremely dilated upper and middle
esophagus was also evident on the subsequent barium
swallow. The contrast passed slowly through the
lower third of the esophagus but without any signs of
a filling defect (Figure 1D). All radiologic results were
consistent with a diagnosis of achalasia. However,
further examination performed with a diagnostic
flexible esophagoscope revealed a large submucosal
lesion or an extrinsic compression encompassing the
esophageal lumen at 20 cm to 35 cm from the incisor
teeth (Figure 2). The remaining lower region of the
esophagus and the gastro-esophageal junction was
normal in appearance.
For exploration and radical resection of the disease,
a three-hole approach - including a right thoracotomy,
midline laparotomy and left cervical incision - was
selected due to the gross obstruction and size and
location of the lesion. During right pleural exploration,
a large tumor was located between levels T3 and T7
in the upper and middle thirds of the esophagus. The
tumor was 14 cm × 7.0 cm × 6.5 cm in size. It was
remarkably pliable and completely encapsulated. A
radical esophagectomy was subsequently performed,
and the cervical esophagus was anastomosed end-toside with a gastric conduit in the neck. The operation
was successful, and the patient fully recovered
without post-operative complications. The patient was
discharged on post-operative day 8 with discharge
orders for a soft diet.
Upon macroscopic examination, the surface of the
tumor was found to be covered by normal esophageal
mucosa. At one surgical margin of the specimen,
a yellow lobulated transmural mass invading the
esophageal wall was visible (Figure 3). The diagnosis
upon histological examination was a delineated myxoid
tumor in the subepithelial stroma. Spindle cells,
lipoblasts, and mature fat cells were all present (Figure
4A, B and D). Immunostaining revealed a marker
+
+
+
profile (vimentin , CD117 , S-100 , and CD34 )
consistent with a well-differentiated liposarcoma.
However, a dedifferentiated component was also
present as indicated by the atypia exhibited by the
spindle cells in the area between the esophageal
mucosa and the tumor (Figure 4C). Immunostaining
also revealed strong and weak patterns of expression
for CDK4 and MDM2 respectively across both welldifferentiated and dedifferentiated areas (Figure 5).
Finally, the resection margins and lymph nodes were
all free of tumor. The patient therefore required only
close follow-up without further treatment.

a dedifferentiated component. Non-specific radiological
and endoscopic results during the clinical work-up
delayed diagnosis until post-operative histology was
performed. In this report, the clinical, radiological and
endoscopic diagnostic challenges specific to the case
are discussed, as well as the surgical and pathological
findings.
Key words: Achalasia; Esophagectomy; Esophagus;
Liposarcoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Primary esophageal liposarcoma is an
extremely rare malignancy. In this case report, a
giant, well-differentiated esophageal liposarcoma with
a dedifferentiated component was removed from a
51-year-old male patient. The tumor displayed a nonspecific appearance on imaging and endoscopy, which
prohibited an accurate diagnosis pre-operatively.
Therefore, clinical, radiological, and endoscopic aspects
of the case, as well as the surgery and pathology of the
tumor, are discussed in detail.
Lin ZC, Chang XZ, Huang XF, Zhang CL, Yu GS, Wu SY, Ye M,
He JX. Giant liposarcoma of the esophagus: A case report. World
J Gastroenterol 2015; 21(33): 9827-9832 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i33/9827.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i33.9827

INTRODUCTION
Liposarcoma is a rare malignant tumor that usually
develops in the soft tissue of the extremities, the
trunk or the retroperitoneum, and seldom in the
aerodigestive tract. The first report of a primary
[1]
esophageal liposarcoma was published in 1983 , and
only 30 cases have appeared in the literature since
[2]
then . Due to the novelty of these tumors, the clinical,
radiological, endoscopic, surgical and pathological
findings of a case in a Chinese patient are discussed
in detail here. Briefly, a giant, well-differentiated
esophageal liposarcoma with a dedifferentiated
component was identified in a 51-year-old male
patient. Treatment included a radical, three-hole
esophagectomy to resect the disease.

CASE REPORT
A 51-year-old Chinese man presented with a 6-mo
history of progressive dysphagia without complaints
of chest or epigastric pain, regurgitation, or significant
weight loss. In the days leading to hospitalization,
the patient could not tolerate solid food and had
experienced intermittent difficulties ingesting liquids.
The clinical history was otherwise unremarkable,

WJG|www.wjgnet.com

9828

September 7, 2015|Volume 21|Issue 33|

Lin ZC et al . Esophageal liposarcoma case report

A

B

C

D

Figure 1 Radiological imaging of the esophageal liposarcoma. A-C: Computed tomographic scan; D: Barium swallow.

A

B

Figure 2 Endoscopic results of the esophageal liposarcoma. A large submucosal lesion or an extrinsic compression encompassing the esophageal lumen at 20
cm to 35 cm from the incisor teeth was revealed through a diagnostic flexible endoscopy. The remaining lower region of the esophagus and the gastro-esophageal
junction was normal in appearance.

A

B

Figure 3 Surgical specimen of the esophageal liposarcoma. Normal esophageal mucosa is shown covering the surface of the tumor. A yellow lobulated
transmural mass invading the esophageal wall is visible at one surgical margin of the specimen.
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A

B

C

D

Figure 4 Histological analysis reveals a well-differentiated myxoid esophageal liposarcoma with a dedifferentiated component. Hematoxylin and eosin stain
of paraffin-embedded sections highlighting histological features of the case. A: Myxoid tumor cells located just under normal squamous cell epithelia (magnification ×
100); B: Spindle tumor cells (magnification × 200); C: Dedifferentiated component of the liposarcoma (magnification × 100); D: Lipoblast cells (magnification × 200).
[6]

discomfort that led the patient to hospitalization .
In our case, the soft tissue lesion was not identified
with the CT scan, and the barium swallow failed to
detect any filling defect on the background of a grossly
dilated esophagus. In fact, the case was misdiagnosed
as achalasia until abnormalities on the esophagoscopy
were observed. Thus, the final diagnosis of esophageal
liposarcoma was established only after surgery.
Well-differentiated, dedifferentiated, myxoid cell,
and pleomorphic are all reported histologic types
[7]
of esophageal liposarcoma . The most common
subtype is well-differentiated esophageal liposarcoma,
[2]
which comprises up to 70% of all cases . The case
presented was also a well-differentiated esophageal
liposarcoma, but surprisingly, a small dedifferentiated
component was identified in a region between
esophageal mucosa and tumor. This finding confirms
the existence of heterogeneity in this tumor type and
is consistent with the proposal that dedifferentiated
liposarcomas are biphasic malignant adipocytic tumors
containing areas of well-differentiated liposarcoma with
[8]
a transition to non-lipogenic sarcoma .
The treatment choice for esophageal liposarcoma is
surgery. Surgical approaches, however, are diverse and
include total or subtotal esophagectomy or minimally
[7,9-11]
invasive approaches, such as endoscopic resection
.
The prognosis of esophageal liposarcoma after radical
surgery remains unknown as the number of cases
published with long-term follow-up is insufficient for
rigorous analysis. So far, however, tumors recurred

DISCUSSION
Although liposarcoma is the most common tumor of
mesenchymal origin occurring in adults, development
in the esophagus is extremely rare. The incidence of
gastrointestinal liposarcoma has been reported to be
0.1% to 5.8% at autopsy, with primary esophageal
liposarcomas accounting for only 1.2% to 1.5% of all
[3,4]
gastrointestinal lipomas . Based on data from the
few cases available, esophageal liposarcoma tends to
occur predominantly in males (72%) at an average
age of 58.4 years (range: 38-73 years) and reaching
[2]
an average tumor size of 13 cm (range: 4 to 23 cm) .
The case in this report also presented with these
general clinical features, but the diagnosis remained
elusive until surgery and histological analysis had been
completed.
Esophageal liposarcoma is generally considered
to be a slowly growing tumor. The lesion usually
grows until it reaches a considerable size and causes
symptoms. The predominant clinical symptoms include
progressive dysphagia, nausea, throat discomfort,
retrosternal pain, odynophagia, respiratory distress,
anemia, tumor regurgitation, and sudden death by
[5]
asphyxia and foreign body sensation . Progressive
dysphagia over a 6-mo period was the main complaint
of our patient. However, the symptoms of esophageal
liposarcoma might be uncharacteristic making clinical
diagnosis difficult. In one case report, it was significant
shortness of breath, hoarseness, cough, and chest
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A

B

C

D

Figure 5 CDK4 and MDM2 expression in the tumor as determined by immunohistochemistry. Paraffin-embedded sections of the primary tumor are stained for
A: CDK4 in a well-differentiated area (magnification × 200); B: CDK4 expression in a dedifferentiated area (magnification × 200); C: MDM2 in a well-differentiated area
(magnification × 200); and D: MDM2 expression in a dedifferentiated area (magnification × 200).

Differential diagnosis

in only 2/15 patients based on the medical records
[12]
available . Therefore, the local control rate of eso
phageal liposarcoma by surgery seems acceptable. For
the same reason, adjuvant therapy is generally not
suggested. Thus, although the exact indications for
resection have not been established, total rather than
incomplete resection coupled with a close surveillance
program is recommended.
The case presented herein involved a well-diffe
rentiated liposarcoma of the esophagus harboring a
dedifferentiated component. Atypical symptoms and
radiological findings led to an initial misdiagnosis of
achalasia. This rare, slowly growing tumor thus presents
an important differential diagnosis for progressive
dysphagia. Surgical resection is recommended as the
treatment of choice for both diagnostic and therapeutic
purposes.

All radiologic results were consistent with a diagnosis of achalasia.

Laboratory diagnosis

Laboratory tests were not reported.

Imaging diagnosis

A computed tomographic scan of the chest and abdomen was performed
followed by a barium swallow. Both revealed a grossly dilated esophagus. A
final flexible diagnostic esophagoscopy revealed the presence of a large lesion.

Pathological diagnosis

The diagnosis upon histological examination was a delineated myxoid tumor
in the subepithelial stroma. Spindle cells, lipoblasts, and mature fat cells were
all present. A dedifferentiated component was also recognized on the basis of
significant atypia in the spindle cells located between the mucosa and tumor.

Treatment

Treatment included a radical, three-hole esophagectomy and close surveillance
without adjuvant therapy.

COMMENTS
COMMENTS

Related reports

Case characteristics

Approximately 30 cases of esophageal liposarcoma have been reported in the
English literature.

A 51-year-old Chinese man presented with a 6-mo history of progressive
dysphagia without complaints of chest or epigastric pain, regurgitation, or
significant weight loss. The patient also experienced difficulties ingesting solid
food and liquids immediately prior to consultation.

Term explanation

A three-hole esophagectomy is a three-incision transthoracic approach for
esophagectomy that usually involves a right thoracotomy, a midline laparotomy,
and a right cervical incision for esophagogastric anastomosis. Achalasia
is a primary esophageal motility disorder characterized by the absence of
esophageal peristalsis and impaired relaxation of the lower esophageal
sphincter in response to swallowing.

Clinical diagnosis

The patient was diagnosed with a giant, well-differentiated esophageal
liposarcoma with a dedifferentiated component measuring 14 cm × 7.0 cm × 6.5
cm in size.
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Experiences and lessons

5

This rare, slowly growing tumor presents an important differential diagnosis
for progressive dysphagia. Furthermore, such cases are difficult to diagnose
pre-operatively so that surgical resection is recommended as the treatment of
choice for both diagnostic and therapeutic purposes.

6

Peer-review

7

The manuscript describing a giant esophageal well-differentiated liposarcoma
with a dedifferentiated component is of clinical interest due to the rarity of its
location and clinical presentation.
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Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
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Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

September 10, 2015

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
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EDITORIAL

International guidelines for the management of pancreatic
intraductal papillary mucinous neoplasms
Brian KP Goh
and biological behavior of the different pancreatic
cystic neoplasms; and better preoperative diagnosis of
these neoplasms due to advancement in preoperative
diagnostic tools. International consensus guidelines for
the management of IPMN were first formulated in 2006
and subsequently revised in 2012. Both these guidelines
were constructed based on expert opinion and not
on robust clinical data. The main limitation of the
original Sendai guidelines was that it had a low positive
predictive value resulting in many benign neoplasms
being resected. Hence, these guidelines were revised
in 2012. However, although the updated guidelines
resulted in an improvement in the positive predictive
value over the Sendai Guidelines, the results of several
studies validating these guidelines demonstrated that
its positive predictive value remained low. Furthermore,
although both guidelines were associated with high
negative predictive values, several investigators have
demonstrated that some malignant IPMNs may be
missed. Finally, it is imperative to emphasize that major
considerations when managing a patient with IPMN
including the patient’s surgical risk, life-expectancy
and even cost of investigations are not taken into
account in current guidelines. The management of a
patient with IPMN should be individualized and tailored
according to a patient’s risk benefit profile for resection
vs surveillance.
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Core tip: Current guidelines of the management of
intraductal papillary mucinous neoplasms are limited
by the low positive predictive value resulting in many
benign neoplasms being resected. Furthermore, despite
a high negative predictive value, some malignant

Abstract
The management of intraductal papillary mucinous
neoplasms (IPMN) is presently evolving as a result
of the improved understanding of the natural history
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[12,20,21]

neoplasms may be missed based on these guidelines.

and mixed-duct types (MT)
. BD-IPMNs were
found to exhibit a less aggressive biological behavior
when compared to MD/MT-IPMN and several studies
have since demonstrated that many BD-IPMNs can be
[2,5,8,10,20,21]
managed conservatively
. MD and MT-IPMN
have been reportedly associated with a malignancy
[10,20-22]
risk of between 40%-92%
compared to
BD-IPMN which harbors a risk of malignancy in only
[10,22]
approximately 15%-25% of case
.
In order to guide management of MCNs and IPMNs,
an international panel of experts convened in Sendai
and in 2006 published consensus guidelines for the
[20]
management of MCN and IPMN . These guidelines are
now widely known as the Sendai Consensus Guidelines
(SCG) and were formulated based on expert opinion
after review of preexisting retrospective data rather
[12,23]
than on robust clinical data
. According to these
guidelines, all MCNs and MD/MT IPMNs should be
surgically resected whereas selected BD-IPMNs could
[20,23]
be managed conservatively
. Symptomatic BDIPMNs or asymptomatic BD-IPMNs larger than 3 cm,
with a dilated pancreatic duct > 6 mm, presence of
solid component or positive cyst fluid cytology were
recommended for resection according to the SCG
[20]
(Table 1) .
After its introduction, the SCG was widely adopted
world-wide despite limited evidence supporting its
[23]
[6,22,23]
utility . Subsequently, several large studies
were
conducted to validate the SCG. These studies revealed
that the main limitation of the SCG was its low positive
predictive value (PPV) whereby many benign BD-IPMNs
were resected. The SCG was reported to be safe as
it had a high negative predictive value (NPV) of close
to 100% and malignant lesions especially invasive
[8,22,23]
carcinomas were rarely missed
. However, a large
study from Heidelberg published in 2012 questioned
the safety of the SCG as the investigators reported
that in their cohort of 123 surgically-resected BDIPMNs, 17 of 69 SCG-ve BD-IPMNs were malignant
[10]
including 11 which were invasive carcinomas . Our
[23]
recent systematic review
of 9 studies analyzing
690 surgically resected BD-IPMNs confirmed the low
PPV and high NPV of the SCG. The PPV of SCG+ve
neoplasms was 150/501 (29.9%) and the NPV of
SCG-ve neoplasms was 171/189 (90%). However,
when the results of the study from Heidelberg were
excluded, the NPV was 170/171 (99%) and none
of the SCG-ve neoplasms were invasive. Recent
results from the Memorial Sloan-Kettering Cancer
Center and the Massachusetts General Hospital also
seemed to support the findings of our systematic
review whereby the Memorial group reported 5
[24]
(14%) HGD among 35 resected SCG-ve BD-IPMN
and the MGH reported a 6.5% risk of HGD among
46 SCG-ve BD-IPMN smaller than 3 cm based on
[8,25]
the revised 2012 SCG
. No invasive cancers were
detected in both these studies among the SCG-ve
[25]
neoplasms . Hence, it is widely accepted by most
experts that it generally safe to adopt the SCG and

Goh BKP. International guidelines for the management of
pancreatic intraductal papillary mucinous neoplasms. World J
Gastroenterol 2015; 21(34): 9833-9837 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/9833.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.9833

The incidence of pancreatic cystic neoplasms have
been reported to be rapidly increasing over the past
2 decades with the routine use of cross-sectional
imaging such as computed tomographic (CT) scan and
[1-3]
ultrasonographic (US) scan . Many cystic lesions of
[1,2,4]
the pancreas (CLP) are now incidentally detected
.
In the past, an aggressive resection approach was
recommended for the management of cystic lesions
of the pancreas detected on imaging as preoperative
diagnosis was difficult and little was known of the
[1,4]
biology and natural history of these lesions
.
However, presently; the management of pancreatic
cystic neoplasms has gradually evolved in general
towards a more conservative approach whereby many
CLP are managed via surveillance rather than upfront
[5-10]
resection
. This may be attributed to the rapid
advancement of knowledge in the field resulting in: (1)
an improved understanding of the natural history and
biological behavior of the different pancreatic cystic
neoplasms; and (2) better preoperative diagnosis of
these neoplasms as a result of a better understanding
of their individual imaging characteristics and the
introduction of newer diagnostic modalities such as
endoscopic ultrasonography with fine needle aspirate
[6,7,11,12]
(EUS-FNA)
. Since the landmark papers by
[13,14]
Compagno and Oertel in 1978
; the general
consensus among clinicians were that all mucincontaining cystic neoplasms were potentially malignant
or malignant and should be resected whereas serous
cystic neoplasms were benign and could be managed
[6,15,16]
conservatively
. Although this presumption
remains true, with better understanding of the biology
and natural history of these neoplasms; we now know
that many mucinous lesions are relatively indolent
and may take decades to transform into invasive
lesions. In 1982, Ohashi provided the first pathological
description of a previously unrecognized pancreatic
mucinous neoplasm which we now know as intraductal
[17]
papillary mucinous neoplasms (IPMN) . Based on
these pioneering findings, it is widely-recognized now
that mucinous neoplasms are actually composed of
2 different pathological entities termed mucinous
[15,18,19]
cystic neoplasms (MCNs) and IPMNs today
.
Pathologically, the 2 entities may be distinguished by
[15,18]
the presence of ovarian-type stroma in MCNs
and
[16]
communication with the pancreatic duct in IPMNs .
More recently, investigators have also recognized that
IPMNs could be classified according to their ductal
involvement into branch-duct (BD), main-duct (MD)
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a panel of experts based on retrospective data and
has not been validated. We recently performed a
[27]
systematic review of 7 studies evaluating the FCG .
There were 1382 patients with surgically-resected
IPMNs in these 7 studies. We found that the high risk
cohort according to the FCG had an improved PPV
of 66% compared to the group with just worrisome
features (29%). However, of concern was there were
40 of 382 (10.5%) malignant including 22 (5.8%)
invasive IPMN in the FCG low risk cohort. However,
just as in our earlier systematic review evaluating
[23]
the original SCG , we found that the overall results
were again skewed by the discordant results from
another large study performed by the same group
[28]
from Heidelberg . This group reported 26 malignant
including 18 invasive IPMN in the FCG low risk cohort.
When the results from this study were excluded, there
were only 14/241 (5.8%) malignant including 4/241
(1.7%) invasive FCG-ve IPMN in the remaining 6
studies.
The main limitations of most published studies to
date which evaluated the SCG and FCG are that most
of these studies only included surgically-resected
[12,23]
cases
. Hence, the “true denominator” especially
for low risk neoplasms is not known. The results
of these studies were likely skewed by the greater
proportion of malignant neoplasms as clinicians were
more likely to select patients at increased risk of
malignancy based on criteria not utilized in the FCG
such as age, presence of symptoms and serum tumor
[23,29]
markers
. Furthermore, clinicians were more likely
to select more suspicious neoplasms classified as
low risk for resection such as a 2.8 cm IPMN with a
4 mm main pancreatic duct as opposed to a 0.5 cm
IPMN with a non-dilated duct. Hence the reported
rates for PPV and NPV, were likely overestimates of
the true incidence of malignancy especially for low
[9,23]
risk tumors
. Many consensus guidelines negative
neoplasms are likely to be observed and the incidence
of malignant IPMN reported in these surgical cohorts
like represent the “worse case” possible.
It is important to note that both the FCG and
SCG are based on “basic criteria” such as cyst size
[30]
and morphology on imaging . These guidelines can
potentially be refined with the addition of other criteria
such as serum tumor markers which has been shown
[7,30-32]
to predict malignancy in IPMN
. Positron-emission
tomographic scan has also been reported to be useful
[33]
in distinguishing benign from malignant IPMN . In
future, the use of genomic, proteomic or metabolomic
analyses of cyst fluid may also prove to be invaluable
[30,34,35]
in selecting BD-IPMNs for resection
. Recent
studies have also demonstrated the importance of the
different histological subtypes of IPMN on its prognosis
and these may potentially have a major impact on
[36]
future genomic and proteomic studies .
Finally, it is imperative to emphasize that major
considerations when managing a patient with IPMN
including the patient’s surgical risk, life-expectancy

Table 1 Summary of the Sendai Consensus Guidelines and
Fukuoka Consensus Guidelines
Guideline

Criteria

SCG
MD-IPMN
SCG+ve BD-IPMN

FCG
High risk features

Worrisome risk
features

MPD ≥ 10 mm
Size > 3 cm
Size ≤ 3 cm with symptoms/mural nodules/
MPD dilation (> 6 mm)/ positive cytology
Proximal lesion with obstructive jaundice
Enhancing nodules
Dilated main duct (≥ 10 mm)
Size ≥ 3 cm
Pancreatitis
Non-enhancing nodules
Thickened, enhancing walls
Dilated duct (5 to < 10 mm)
Change in duct caliber with distal atrophy
Lymphadenopathy

FCG: Fukuoka; SCG: Sendai Consensus Guidelines; MPD: Main pancreatic
duct; MD-IPMN: Main-duct intraductal papillary mucinous neoplasm;
BD-IPMN: Branch-duct intraductal papillary mucinous neoplasm.

malignant especially invasive BD-IPMNs are rarely
missed. It is difficult to determine why the data from
the Heidelberg group was contrary to the results from
[23-26]
other studies in the literature
. The main reason
is likely attributed to the fact that the investigators
included lesions suspected but not pathologically
confirmed as BD-IPMNs. In their study, eight of the
17 malignant IPMNs were by definition mixed typeIPMNs as there was focal tumor involvement of the
[23,25]
main pancreatic duct
. Furthermore, invasive
preoperative modalities such as EUS and endoscopic
retrograde cholangiopancreatography were rarely used
by the group which could possibly have resulted in a
lower sensitivity in detecting main duct involvement
[23]
preoperatively .
Recognizing the limitations of the original SCG,
these guidelines was revised in Fukouka and published
[6,9,20,21]
recently in 2012
. These revised guidelines are
termed the Fukouka Consensus Guidelines (FCG)
in this report. The revisions to the SCG were made
mainly to overcome its low PPV which resulted in a
large number of benign BD-IPMNs being resected.
The FCG now stratifies BD-IPMNs into 3 instead of 2
categories i.e., high risk, worrisome risk and low risk
(Table 1). According to these guidelines, most high risk
lesions should be resected whereas low risk lesions
may be observed. BD-IPMNs classified as worrisome
risk can potentially be managed via surveillance after
[21]
evaluation by EUS-FNA . Some of the major changes
in the FCG worth highlighting are that a cyst size > 3
cm or pancreatic ductal dilatation between 5 to 10 mm
are now classified as worrisome risk and are no longer
definitive criterion for upfront resection (with the
caveat that surgically-fit patients should be considered
for resection).
Like the SCG, the current FCG was formulated by
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and even cost of investigations are not taken into
account in current guidelines. The management of
a patient with IPMN should be individualized and
tailored according to a patient’s risk benefit profile for
resection vs surveillance and guidelines are precisely
[12,25]
just guidelines
. When considering appropriate
treatment of a patient with IPMN, the risk of a patient
dying from invasive cancer should be balanced against
his/her risk of surgical mortality and morbidity. Today,
pancreatectomy remains a surgery associated with a
[37,38]
high morbidity
especially for right-sided lesions
although the postoperative mortality rate has fallen
[38]
to about 1%-3% in top international centers . It is
also important to highlight that IPMN should ideally be
resected before they turn invasive as the outcome of
invasive IPMN is poor with a 5-year overall survival of
[39]
only 30% .
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Recent advances in the molecular diagnostics of gastric
cancer
Mitsuro Kanda, Yasuhiro Kodera
GC is declining, the outcomes for GC patients remain
dismal because of the lack of effective biomarkers
to detect early GC and predict both recurrence
and chemosensitivity. Current tumor markers for
GC, including serum carcinoembryonic antigen and
carbohydrate antigen 19-9, are not ideal due to
their relatively low sensitivity and specificity. Recent
improvements in molecular techniques are better
able to identify aberrant expression of GC-related
molecules, including oncogenes, tumor suppressor
genes, microRNAs and long non-coding RNAs, and DNA
methylation, as novel molecular markers, although the
molecular pathogenesis of GC is complicated by tumor
heterogeneity. Detection of genetic and epigenetic
alterations from gastric tissue or blood samples has
diagnostic value in the management of GC. There are
high expectations for molecular markers that can be
used as new screening tools for early detection of GC
as well as for patient stratification towards personalized
treatment of GC through prediction of prognosis and
drug-sensitivity. In this review, the studies of potential
molecular biomarkers for GC that have been reported in
the publicly available literature between 2012 and 2015
are reviewed and summarized, and certain highlighted
papers are examined.
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Core tip: Gastric cancer (GC), although declining in
incidence in recent decades, is still the fourth most
common malignancy and the third leading cause of
cancer-related death worldwide. Although reliable
biomarkers are necessary to improve the management
of GC, conventional tumor markers have insufficient
diagnostic performance. Detection of molecular markers
in gastric tissue and blood samples may enhance the

Abstract
Gastric cancer (GC) is the third most common cause
of cancer-related death in the world, representing a
major global health issue. Although the incidence of
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sensitivity and specificity of diagnostic and prognostic
tests for early stage GC and provide a means to monitor
recurrence and predict response to treatment. In this
review, we introduce recently reported candidates for
GC-related biomarkers and overview important findings.

The aim of this review is to provide up-to-date
information regarding molecular biomarkers for early
detection and risk stratification for patients with GC.
A prognostic cancer biomarker provides information
on the likely course of the disease. In contrast, a
predictive biomarker is defined as a marker that can
be used to identify subpopulations of patients most
[8,16]
likely to respond to a targeted therapy
. The search
for cancer biomarkers is carried out in order to identify
tumor cells at early stages and predict treatment
response, ultimately leading to a favorable therapeutic
[8,17]
outcome
. The studies of potential molecular
biomarkers for GC that have been reported in the
publicly available literature between 2012 and 2015
are reviewed, summarized and categorized by based
on their suggested clinical implication; early detection,
monitoring recurrences, prediction of survival and
prediction of treatment response.

Kanda M, Kodera Y. Recent advances in the molecular
diagnostics of gastric cancer. World J Gastroenterol 2015;
21(34): 9838-9852 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i34/9838.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i34.9838

INTRODUCTION
Gastric cancer (GC), the third leading cause of global
cancer death, is a malignant disease with a high
mortality rate despite declining incidence in the recent
[1,2]
decade . Multimodal treatment strategies including
surgery, chemotherapy and radiotherapy can improve
local and regional tumor control and decrease the
[3,4]
rate of systemic metastasis . However, the overall
prognosis for advanced disease remains poor. The
high mortality rate attributed to GC is mainly due
to the lack of both early detection methods and
effective medical treatment for advanced stages of the
[1,5]
disease . Early diagnosis is beneficial and critical for
successful surgical removal of GCs because peritoneal
dissemination and local/distal metastases often occur
in the late stages of GC and greatly reduce the efficacy
[6,7]
of surgical intervention .
Carcinoembryonic antigen, carbohydrate antigen
(CA) 19-9 and CA72-4 are the most commonly used
[8]
biomarkers for GC . Although widely used, they
are not ideal markers because of their relatively
low sensitivity and specificity in the diagnosis and
[9,10]
prognosis of GC
. Therefore, identification of more
specific and sensitive novel markers for GC is urgently
required to establish screening strategies and further
[3,11]
stratify patients for individualized therapies
. Modern
biomedical research has explored many potential GC
biomarker genes by examining serum protein antigens,
oncogenic genes or gene families through improved
molecular biological technologies, such as microarray
[12]
and next-generation sequencing analyses . However,
there remains room for improvement of molecularbased diagnosis methods in terms of sensitivity,
specificity and accessibility; therefore, they have not
been utilized in clinical practice.
Recently, it was demonstrated that microRNA
(miRNA) and long non-coding RNA (lncRNA) can be
effective candidates for molecular diagnostics in GC
in addition to altered expression of oncogenes and
[8,13,14]
tumor suppressor genes (TSGs)
. The search
for non-invasive tools for diagnosis has led to the
investigation of proteins and circulating nucleic acids,
including miRNAs and lncRNAs, in plasma and serum
[15]
samples .

WJG|www.wjgnet.com

UPDATE ON GENES OVEREXPRESSED IN
GC
To date, numerous GC-related oncogenes have been
reported. Oncogenes are frequently overexpressed
in GC and promote cancer cell growth and cell cycle
[7,18]
progression
. They also inhibit apoptosis by silencing
[19]
growth-inhibition associated genes . Particularly,
when the target molecules are minimally expressed in
normal gastric mucosa or blood samples from healthy
controls, detection of aberrantly activated oncogenes
can be of great diagnostic value. Recently reported
genes that are overexpressed in GC are listed in Table
[20-44]
1
, and we review certain highlighted studies.

Bone morphogenetic protein 4

Bone morphogenetic protein 4 (BMP4) encodes a
secreted protein belonging to the TGFb superfamily.
BMP4 binds to BMP type Ⅰ/Ⅱ receptors, resulting in
activation of a signaling cascade that culminates in
phosphorylation of SMAD1/5/8 and the regulation
[45]
[24]
of gene expression . Ivanova et al
conducted
an integrated epigenomics study to identify genes
associated with cisplatin resistance in GC and found
that BMP4 was an epigenetically regulated gene that
is highly expressed in cisplatin-resistant GC cell lines.
BMP4 promoter methylation levels were inversely
correlated with BMP4 expression, and patients with
high BMP4-expressing GC showed significantly worse
prognosis. Inhibition of BMP4 resulted in significant
sensitization of GC cells to cisplatin, and BMP4expressing GC cells did not exhibit cross-resistance
[24]
to oxaliplatin . These results indicated that BMP4
epigenetic and expression status may represent a
promising biomarker for cisplatin resistance in GC.

Dihydropyrimidinase-like 3

Dihydropyrimidinase-like 3 (DPYSL3) has been described
as a cell-adhesion molecule; it is actively expressed in
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Table 1 Genes upregulated in gastric cancer
Symbol
(location)
Early detection
ERCC5 (13q33)

Biological function

Materials

Detection
methods

Pt

Survival

Relevant clinical
factors

Functional
analyses

Interacting
molecules

In vivo

Ref.

DNA repair

Tissue

IHC

176

OS

-

-

-

[27]

Tissue

IHC

151

-

Depth, smoking,
Helicobacter pylori
Differentiation

Migration,
invasion

-

-

[21]

Tissue,
Circulating
Tissue

IHC, ELISA

45

-

N, stage

-

-

-

[40]

QPCR, IHC

98

OS

-

-

-

-

[43]

Tissue,
circulating

IHC, ELISA

83

PFS

N, stage

-

-

-

[30]

Tissue

IHC

223

OS, RFS

Depth, N, stage

-

-

-

[26]

Tissue

IHC

106

-

-

HER2

-

[28]

Tissue

QPCR, IHC

167

OS, RFS

T, N, vascular
invasion
Depth

-

IGF-1R,
EphA2

-

[29]

Tissue

IHC

117

OS, RFS

Differentiation,
depth, N, stage

-

-

-

[37]

Tissue

QPCR, IHC

450

OS, RFS

Size, depth, N,
stage

Proliferation

-

Yes

[20]

Circulating

ELISA

132

OS

Size, depth, N,
stage

-

-

-

[35]

Tissue

IHC

211

OS

Age

-

-

-

[42]

Tissue

QPCR, IHC

238

OS, RFS

Differentiation,
depth, N, CY,
stage

-

VEGF, FAK,
EZR

-

[33]

Tissue,
circulating

IHC, ELISA

50

-

N, stage

-

-

-

[22]

Tissue

QPCR, IHC

123

OS, RFS

N, stage

-

-

[32]

Tissue,
Circulating
Tissue

QPCR, IHC

225

OS, RFS

N, stage

Proliferation,
apoptosis
-

-

-

[44]

IHC

176

OS

Age,
differentiation,
stage

-

-

-

[39]

Tissue

IHC

214

OS

Depth, N, stage

Migration,
invasion

-

-

[36]

Circulating

ELISA

103

OS

-

Yes

[38]

Tissue

IHC

175

-

-

[31]

Tissue

QPCR, IHC

400

MMP8

-

[34]

IFITM1 (11p15.5)

Interferon induced
transmembrane
protein
MMP-9
Breakdown of
(20q13.12)
extracellular matrix
PTTG1 (5q35.1)
Homolog of yeast
securin proteins
STC1 (8p21.2)
Regulation of renal
and intestinal calcium
and cell metabolism
Monitoring recurrences
CD147 (19p13.3)
Plasma membrane
protein involved in
spermatogenesis
CEACAM6
Cell adhesion
(19q13.2)
ERBB3 (12q13)
Epidermal growth
factor receptor family
of receptor tyrosine
kinases
NUAK1 (12q23.3) Regulator of wholebody and cellular
energy homeostasis
SULF1/2 (8q13.2) Extracellular heparan
sulfate endosulfatase
Prediction of survival
B7-H4 (1p13.1)
Cell surface protein
interacting with
ligand bound to T cell
receptors
CCND1 (11q13)
Regulators of cell
cycles via CDK
kinases
DPYSL3 (5q32)
Cell-adhesion factor
involved in the
metastatic process of
tumor cells
IL-17 (6p12)
Proinflammatory
cytokine produced by
activated T cells
KDM4A (1p34.1)
Trimethylationspecific demethylase
MAGED2
Unknown
(Xp11.2)
MYCL1 (1p34.2) Transcription factor
involved in cell
differentiation and
apoptosis
NEDD4 (15q)
Regulation of
degradation of
epithelial sodium
channel
S100A6 (1q21)
Regulation of cell
cycle progression and
differentiation
SATB1 (3p23)
Matrix protein
which binds nuclear
matrix and scaffoldassociated DNAs
SERPINA1
Serine protease
(14q32.1)
inhibitor
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Vascular invasion, Proliferation,
perineural
invasion,
invasion, N, stage
apoptosis
OS, RFS
Age, N
-
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OS

Age, size, depth, N

Migration,
invasion
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XPO1 (2p15)

Mediator of leucinerich nuclear export
signal-dependent
protein
YBX1 (1p34)
Modulator of gene
transcription and
protein translation
Prediction of treatment response
BMP4 (14q22-23) Endochondral bone
formation
TUBB3 (16q24.3)
Formation of
microtubules

Tissue

IHC

120

OS, PFS HER2, CEA, stage

-

-

-

[25]

Tissue

IHC

167

-

N, perforation

Migration,
invasion

-

-

[41]

Tissue

IHC

197

OS

Chemoresistance

-

EMT

-

[24]

Circulating

ELISA

128

OS

Sex,
chemoresistance

-

-

-

[23]

Pt: Number of patients enrolled in expression analysis; ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry; QPCR: Quantitative
real-time reverse transcription-polymerase chain reaction; OS: Overall survival; RFS: Recurrence free survival; PFS: Progression free survival; N: Lymph
node metastasis.

normal tissues in cardiac myocytes, brain, pineal body,
retina and smooth muscle and is moderately expressed
[46]
in various tissues, including gastric mucosa . DPYSL3
[47,48]
is involved in the metastatic process of tumor cells
.
We recently investigated the expression status of
DPYSL3 in GC cells and tissues and found that DPYSL3
mRNA expression levels positively correlated with those
of potentially interacting genes (vascular endothelial
[33,49]
growth factor, focal adhesion kinase and ezrin)
.
Tissues from patients with stage Ⅳ GC showed
increased expression of DPYSL3 mRNA. High DPYSL3
mRNA expression in GCs was significantly associated
with more malignant phenotypes, including recurrence,
and was an independent prognostic factor. The potential
of DPYSL3 as a biomarker for the progression of GC was
demonstrated.

expression by immunohistochemical staining in 400
GC tissues and found that SERPINA1 expression
was significantly associated with a more aggressive
phenotype of GC and shorter overall survival. In the
functional analysis, upregulation of SERPINA1 increased
the release of metalloproteinase-8, migration and
invasion in GC cells.

Extracellular heparan sulfate 6-O-endosulfatase 1

Extracellular heparan sulfate 6-O-endosulfatase 1 (SULF1)
has been identified in mammals, and the encoded
protein is secreted to the cell surface to modulate the
[53,54]
sulfation of heparan sulfate proteoglycans
. Hur
[20]
et al
conducted an expression analysis on SULF1
in 450 GC tissues to evaluate the potential of SULF1
as a biomarker for GC. The expression of SULF1
was identified as a predictive factor of lymph node
metastasis, recurrence and worse prognosis. Moreover,
they found that hypomethylation of CpG islands within
the SULF1 gene promoter imparts oncogenic potential
in GC. Expression level and methylation status of SULF1
are promising biomarkers for patients with GC.

Erb-b2 receptor tyrosine kinase 3

Erb-b2 receptor tyrosine kinase 3 (ERBB3), alternatively
named human epidermal growth factor receptor
(HER) 3, is a key member of the ErbB family and
preferentially signals through the phosphatidylinositol
[50]
3-kinase pathway . ERBB3 heterodimerizes
with other HER family members to initiate signal
[51]
[29]
transduction . Ema et al
conducted an integrated
immunohistochemical analysis of receptor type tyrosine
kinases, including ERBB3, in stage Ⅱ/Ⅲ GC and found
that ERBB3 expression was significantly associated
with shorter recurrence-free survival. Additionally,
ERBB3 expression was closely correlated with IGF-1R
and EphA2 expression levels and was identified as the
only independent prognostic factor regardless of the
[29]
stage . ERBB3 is proposed to be a prognostic marker
for GC after curative gastrectomy.

GENES DOWNREGULATED IN GC
Loss of expression of GC-related TSGs leads to
accelerated cell growth, cell cycle progression, and
[7]
impaired inhibition of oncogenic gene expression .
Similar to oncogenes, altered expression levels of GCrelated TSGs in gastric tissues can be as diagnostic
molecular markers for the early detection or progres
[13,55]
sion of GC
. Table 2 provides a list of updated
genes that are suppressed in GC without hyperme
[56-62]
thylation
, and certain representative genes are
reviewed individually.

Serpin peptidase inhibitor, clade A member 1

B-cell translocation gene 1

Serpin peptidase inhibitor, clade A member 1 (SERPINA1)
is primarily synthesized in the liver and is also produced
in certain cells, such as GC, colon cancer and lung
[34,52]
cancer cells
. SERPINA1 has been reported to have
major roles in physiologic and pathologic processes,
including angiogenesis, intravascular fibrinolysis, wound
[52]
healing, and tumor invasion and metastasis . Kwon
[34]
et al
evaluated the clinical significance of SERPINA1
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B-cell translocation gene 1 (BTG1) is a translocation
partner of the c‑Myc gene in the context of B‑cell
chronic lymphocytic leukemia and belongs to a family
[63,64]
of antiproliferative genes
. BTG1 is constitutively
expressed in quiescent cells, and its expression is
[65]
downregulated as cells enter the growth cycle . In
breast and ovarian cancers, artificial expression of BTG1
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Table 2 Genes suppressed in gastric cancer
Detection
methods

Pt

Survival

Relevant clinical
factors

Functional
analyses

Interacting
molecules

In vivo

Ref.

Tissue

QPCR, IHC

105

OS

-

Proliferation,
apoptosis

SHP-1

Yes

[61]

Tissue

QPCR, IHC

233

OS, RFS

Sex, location, size,
N, stage

-

-

-

[59]

Tissue

IHC

195

RFS

CEA, stage

-

-

-

[57]

Tissue

QPCR, IHC

331

OS

-

[60]

Tissue

IHC

167

OS

-

[58]

Tissue

IHC

128

OS

-

[62]

Tissue

IHC

493

OS

Yes

[56]

Symbol (location) Biological function Materials
Early detection
TMEFF2 (2q32.3)

Unknown

Monitoring recurrences
BTG1 (12q22)
Regulator of
cell growth and
differentiation
eIF3f (11p15.4)
Unknown
Prediction of survival
ITIH5 (10p14)
Extracellular matrix
stabilization
JAMA (1q21.2-3)
Regulator of tight
junction assembly
in epithelia
SEMA3A (7p12.1) Neuronal pattern
development
STUB1 (16p13.3)
Ubiquitin ligase/
cochaperone

Differentiation, N,
stage
Size,
Migration,
lymphovascular
invasion
invasion, N, stage
Differentiation,
Proliferation,
depth, N, stage
migration
Size, depth, N,
Proliferation NF-kB, IL-8
stage

study

Pt: Number of patients enrolled in expression analysis; IHC: Immunohistochemistry; QPCR: Quantitative real-time reverse transcription-polymerase chain
reaction; OS: Overall survival; RFS: Recurrence free survival; N: Lymph node metastasis.

STIP1 homology and U-box containing protein 1

mediates Bcl‑2‑regulated apoptosis and suppresses the
[66,67]
proliferation of cancer cells
. We recently evaluated
the clinical implication of BTG1 expression in GC and
examined the genetic diversity among histopathologic
[59]
and anatomic subtypes . BTG1 expression was
downregulated in the majority of GCs, but promoter
hypermethylation events or sequence mutations were
[68,69]
not detected
. Patients with downregulated BTG1
mRNA in GCs had significantly shorter recurrence-free
survival and overall survival. BTG1 mRNA expression
was more strongly suppressed in proximal nondiffuse and diffuse GC compared with distal nondiffuse GC, and subgroup analysis revealed that BTG1
downregulation led to adverse prognosis, specifically in
[59]
patients with proximal non-diffuse and diffuse GC .

STIP1 homology and U-box containing protein 1
(STUB1) includes a tetratricopeptide repeat domain at
its amino terminus that interacts with the molecular
[72]
chaperones Hsc70-Hsp70 and the Hsp90 protein . It
also contains a U-box domain at its carboxy terminus
with E3 ubiquitin ligase activity, which functions as a
[73]
link between the chaperone and proteasome systems .
STUB1 induces ubiquitination and degradation of
several oncogenic proteins, such as mutant p53,
estrogen receptor a, c-ErbB2/neu, hypoxia inducible
[73,74]
[56]
factor 1a and SRC-3
. Wang et al
evaluated the
prognostic value of STUB1 expression by immuno
histochemical staining in 493 patients and the role of
STUB1 in tumorigenicity and angiogenesis in vitro and
in vivo. Decreased STUB1 expression in GC tissues
was significantly associated with advanced stage
and diffuse type and was an independent prognostic
factor. Forced expression of STUB1 reduced the
formation of anchorage-independent colonies in soft
agar, suppressed the growth of xenografts in nude
mice and inhibited endothelial cell growth and tube
formation by suppressing NF-kB-mediated interleukin
[56]
8 expression . STUB1 acts as a TSG and represents a
promising biomarker for GC.

Inter-a-trypsin inhibitor 5

Inter-a-trypsin inhibitor 5 (ITIH5) is a new member
of the ITIH family of plasma protease inhibitors and is
the only ITIH gene with a CpG-rich promoter region,
which contains two domains that are conserved in all
[70]
known ITIHs . Although the precise function of ITIH5
is unclear, it has been reported that the loss of ITIH5
[71]
expression is involved in breast cancer development .
[60]
Mai et al
investigated ITIH5 expression and its
predictive value in 331 clinical GC tissues. Low ITIH5
expression was significantly associated with lymph
node metastasis and advanced stage, and patients with
low ITIH5 expression showed shorter survival times
than those with high ITIH5 expression, suggesting
that ITIH5 may be a potential prognostic biomarker
[60]
for GC . The mechanisms of ITIH5 silencing and
oncological functions of ITIH5 in GC are expected to be
clarified.
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METHYLATED MARKERS OF GC
Aberrant DNA methylation is an epigenetic alteration
that occurs in an organ-disease-specific manner,
and therefore, it has been studied as a molecular
[75,76]
diagnostic marker
. To date, frequent promoter
hypermethylation and subsequent loss of protein
expression has been demonstrated in GC-related
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Table 3 Methylated markers in gastric cancer
Symbol
(location)
Early detection
APBA2
(15q11-12)

GADD45
(1p31.2)
OSR1 (2p24.1)

RASGRF1
(15q24.2)
SPG20 (13q13.3)

TUSC1 (9p21.2)

Interacting In vivo
molecules
study

Biological function

Materials

Detection
methods

Pt

Survival

Relevant clinical
factors

Functional
analyses

Neuronal adapter
protein interacting with
the Alzheimer's disease
amyloid precursor
protein
Responding to
environmental stresses
Development of
intermediate mesoderm

Tissue,
Circulating

MSP

90

OS

-

-

-

[89]

Tissue

QPCR, IHC

138

OS

Size,
differentiation,
depth, invasive
growth, N, CY,
stage
Stage

-

-

-

[84]

Tissue

QPCR, IHC

164

OS

-

β-catenin,
TCF-1

-

[94]

Mediator of Ras-GEF
signaling pathway
Regulating endosomal
trafficking and
mitochondria function
Unknown

Tissue

QPCR

130

-

-

-

-

[82]

Tissue,
Circulating

IHC, MSP

119

OS

-

Proliferation,
cell cycle,
apoptosis
Proliferation,
invasion
-

-

-

[95]

Tissue

QPCR, IHC

112

OS

-

-

-

[92]

QPCR, IHC

202

Age, sex, depth,
vascular invasion,
N
OS, RFS
Size, depth, N,
stage, Helicobacter
pylori

-

-

-

[85]

QPCR, IHC

112

OS, RFS

Age, sex, size,
depth, N, stage

-

-

-

[96]

QPCR, IHC

238

OS, RFS

CA19-9, N

-

-

-

[91]

QPCR

187

OS

Stage

p53

Yes

[81]

IHC

135

OS

-

-

[93]

QPCR, IHC

132

OS

Differentiation,
depth, N, stage

-

-

-

[90]

QPCR

50

OS

Depth, N

-

-

-

[80]

MSP

73

OS

Differentiation

-

-

-

[83]

QPCR, IHC

200

OS

Differentiation,
depth, N

-

-

-

[97]

QPCR, IHC

182

OS

Depth

Invasion

-

-

[87,88]

QPCR

83

OS

-

Yes

[86]

XAF1 (17p13.1)

Inhibitory factor of
Tissue,
inhibitor of apoptosis
Circulating
proteins
Monitoring recurrences
DENND2D
Membrane trafficking
Tissue
(1p13.3)
protein regulating Rab
GTPases
PDSS2 (6q21)
Synthesize the prenyl
Tissue
side-chain of coenzyme
Q
Prediction of survival
PAX5 (9p13)
B-cell lineage specific
Tissue
activator protein that is
expressed at early stages
of B-cell differentiation
PEBP1
Inhibitor of
Tissue
(12q24-23)
Raf1‑mediated
phosphorylation
RASSF5A
Suppressor of cell growth
Tissue
(1q32.1)
in response to activated
Ras family
SOCS4
suppressor of cytokine
Tissue
(14q22.1)
signaling
SOX17
Transcription factor
Circulating
(8q11.23)
involved in the
regulation of embryonic
development
TCF21 (6q23.2)
Mesoderm
Tissue
specifictranscription
factor
TFF1 (21q22.3)
Protecting the
Tissue
gastrointestinal mucosa
Prediction of treatment response
RPRM (2q23.3) Regulator of cell cycles in
Tissue
a p53-dependent manner

Proliferation,
migration,
invasion,
apoptosis
Differentiation, N,
stage

Chemoresistance Proliferation,
apoptosis

Ref.

Pt: Number of patients enrolled in expression analysis; IHC: Immunohistochemistry; QPCR: Quantitative real-time reverse transcription-polymerase chain
reaction; OS: Overall survival; RFS: Recurrence free survival; N: Lymph node metastasis.

TSGs, and their methylation statuses in gastric tissues
and blood samples have been proposed as diagnostic
[5,77]
markers
. Because epigenetic alterations are
thought to be an early event that possibly precedes
gastric carcinogenesis, DNA hypomethylation and
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CpG island hypermethylation in pre-neoplastic or
early neoplastic stages may serve as indicators or
biomarkers for screening patients with an increased
[78,79]
risk for GC
. Novel genes proposed as candidates
[80-97]
for methylated markers of GC are listed in Table 3
.
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Amyloid beta precursor protein-binding, family A,
member 2

cells, arrested the cell cycle, induced apoptosis, and
repressed tumorigenicity in mouse xenografts. The
antitumorigenic function of PAX5 was shown to be
mediated by upregulating downstream targets of p53,
p21, and metastasis suppressor 1 and downregulating
BCL2, cyclin D1 and mesenchymal–epithelial transition
factor. Hypermethylation of PAX5 was detected in
approximately 80% of GC tissues and identified as an
[81]
independent prognostic factor . PAX5 serves as a
TSG, and its methylation status would be a prognostic
marker for GC.

Amyloid beta precursor protein-binding, family A,
member 2 (APBA2) is a multimodular adapter protein
encoded by a member of the X11 protein family and
[98]
functions in membrane transport and organization .
Furthermore, APBA2 has been reported to be involved
in signal transduction processes and is also regarded
as a putative vesicular trafficking protein in the brain
that can form a complex with the potential to couple
[89]
synaptic vesicle exocytosis to neuronal cell adhesion .
[89]
Han et al
performed quantitative methylationspecific PCR analysis to detect APBA2 methylation
using gastric tissues, peritoneal lavage fluids and
blood samples. Notably, methylation of APBA2 was
found in approximately 40% of peritoneal lavage fluids
and blood samples from patients with GC, but not
in healthy controls. In addition, positive methylation
in peritoneal lavage fluids and blood samples was
associated with peritoneal dissemination, advanced
[89]
tumor and poor prognosis . Methylation status of
APBA2 can be a good biomarker that is applicable in
multiple types of samples.

Reprimo

Reprimo (RPRM) is a highly glycosylated protein
localized predominantly in the cytoplasm, and it has
[103]
been reported to be a mediator of the cell cycle
.
Forced expression of RPRM induces G2 arrest of
the cell cycle by inhibiting Cdc2 activity and nuclear
translocation of the Cdc2–cyclin B1 complex in various
[104]
[86]
cell lines
. Ooki et al
evaluated the epigenetic
inactivation of RPRM and its biologic function as well
as its clinical relevance in GC. Frequent promoter
hypermethylation was specifically detected in GCs.
Forced RPRM expression inhibited proliferation,
anchorage-independent colony formation of GC cells
and enhanced DNA damage-induced apoptosis.
Furthermore, the tumor inhibitory effect of RPRM
was proven in an in vivo study. Methylation of RPRM
was significantly associated with a poor response to
[86]
chemotherapy and poor patient prognosis . RPRM
is a novel putative TSG, and promoter methylation
of RPRM may serve as a predictive marker for
chemotherapy and the malignant behavior of GC.

DENN/MADD domain-containing 2D

DENN/MADD domain-containing 2D (DENND2D)
regulates Rab GTPases and represents a newly
[99]
recognized class of membrane trafficking proteins .
DENND2D interacts directly with Rab35 and functions
as a guanine nucleotide exchange factor for this
[100]
GTPase
. We evaluated the expression level and
methylation status of DENND2D in 112 pairs of gastric
tissues and found that GC tissues showed a significantly
lower mean mRNA expression level and a higher
frequency of promoter hypermethylation of DENND2D
[96]
than corresponding noncancerous tissues . These
findings were independent of tumor differentiation,
location, and morphology. Downregulation of DENND2D
mRNA in GC tissues was significantly associated with
factors related to more advanced GC, recurrence and
[96]
a subsequent poor prognosis . Expression level and
methylation status of DENND2D can serve as novel
tumor biomarkers that predict progression and early
recurrence of all types of GC.

DIAGNOSTIC POTENTIAL OF miRNAS IN
GC
Extensive studies in the past decade have indicated
the existence and importance of an additional
epigenetic mechanism for regulation of gene function
[105]
by means of small non-coding miRNAs
. Currently,
miRNAs are recognized as one of the major regulatory
gatekeepers of protein-coding genes in the human
[106]
genome
. Mature miRNAs measuring 20 to 23
nucleotides in length are incorporated into miRNA[107]
induced silencing complexes . These complexes then
bind to imperfect complementary sequences in the
3’-untranslated region of target mRNAs and negatively
regulate gene expression through either mRNA
[108]
degradation or translational inhibition
. MiRNAs
can be released from cancer cells into body fluids via
secreting exosome particles, which could protect them
[108]
from RNase degradation in the circulation
. With
the surprising stability of miRNAs in tissues, serum
or other body fluids, miRNAs have emerged as a new
type of cancer biomarker with immeasurable clinical
[12]
potential . Here, we introduce newly identified
miRNAs that potentially represent biomarkers for GC

Paired box gene 5

Paired box gene 5 (PAX5) was recently characterized
as the key nuclear protein in the paired boxcontaining family of transcription factors that are
involved in control of organ development and tissue
[101]
differentiation
. PAX5 also plays a role in the early
stages of B-cell differentiation, as well as neural
[102]
[81]
development and spermatogenesis
. Li et al
investigated the expression, methylation and function
of PAX5 in GC cells and tissues. PAX5 was frequently
downregulated in GC concomitant with promoter
hypermethylation. Artificial forced expression of PAX5
inhibited proliferation, migration and invasion of GC

WJG|www.wjgnet.com

9844

September 14, 2015|Volume 21|Issue 34|

Kanda M et al . Molecular diagnostics of GC
[109-136]

(Table 4)

MiR-25

.

SIGNIFICANCE OF lncRNAS IN GC
The genome sequencing projects revealed that the
human genome is composed of less than 2% proteincoding genes and that more than 90% of the genome
[107,140]
is transcribed as noncoding RNAs
. LncRNAs are
a class of newly identified noncoding RNAs, > 200
nucleotides in length, that are currently being studied
[141]
for their roles in cellular processes . Changes in the
expression levels of lncRNAs have been increasingly
reported in various malignancies, suggesting that
lncRNAs may play a role in tumorigenesis and tumor
[142]
progression
. Interestingly, recent studies have
suggested that lncRNAs also exist in serum, plasma
and other body fluids, and certain lncRNAs have been
[142,143]
described as candidate biomarkers
. Here, we
introduce reported GC-related lncRNAs from recent
[140,142,144-147]
publications (Table 5)
.

[124]

Li et al
investigated the expression level of miR-25
in plasma and GC tissues and found overexpression
of miR-25 in patients with lymph node metastasis.
Inhibition of miR-25 significantly suppressed metastasis,
invasion and proliferation in vitro and reduced the
metastatic capacity of GC cells in vivo through
repression of transducer of ERBB2, 1 expression.
Furthermore, patients with high plasma expression of
[124]
miR-25 had poor prognoses . MiR-25 is related to GC
progression through repression of transducer of ERBB2,
1 and may represent a noninvasive biomarker for GC.

MiR-129

It has been reported that miR-129 is a cancer[137]
associated miRNA
. In previous studies, miR-129
levels were significantly altered in cancerous tissues,
including GC, when compared to noncancerous tissues.
MiR-129 has been shown to play an important role in
regulating cell proliferation by downregulation of cyclin[118,138]
[118]
dependent kinase 6
. Yu et al
assessed the
diagnostic values of miR-129-1/2 in gastric secretion
samples to propose a new screening tool for GC. After
examining 141 secretion samples, patients with GC
showed significantly lower levels of miR-129-1 and
miR-129-2. Gastric secretions may be a good resource
for the molecular diagnosis of GC.

Colon cancer associated transcript 1

Colon cancer associated transcript 1 (CCAT1) was
found to be generally upregulated in colon cancer
and correlated with the rs6983267 allele, which was
[148]
associated with increased cancer susceptibility
.
The MYC enhancer region physically interacts with the
promoter region of CCAT1, suggesting that the cancerassociated variant rs6983267 as an MYC enhancer
[140]
could regulate CCAT1 expression
. Additionally,
CCAT1 was reported to have a role in cell-cycle
[148]
regulation and development of colon cancer . Zhang
[140]
et al
reported that CCAT1 was upregulated in GC
tissues compared to paired adjacent normal tissues
and that knockdown of CCAT1 significantly inhibited
proliferation of GC cells by inducing G0/G1 cell-cycle
arrest, apoptosis and inactivation of the ERK/MAPK
signaling pathway. Diagnostic performance of CCAT1
is expected to be evaluated in a large cohort in the
future.

MiR-199a-3p
[115]

Li et al
performed microarray profiling of plasma
samples to compare expression patterns in GC patients
and healthy controls and to identify circulating miRNAs
that may be novel diagnostic markers for GC. MiRNA199a-3p was found to be significantly elevated in GC
patients and was reduced after resection of the primary
tumors in the training set. In the validation stage in
a large cohort, plasma miR-199a-3p was elevated in
GC patients compared to healthy controls, with a high
under the receiver operating characteristic curve area
(0.837), and was significantly associated with tumor
[115]
depth, lymph node metastasis and stage
. Plasma
miRNA-199a-3p was shown to be a potential biomarker
both for early detection and progression of GC.

Hypoxia inducible factor 1 alpha antisense RNA-2

Hypoxia inducible factor 1 alpha antisense RNA-2
(HIF1A-AS2) is an antisense long noncoding RNA,
which is a natural antisense transcript of hypoxia[149]
inducible factor 1alpha (HIF-1a)
. Although earlier
reports indicated that HIF1A-AS2 plays a crucial role
in cancer development, via regulation of the cancerrelevant HIF-1a pathway, its oncological role in
[150,151]
[146]
GC remains to be determined
. Chen et al
reported that upregulation of HIF1A-AS2 was found
in GC tissues and significantly correlated with tumor
depth, lymph node metastasis, advanced stage and
poor prognosis. Furthermore, knockdown of HIF1AAS2 in GC cells inhibited proliferation in vitro and
tumorigenesis in vivo. HIF1A-AS2 may be considered
as a promising biomarker for GC.

MiR-630

MiR-630 has been reported to be elevated in lung,
head and neck, and pancreatic cancers, and reports
[139]
show that it can modulate chemosensitivity . Chu et
[120]
al
examined expression levels of miR-630 in 236 GC
and adjacent normal tissues and found that miR-630
was elevated in GC tissues. Increased expression of
miR-630 was significantly associated with depth of
the tumor, lymph node metastasis, distant metastasis
and poor overall survival, indicating that miR-630
may serve as a potential marker for the initiation and
progression of GC.
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Gastric adenocarcinoma predictive long intergenic
noncoding RNA
[145]

Hu et al
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conducted global microarray and in situ
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Table 4 Dysregulated microRNAs in hepatocellular carcinoma
Symbol (location)

Materials

Detection
methods

Pt

Survival

Relevant clinical
factors

Functional
analyses

Interacting
molecules

In vivo study

Ref.

Early detection
miR-21 (17q23.1)
miR-22 (17p13.3)

Circulating
Tissue

QPCR
QPCR

103
32

-

Size, depth
-

CD151

-

[116]
[117]

miR-29c (1q32.2)

Tissue

QPCR

274

-

-

ITGB1

Yes

[135]

miR-30b (8q24.22)
miR-106b (7q22.1)
miR-129 (7q32.1)
miR-141 (12p13.31)

Tissue
Circulating
Gastric juice
Tissue

QPCR
QPCR
QPCR
QPCR

21
40
141
30

-

Age
-

PAI-1
HDGF

Yes
-

[134]
[132]
[118]
[119]

miR-148a (7p15.2)
miR-181c (19p13.13)

Tissue
Tissue,
circulating
Tissue,
circulating

QPCR
QPCR

64
30

-

Size
-

Proliferation,
migration,
invasion
Proliferation,
adhesion,
invasion,
migration
Apoptosis
Proliferation,
migration,
invasion
-

-

-

[127]
[113]

QPCR

75

-

T, stage

-

-

[126]

Tissue,
circulating
Circulating
Circulating

QPCR

180

-

T, N, stage

Proliferation,
migration,
invasion, cell
cycle
-

-

-

[115]

QPCR
QPCR

60
50

-

Helicobacter pylori
Size,
differentiation,
stage

-

-

-

[109]
[130]

QPCR

40

OS, RFS

N, stage

FGF9

Yes

[114]

129

RFS

Age

Proliferation,
metastasis
-

-

-

[128]

126

OS, RFS

N, stage

Proliferation,
metastasis
Migration,
invasion
-

-

Yes

[129]

-

-

[110]

-

-

[111]
[121]

Proliferation,
migration,
invasion
-

TOB1

Yes

[124]

-

-

[125]

PDCD4

-

[122]

-

-

[136]

CSF1

-

[131]

-

-

[120]

-

-

-

[112]

-

-

-

[123]

miR-191 (3p21.31)

miR-199a-3p (12)
miR-223 (Xq12)
miR-233 (X)

Monitoring recurrences
miR-26a (3p22.2)
Tissue

miR-34b/c (11q23.1) Noncancerous Pyrosequencing
tissue
miR-185 (22q11.21)
Tissue
QPCR
miR-196a (17q21.32)

Tissue,
circulating
Circulating
Circulating

QPCR

72

-

-

QPCR
QPCR

52
114

OS, PFS
OS, RFS

N, stage

Tissue,
circulating

QPCR

70

OS

N, stage

miR-132 (17p13.3)

Tissue

QPCR

79

OS

miR-183 (7q32.2)

Tissue

QPCR

80

-

miR-192 (11q13.1)

Tissue

QPCR

38

-

miR-214 (1q24.3)

Tissue

QPCR

80

-

miR-630 (15q24.1)
Tissue
Prediction of treatment response
miR-17-5p (13q31.3) Circulating

QPCR

236

OS

QPCR

65

OS

miR-27a (19p13.13)

QPCR

82

OS

miR-200c (12p13.31)
miR-222 (Xp11.3)
Prediction of survival
miR-25 (7q22.1)

Circulating

Lymphovascular
invasion, N, stage
Depth, N, stage Proliferation,
migration,
invasion,
apoptosis
Sex, vascular
Invasion
invasion, N
Size, N
Proliferation,
migration,
invasion
Depth, N, stage
Differentiation,
stage
Chemoresistance

Pt: Number of patients enrolled in expression analysis; QPCR: Quantitative real-time reverse transcription-polymerase chain reaction; OS: Overall survival;
RFS: Recurrence free survival; PFS: Progression free survival; N: Lymph node metastasis.
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Table 5 Gastric cancer-associated long non cording RNAs
Materials

Detection
methods

Pt

Survival

Relevant clinical
factors

Functional analyses

Interacting
molecules

In vivo

Ref.

Circulating
Tissue

QPCR
QPCR

106
60

OS
-

Perineural
invasion, stage

-

-

-

[142]
[144]

Prediction of survival
BLACAT1 (1q32.1)

Tissue

QPCR

85

OS

Size, N, stage

-

-

[147]

CCAT1 (8q24.21)

Tissue

QPCR

62

-

Size, stage

[140]

Tissue

Microarray

90

OS

Size, N

ERK/MAPK
pathway
CD44

-

GAPLINC (18)

-

[145]

HIF1A-AS2 (14q23.2)

Tissue

QPCR

83

OS

Depth, N, stage

Proliferation,
migration, invasion
Proliferation,
apoptosis
Proliferation,
migration
Proliferation

-

Yes

[146]

Symbol (location)
Early detection
CUDR (19p13.12)
HOTAIR (12q13.13)

study

Pt: Number of patients enrolled in expression analysis; QPCR: Quantitative real-time reverse transcription-polymerase chain reaction; OS: Overall survival;
N: Lymph node metastasis.

hybridization analyses to explore novel GC-related
lncRNAs and identified gastric adenocarcinoma
predictive long intergenic noncoding RNA (GAPLINC)
as an aberrantly expressed lncRNA. Suppression of
GAPLINC led to alterations in cell migration pathways,
particularly in CD44. GAPLINC induced increased the
cell migration and proliferation abilities of GC cells, and
the positive effects of GAPLINC were neutralized by
[145]
suppression of CD44
. Patients with high GAPLINC
expression in GC tissues had a significantly worse
prognosis, suggesting that GAPLINC may represent a
promising biomarker for GC.

for GC and explores their relationship to disease
susceptibility, diagnosis, prognosis and response to
treatment.
Despite these encouraging results, there are still
many issues to be resolved in the field of GC-related
molecular biomarker research. First, a major challenge
to identifying reliable biomarkers is inter-individual
variability of expression levels influenced by various
factors such as pathology, hypoxia, infection and
cytotoxic treatment, response to targeted therapy and
[8]
drug resistance . Second, there is not yet enough
data available on circulating molecular profiles to
be used as potential biomarkers for the diagnosis
and prognosis of GC. Ultimately, blood samples can
represent noninvasive screening tools without other
invasive procedures such as endoscopy and surgery.
Third, we require more robust platforms and quick
analytical methods because DNA/RNA extraction and
bisulfite conversion is too time-intensive for clinical
use. Finally, most studies demonstrating the diagnostic
potential of molecular markers have involved small
sample sets. Thus, these candidate molecules must be
validated in large independent cohorts to confirm the
existence of a predictive value.
Although there are still many challenges in the
field of GC-related molecular biomarker research, the
accumulation of genetic and epigenetic data is of key
importance to improve the diagnosis and management
of GC and overcome this disease in the future.

CONCLUSION
Exhaustive research performed over recent years
and the development of new genetic technologies
have built the foundation for a better understanding
[18,19]
of the molecular pathogenesis of GC
. This review
aimed to describe the relevance of genomics as a
novel diagnostic and prognostic tool in GC, to give an
overview of epigenetics in GC (methylation, miRNA
and lncRNA) and to discuss how the application of
molecular data to the management of GC might
improve the accuracy of prognosis prediction and lead
to more efficient personalized treatments for GC.
Improvement of the treatment outcomes for
GC in the future is dependent on the development
[8,17]
of sophisticated biomarkers
. High-performance
biomarkers for early detection, potential distant meta
stasis and prediction of chemosensitivity, recurrence
[152]
and prognosis enable personalized therapy
. Even
with many putative biomarker molecules identified,
the outcomes for GC patients remain dismal due to
modest improvements in clinical treatment strategies.
Increased translational medicine efforts should be
made to globally encourage standardized systematic
biomarker validation studies in GC. On the basis of
recent data, this review highlights the potential of
recently reported molecular markers as biomarkers
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Abstract
Hepatocellular carcinoma (HCC) is an aggressive
malignancy and the second leading cause of cancerrelated deaths worldwide. Conventional biomarkers
exhibit poor performance in the surveillance, diagnosis,
and prognosis of HCC. MicroRNAs (miRNAs) are a class
of evolutionarily conserved small non-coding RNAs
that are involved in the regulation of gene expression
and protein translation, and they play critical roles
in cell growth, differentiation, and the development
of various types of cancers, including HCC. Recent
evidence revealed the role of miRNAs as potential novel
and ideal biomarkers for HCC. miRNAs are released to
extracellular spaces, and they are extremely stable in
bodily fluids, including serum or plasma, where they
are packaged into various microparticles or associated
with RNA-binding proteins. Numerous studies have
demonstrated that circulating miRNAs have potential
applications as minimally invasive biomarkers for HCC
diagnosis and prognosis. The present review highlights
current understanding of miRNA biogenesis and the
origins and types of circulating miRNAs. We summarize
recent progress in the use of circulating miRNAs as
diagnostic and prognostic biomarkers for HCC. We also
discuss the challenges and perspectives of the clinical
utility of circulating miRNAs in HCC.
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and contrast-enhanced computed tomography (CT)]
and laboratory biomarker analysis [serum alpha[9,10]
fetoprotein (AFP) levels]
. However, the diagnostic
performance of imaging technologies is unsatisfactory,
particularly for the diagnosis of small lesions and
[11,12]
early-stage HCC
. AFP is the most commonly
used tumor marker for HCC diagnosis and prognosis
prediction, but the false negative rate using AFP level
alone is as high as 40% for patients with early-stage
HCC. AFP levels remain normal in 15%-30% of all
[6,13]
the patients, even patients with advanced HCC
.
Therefore, the American Association for the Study of
Liver Disease Practice Guidelines discarded AFP for
surveillance and diagnosis because of its low sensitivity
[14]
(39%-64%) and specificity (76%-94%) . Therefore,
the identification of novel and ideal biomarkers with
high specificity and sensitivity for HCC diagnosis is
desperately needed. Circulating microRNAs (miRNAs)
have received remarkable attention because they
offer great advantages and good performance as
novel biomarkers for HCC diagnosis and prognosis
[15]
prediction .
Emerging evidence demonstrated that miRNAs
are an important class of non-coding RNAs as tumor
oncogenes or suppressors that are involved in the HCC
[16]
development . miRNAs are endogenous nucleotides
that are found in intra- and extracellular spaces, such
[15,17]
as blood, urine and saliva
. Cellular miRNAs are
[18]
also released, detected and quantified in the blood .
Circulating miRNAs exhibit several obvious advantages
as potentially novel and ideal diagnostic biomarkers,
including significant stability in various types of body
fluids, resistance to endogenous RNase digestion, low
cost, ease of analysis, and sensitive detection methods,
such as real-time quantitative polymerase chain
[19-21]
reaction (qRT-PCR)
. The above characteristics
of circulating miRNAs and the limitations of currently
available non-invasive methods to monitor HCC indicate
that circulating miRNAs are a rapidly growing field of
research that hold great promise for the development
of reliable biomarkers for the diagnosis and monitoring
[6,20,22]
of HCC
.
This review highlights miRNA biogenesis and the
types and origins of circulating miRNAs, summarizes
recent findings of circulating miRNAs as prognostic
and predictive biomarkers for HCC, and addresses
challenges and perspectives for the clinical utility of
circulating miRNAs in HCC.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: MicroRNAs (miRNAs) play critical roles in
cell growth, differentiation, and the development of
hepatocellular carcinoma (HCC). The study of circulating
miRNAs is a rapidly growing field of research, indicating
the potential applications of miRNAs as minimally
invasive biomarkers for HCC diagnosis, recurrence
monitoring and prognosis. This review highlights
current understanding of miRNA biogenesis and the
origins and types of circulating miRNAs and summarizes
recent progress in the study of circulating miRNAs as
diagnostic and prognostic biomarkers for HCC. We also
discuss the challenges and perspectives regarding the
clinical utility of circulating miRNAs in HCC.
Zhang YC, Xu Z, Zhang TF, Wang YL. Circulating microRNAs
as diagnostic and prognostic tools for hepatocellular carcinoma.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the seventh most
common malignancy and the second leading cause of
cancer-related deaths worldwide. Globally, there are
approximately 750000 new cases and 700000 deaths
[1-3]
of HCC reported per annum . Two well-known risk
factors for HCC are chronic viral hepatitis B (HBV)
and C (HCV), which account for 80%-90% of all HCC
cases worldwide. Other risks for HCC include obesity,
diabetes, vitamin D deficiency, aflatoxin B1 exposure,
[4,5]
alcoholic and non-alcoholic liver cirrhosis . However,
the underlying mechanism of HCC has not been
entirely elucidated. Surgical resection and orthotopic
liver transplantation are the best curative tools for the
long-term survival of HCC patients. However, surgical
resection is not feasible in more than 80% of HCC
patients because of tumor location, tumor size or
severity of the underlying liver disease. Only 5%-15%
[6,7]
of HCC patients are potentially resectable . The
overall five-year survival rate in patients with HCC is
very low, ranging from 5% to 9%. The cumulative fiveyear recurrence rate is approximately 70% to 80%
even after curative surgical resection. Recurrence after
[8]
resection generally results in a high rate of mortality .
Therefore, the most urgent needs are the identification
of sensitive and specific markers for early diagnosis,
the monitoring of recurrence and the prediction of
prognosis for HCC.
Current methods for HCC diagnosis are classified
into the following main categories: imaging [abdominal
ultrasonography, magnetic resonance imaging (MRI),
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miRNA BIOGENESIS AND FUNCTION
miRNAs are single-stranded, non-coding RNA strands
of 19-25 nucleotides that regulate more than 50%
[23,24]
of all protein-coding genes in mammals
. There
are 1881 human miRNAs sequences registered in the
miRBase database. The synthesis of miRNAs primarily
consists of two steps, including nuclear synthesis
[25]
within and outside of the nucleus
(Figure 1). First,
RNA polymerase Ⅱ transcribes miRNAs in the nucleus
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Figure 1 MicroRNAs biogenesis and function. In the nucleus, pri-miRNAs are transcribed by RNA Polymerase Ⅱ (Pol Ⅱ) to pre-miRNAs after processing by the
microprocessor complex, which consists of Drosha and DGCR8. Pre-miRNAs are exported from the nucleus to the cytoplasm by exportin-5 and processed into the
miRNA-miRNA* duplex by Dicer. The duplex is separated into two strands: one strand is selected as the mature miRNA, and the other strand is degraded. Mature
miRNAs are incorporated into RISC (RNA-induced silencing complex) to produce target mRNA repression (imperfect complementarity) or mRNA cleavage (perfect
complementarity). pri-miRNAs: Primary miRNAs; Pol Ⅱ: RNA Polymerase Ⅱ; pre-miRNAs: MiRNAs precursor; DGCR8: DiGeorge syndrome critical region gene;
miRNA: MicroRNA; RISC: RNA-induced silencing complex.
[38,40,41]

into primary miRNAs (pri-miRNAs) that are several
[26,27]
hundred nucleotides in length
. Subsequently, the
microprocessor complex, which consists of DiGeorge
syndrome critical region gene (DGCR8) and the
nuclease Drosha, cleaves the pri-miRNAs into miRNA
precursors (pre-miRNAs) of approximately 60 to
[3,28,29]
70 nucleotides
. Exportin-5 transports the pre[25,30,31]
miRNAs from the nucleus to the cytoplasm
. The
pre-miRNAs are further processed in the cytoplasm
by RNase Dicer to final miRNA duplexes (miRNA*
[32,33]
miRNA ) of 19-25 nucleotides
. Finally, the mature
single-stranded miRNAs are generated and retained
to form RISC (RNA-induced silencing complex), which
is destined for mRNA repression/cleavage, but its
*
[33-35]
passenger strand (miRNA ) undergoes degradation
.
Mature miRNAs recognize and bind to the 3′ un
translated region (UTR) of multiple mRNA targets with
imperfect or perfect complementarity, which enables
one specific miRNA to inhibit the translation of multiple
[36]
genes . Multiple miRNAs may also regulate one
[17]
mRNA . miRNAs participate in many key cellular
processes, including proliferation, cell cycle, apoptosis,
[7,37]
and metastasis
. The involvement of miRNAs in
cancer is well established because miRNAs behave
as tumor-suppressor genes or oncogenes, depending
[38,39]
on the cellular function of their targets
. Growing
evidence indicates that miRNAs may become a new
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tool for HCC diagnosis, prognosis, and therapy

.

ORIGINS, TYPES, AND FUNCTION OF
CIRCULATING MIRNAS
The mechanisms through which circulating miRNAs
originate have been established recently. Figure 2
shows that circulating miRNAs originate from the
following mechanisms: (1) active secretion via
membrane vesicles; (2) active secretion in proteinmiRNA complexes and lipoprotein complexes (such
as high-density lipoproteins); (3) active secretion via
exosomes when a multivesicular body fuses with the
cell membrane; and (4) passive secretion originating
[42-46]
from cell necrosis and apoptosis
. Some research
has demonstrated that circulating miRNAs exist in two
different types, circulating protein-bound miRNAs or
[18,43,47,48]
circulating microparticle miRNAs
. Circulating
microparticle miRNAs are circulating miRNAs that
are packaged into microparticles. Three different
types of microparticles were defined by their size,
mechanisms of production, and protein and lipid
[49]
content : (1) exosomes (40 to 100 nm in diameter;
released by exocytosis from multivesicular bodies); (2)
microvesicles (100 to 1000 nm in diameter; released
via plasma budding); and (3) apoptotic bodies (1000
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Protein-bound miRNAs
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Figure 2 Mechanisms of microRNAs secretion into blood vessels; origins and types of circulating microRNAs. miRNAs can be secreted from living cells
into the extracellular environment (such as blood vessels) via the following mechanisms: (1) active secretion via exosomes; (2) active secretion via microvesicles; (3)
active secretion in protein-miRNA complex (Ago2) and lipoprotein complex (such as HDL); and (4) passive secretion through apoptotic bodies. Circulating miRNAs
may originate from immune cells, endothelial cells of other organs, and cancer-specific cells. In the blood, miRNAs can circulate as circulating protein-bound miRNAs
or circulating microparticle miRNAs. Three types of microparticles are found in circulating blood: exosomes, microvesicles and apoptotic body. Circulating miRNAs
are also present as protein-bound miRNAs. These miRNAs are primarily associated with specific RNA-bind proteins and lipoproteins, such as Ago2 and HDL. AGO:
Argonaute; HDL: High-density lipoprotein; miRNAs: MicroRNAs; MVB: Multivesicular body.

to 4000 nm in diameter; released by cells executing
[20,43,50,51]
apoptotic process)
. Circulating protein-bound
miRNAs are circulating miRNAs that are associated with
specific RNA-binding proteins and lipoproteins, such
[52]
as Ago2 , which is a component of the RNA-induced
silencing complex, and high-density lipoproteins
[53]
(HDL) . One study demonstrated that the majority
of circulating miRNAs were associated with protein
[52]
complexes rather than vesicles , but other reports
indicated that circulating miRNAs were selectively
[54-57]
sorted to microparticles or protein complexes
.
Notably, both types of circulating miRNAs vary in
different types of liver disease. Bala and co-workers
reported that circulating miR-122 and miR-155 are
predominantly associated with the exosome-rich
fraction in alcoholic liver disease and inflammatory liver
injury, but these miRNAs are present in the proteinrich fraction in drug-induced liver injury. Therefore,
these results suggest that the shift in different types of
circulating miRNAs may provide further specificity of
[22]
the mechanisms of liver pathology .
A recent study identified miRNAs in many body
[58]
fluids, including serum and plasma . Circulating
miRNAs in body fluids are packaged into microparticles
or bound to proteins, which provides stability and
resistance to plasma RNase digestion and enables
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miRNA transfer from one cell to another during diverse
[59]
biological processes . Circulating miRNAs exhibit
[60,61]
paracrine effects on tumor growth
. If tumors are
defined as relatively homogeneous cancer cells that
are formed in an independent microenvironment,
circulating miRNAs may play a novel role as regulators
of intercellular communications during tumor forma
[62,63]
tion
. Aside from their functional roles in tumori
genesis, circulating miRNAs represent a less invasive
alternative for diagnostic testing. Easily assessable
serum-based miRNAs may provide novel biomarkers
of diagnostic, prognostic and predictive values for HCC,
specifically in the field of hepatology.

CIRCULATING MIRNAS AS NOVEL
BIOMARKERS FOR HCC DIAGNOSIS AND
PROGNOSIS
The first description of the presence of circulating
miRNAs in serum and their potential as cancer
[64]
markers was reported by Lawrie et al
in 2008. This
study demonstrated the overexpression of miR-155,
miR-21 and miR-210 in patients with diffuse large
B-cell lymphoma compared to healthy controls.
Notably, high miR-21 levels were associated with the

9856

September 14, 2015|Volume 21|Issue 34|

Zhang YC et al . Circulating microRNAs for HCC diagnosis and prognosis
[60]

relapse-free survival of these patients . Multiple
studies identified circulating miRNAs as diagnostic and
prognostic markers for a wide range of malignancies,
which primarily used blood plasma or serum for their
[48]
analyses .
Evidence also suggests that miRNAs are widely
involved in HCC carcinogenesis, differentiation and
metastasis. Aberrant miRNA expression was reported
in HCC patients and cell lines. More information on
aberrant miRNA expression in HCC is available in
[3,40]
comprehensive reviews
. Therefore, circulating
miRNAs should be affected during HCC development
and progression. Various reports demonstrated the
potential clinical application of circulating miRNAs in
HCC diagnosis and prognosis.

controls, but not HCC patients from patients with
chronic hepatitis. Therefore, these authors proposed
serum miR-122 as a novel biomarker for liver
injury but not specifically for HCC. HCC is a highly
complex, multifactorial and heterogeneous disease,
and numerous miRNAs are dysregulated during HCC
onset and progression. Therefore, a combination of
multiple circulating miRNAs or a plasma/serum miRNA
panel instead of a single circulating miRNA may offer
more specificity and sensitivity as biomarkers for HCC
diagnosis and prognosis prediction.

Plasma/serum miRNA panel as biomarkers for HCC
diagnosis
[74]

Jiang et al
demonstrated that three serum miRNAs
(miR-10b, miR-106b, and miR-181a) discriminated
HCC patients from normal controls (AUC of 0.85,
0.82, and 0.89, respectively). However, the ability
of single serum miRNA to differentiate CLD patients
from normal controls was not satisfactory. This
report indicated that the panel of three serum
miRNAs displayed better performance compared to
a single serum miRNA assay, with an AUC of 0.94 in
discriminating HCC patients from normal controls and
0.91 in discriminating HCC patients from CLD.
[12]
Tan et al preformed a study of 667 subjects (261
HCC patients, 233 cirrhosis patients, and 173 healthy
controls) to identify a serum miRNA panel for use as
biomarkers in the diagnosis of HBV-related HCC. Tan
[12]
et al
first used sequencing to analyze miRNAs that
were differently expressed in serum samples obtained
from three patients with HBV-related HCC compared
to sera from three cirrhosis patients, and three healthy
controls. Secondly, differently expressed miRNAs
were validated using qRT-PCR in 20 HBV-related HCC
patients, 20 cirrhosis patients and 20 healthy controls
in the biomarker selection stage. Subsequently, 135
HBV-related HCC patients, 132 cirrhosis patients and
90 healthy controls formed a training set. Finally,
the established serum miRNA panel was tested in
an independent cohort in the validation phase (103
HBV-related HCC patients, 78 cirrhosis patients,
and 60 healthy controls). These data identified eight
miRNAs (miR-206, miR-141-3p, miR-433-3p, miR1228-5p, miR-199a-5p, miR-122-5p, miR-192-5p,
and miR-26a-5p) and established a serum miRNA
panel that provided high diagnostic accuracy for HCC
(AUC = 0.887 and 0.879 for training and validation
sets, respectively). These results demonstrated that
a serum miRNA panel could differentiate HBV-related
HCC from healthy controls (AUC = 0.893) and cirrhosis
(AUC = 0.892) with a high degree of accuracy.
[75]
Similarly, Zhou et al
also attempted to identify a
plasma miRNA panel for the diagnosis of HBV-related
HCC. This study investigated 934 participants (healthy,
chronic hepatitis B, cirrhosis, and HBV-related HCC).
[75]
First, Zhou et al
used microarrays to screen 723
miRNAs in 137 plasma samples for the diagnosis of

Single circulating miRNAs as biomarkers for HCC
diagnosis

The identification of a single or several individual
circulating miRNAs as biomarkers for HCC diagnosis
is expected. This approach has a unique advantage
because it is much simpler and more straightforward
compared to the detection of all circulating miRNAs. For
example, miR-122 in the liver was the most abundant
liver-specific miRNA, and it accounted for 70% of the
[65]
total hepatic miRNAs . MiR-122 plays a critical role in
[66]
liver homeostasis and hepatocarcinogenesis . Xu et
[67]
[68]
al and Qi et al
found elevated levels of circulating
miR-122 in patients with HCC compared to healthy
[68]
individuals. Qi et al
revealed that serum miR-122
was a potential marker for the discrimination of HCC
patients from healthy controls with an AUC (the area
under the receiver operating characteristic curve) of
0.869, and a cut-off value of 0.475. The sensitivity
and specificity for serum miR-122 were 81.6% and
[67]
83.3%, respectively. Xu et al
found similar results.
These results suggest that circulating miR-122, which
is a liver-specific miRNA, may serve as a potential
marker for HCC diagnosis. MiR-21 is also a promising
biochemical biomarker for HCC diagnosis because
plasma levels of miR-21 are notably higher in HCC
patients than in healthy volunteers and patients with
[69]
[6]
chronic hepatitis . Zhang et al demonstrated
that serum miR-143 and miR-215 were valuable
biomarkers to distinguish HCC from healthy controls
with an AUC of 0.795 (sensitivity and specificity were
71% and 83%, respectively) and 0.816 (sensitivity
and specificity were 80% and 91%, respectively),
respectively.
However, the specificity of the detection method for
a single or several individual HCC-related circulating
miRNAs is relatively poor. For example, increased
levels of circulating miRNA-122 are found in HCC,
[70]
[71]
HBV infection , HCV infection , non-alcoholic
[72]
[67]
fatty-liver disease , liver cirrhosis , and alcohol[73]
[67]
[68]
related liver disease . Xu et al
and Qi et al
suggest that serum miR-122 is a potential marker
for the discrimination of HCC patients from healthy
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HCC in the discovery stage. Fifteen candidate miRNAs
that were discovered via microarray were selected for
further testing using qRT-PCR from 102 participants
in the training stage. Seven miRNAs that were
differentially expressed between the HCC and control
groups (healthy, chronic hepatitis B, and cirrhosis)
were further tested in an additional 305 participants.
Finally, seven miRNAs were used to predict the
probability of HCC diagnosis in an independent cohort
of 390 patients in the validation phase. The results
demonstrated that the plasma miRNA panel (miR-122,
miR-192, miR-21, miR-223, miR-26a, miR-27a, and
miR-801) provided a high diagnostic accuracy of HCC
(AUC = 0.864 and 0.888 for training and validation
data set, respectively), and it differentiated HCC from
healthy controls (AUC = 0.941), chronic hepatitis
B (AUC = 0.842), and cirrhosis (AUC = 0.884),
respectively.

combination of serum/plasma miRNAs with already
established markers (such as AFP) may improve the
performance of HCC diagnosis.

Circulating miRNAs as prognostic biomarkers for HCC

Circulating miRNAs may also aid the prediction of
[4]
HCC prognosis. For example, Xu et al analyzed the
prognostic role of serum miR-122 levels in 122 HCC
patients, and their results revealed a higher overall
survival rate in HCC patients with high serum miR-122
levels compared to low miR-122 levels. They also found
that high serum miR-122 levels were independently
associated with higher overall survival rates in HCC
patients. These outcomes suggest that a high serum
miR-122 level is a good biomarker of prognosis in HCC
[79]
patients. Köberle et al
also found that HCC patients
with higher miR-122 serum levels exhibited longer
overall survival than individuals with lower miR-122
serum concentrations, but the serum miR-122 level
was not independently associated with overall survival.
[79]
However, Köberle et al
suggested that miR-1 serum
levels were independently associated with overall
survival, but miR-1 serum levels exhibited no relevant
correlation with clinical chemistry liver parameters.
Their data indicated that serum miR-1 might improve
the predictive value of classical HCC staging scores. Li
[80]
et al
found that high levels of miR-221 expression
correlated with tumor size, cirrhosis and tumor stage
in HCC patients. Their results also suggested that the
overall survival rate of the high miR-221 expression
group was significantly lower than that of the low
miR-221 expression group. Therefore, serum miR-221
also might provide predictive significance for the
prognosis of HCC patients.
Collectively, these data illustrate that circulating
miRNAs may be used as non-invasive biomarkers
for the diagnosis and prognosis of HCC, and these
nucleotides may become promising next-generation
biomarkers for HCC detection. The data described
above are summarized in Table 1.

Combination of serum/plasma miRNAs with AFP for
HCC diagnosis

AFP is the most widely used and broadly known
biomarker for HCC diagnosis, and the combination
of AFP measurement and ultrasound at 6-mo
intervals are the standard tools for the diagnosis and
monitoring of HCC in China. However, the sensitivity
and specificity of serum AFP levels are relatively
unsatisfactory, especially for AFP-negative HCC and
small-size HCC (< 3 cm). The testing of AFP levels was
dropped from current surveillance guidelines in Europe
and the United States because of its low sensitivity
[12,76,77]
and specificity
. AFP is not an ideal biomarker
for HCC, but some reports demonstrated that a
combination of serum/plasma miRNAs with alkaline
phosphatase (ALP) may be beneficial in HCC patients
and improve the sensitivity and specificity of liver
cancer diagnosis.
[69]
For example, Tomimaru et al
measured plasma
miR-21 level using qRT-PCR in 126 HCC patients, 30
chronic hepatitis patients, and 50 healthy volunteers.
Their results suggested that miR-21 levels were higher
in HCC patients than in chronic hepatitis patients
(AUC of 77.3; sensitivity of 61.1% and specificity
of 83.3%) and healthy volunteers (AUC of 95.3;
sensitivity of 87.3% and specificity of 96%). Notably,
the combination of plasma miR-21 with AFP improved
the differentiation power between HCC patients
and patients with chronic hepatitis (AUC of 0.823;
sensitivity of 81.0% and specificity of 80.0%) and
healthy volunteers (AUC to 0.971; sensitivity of 92.9%
[78]
and specificity of 94.0%). Qu et al
analyzed serum
levels of three miRNAs, namely miR-16, miR-195,
and miR-199a, either alone or in combination with
conventional serum markers (AFP, ALP-L3 and DCP) to
differentiate HCC from CLDs. These authors suggested
that miR-16 was a more sensitive biomarker for HCC,
and the combination of miR-16, AFP, AFP-L3, and DCP
identified 92.4% of HCC cases with a high specificity
(78.5%). These results demonstrated that the
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CONCLUSION
The use of circulating miRNAs as biomarkers for HCC
has received attention since the first circulating miRNAs
signatures were reported as potential diagnostic tools
in oncology in 2008. This review highlights the process
of miRNAs biogenesis and elaborates the origins
and types of circulating miRNAs. Notably, we have
summarized recent advances in circulating miRNAs
signatures as non-invasive biomarkers in the diagnosis
and prognosis of HCC. Overall, our review illustrates
the potential application of circulating miRNAs,
either as a single marker or as a panel of circulating
miRNAs or in combination with conventional markers,
as biomarkers for HCC diagnosis and prognosis
predictions.
Encouraging progress in the use of circulating
miRNAs in HCC diagnosis and prognosis has been
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Table 1 Circulating microRNAs as diagnostic and prognostic biomarkers for hepatocellular carcinoma
MicroRNAs

Diagnosis/
prognosis

Up/downregulated in
plasma/serum

Plasma/serum

Relevance

Ref.

miR-12
miR-122
miR-223
miR-122
miR-21
miR-143
miR-215
miR-10b
miR-106b
miR-181a
miR-206
miR-141-3p
miR-433-3p
miR-1228-5p
miR-199a-5p
miR-122-5p
miR-192-5p
miR-26a-5p
miR-122
miR-192
miR-21
miR-223
miR-26a
miR-27a
miR-801
miR-16
miR-21
miR-375d
miR-199a-3p
miR-30c-5p
miR-223-3p
miR-302c-3p
miR-17-5p
miR-122
miR-1
miR-221

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
No/Yes
No/Yes
No/Yes

Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Downregulated
Upregulated
Upregulated
Upregulated
Upregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Upregulated
Upregulated
Downregulated
Downregulated
Downregulated
Upregulated
Downregulated
Upregulated
Downregulated
Downregulated
Upregulated
Downregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated

Serum
Serum
Serum
Serum
Plasma
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Plasma
Plasma
Plasma
Plasma
Plasma
Plasma
Plasma
Serum
Plasma
Serum

Compared with healthy control

[67]
[67]
[67]
[68]
[69]
[6]
[6]
[74]
[74]
[74]
[12]
[12]
[12]
[12]
[12]
[12]
[12]
[12]
[75]
[75]
[75]
[75]
[75]
[75]
[75]
[78]
[69]
[87]
[87]
[15]
[15]
[15]
[15]
[4]
[79]
[81]

Compared with healthy control
Compared with chronic hepatitis or healthy control
Compared with healthy control
Compared with CLD or healthy control

HBV-related HCC compared with cirrhosis or healthy
control

HBV-related HCC compared with chronic hepatitis B or
healthy control

Compared with CLD or healthy control
Compared with chronic hepatitis or healthy volunteers
Compared with healthy control

Serum
Serum
Serum
Serum
Serum
Serum
Serum

HCV-related HCC compared with healthy control

Improved overall survival
Improved overall survival
High serum miR-221 levels decreased survival rate

miRNAs: MicroRNAs; CLD: Chronic liver disease; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

made, and circulating miRNAs are extremely promising
biomarkers. However, there are no clinically used
miRNAs biomarkers for HCC, and further investigation
is required to overcome some of the challenges in their
application. First, the origin of circulating miRNAs has
not been fully elucidated. Circulating miRNAs in serum/
plasma have a heterogeneous origin, including from
blood cells, endothelia cells, and other high bloodflow organs, which demonstrates that the expression
of tumor-specific miRNA signatures may be masked
[19,81-83]
by circulating miRNAs from other origins
.
Another issue is that well-standardized protocols
are not implemented for pre-analytical decisions of
circulating miRNAs (e.g., sample storage, sample
processing, the profiling method) to post-analytical
processing (e.g., data normalization), which makes
[43,84]
definitive comparisons between studies difficult
.
Unfortunately, there is no widely accepted endogenous
normalization control for circulating miRNAs, despite
the use of qRT-PCR, which is the most commonly used
technology for the detection of miRNAs in circulation.
Furthermore, most miRNAs studies use small sample
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sizes, limited number of screened miRNAs, fail to
differentiate HCC from hepatitis B and C, and lack
[9,20,74]
large-scale prospective studies
. Moreover, much
work is also required to compare values of circulating
protein-bound miRNAs and microparticle miRNAs in
different HCC patients. Finally, it is very important to
use appropriate controls that are well matched in age,
race, gender, etiology and severity of underlying liver
disease when evaluating the sensitivity and specificity
of circulating miRNAs for the diagnosis and monitoring
[20,85,86]
of HCC
.
Research on circulating miRNAs is in its infancy, and
there are some challenges in the clinical application of
circulating miRNAs. However, an improved understanding
of the origins, stability, detection methods, and roles
of circulating miRNAs in HCC will support the great
potential of circulating miRNAs to become diagnostic and
prognostic tools for HCC in the future.
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REVIEW

Circulating microRNAs and long non-coding RNAs in gastric
cancer diagnosis: An update and review
Ya-Kai Huang, Jian-Chun Yu
RNAs in cancer research. To date, the roles of miRNAs
and lncRNAs have been extensively studied in GC,
suggesting that miRNAs and lncRNAs represent a vital
component of tumor biology. Furthermore, circulating
miRNAs and lncRNAs are found to be dysregulated in
patients with GC compared with healthy individuals.
Circulating miRNAs and lncRNAs may function as
promising biomarkers to improve the early detection
of GC. Multiple possibilities for miRNA secretion
have been elucidated, including active secretion by
microvesicles, exosomes, apoptotic bodies, highdensity lipoproteins and protein complexes as well as
passive leakage from cells. However, the mechanism
underlying lncRNA secretion and the functions of
circulating miRNAs and lncRNAs have not been fully
illuminated. Concurrently, to standardize results of
global investigations of circulating miRNAs and lncRNAs
biomarker studies, several recommendations for preanalytic considerations are put forward. In this review,
we summarize the known circulating miRNAs and
lncRNAs for GC diagnosis. The possible mechanism of
miRNA and lncRNA secretion as well as methodologies
for identification of circulating miRNAs and lncRNAs are
also discussed. The topics covered here highlight new
insights into GC diagnosis and screening.
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Core tip: MicroRNAs (miRNAs) and long non-coding
RNAs (lncRNAs) are the most popular non-coding RNAs
in cancer research. The roles of miRNAs and lncRNAs
have been extensively studied in gastric cancer (GC).
Concurrently, circulating miRNAs and lncRNAs may
function as promising biomarkers to improve the early
detection of GC. In this review, we summarize the
known circulating miRNAs and lncRNAs for GC diagnosis.
The possible mechanism of miRNA and lncRNA secretion

Abstract
Gastric cancer (GC) is the fourth most common
cancer and the third leading cause of cancer mortality
worldwide. MicroRNAs (miRNAs) and long non-coding
RNAs (lncRNAs) are the most popular non-coding
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as well as methodologies for identification of circulating
miRNAs and lncRNAs are also discussed. The topics
covered here highlight new insights into GC diagnosis
and screening.

in 1993, accumulating evidence has suggested that
ectopic expression of miRNAs is responsible for a variety
of biological processes including embryonic development
[5-8]
and carcinogenesis . Ectopic expression of miRNAs
involved in tumorigenesis has been well described in
most tumor types. Up-regulation, down-regulation
or silencing of specific miRNAs has been described
previously in the carcinogenesis of GC. A series of
miRNAs have been identified to be down-regulated and
act as tumor suppressors in GC by restraining oncogene
expression or interfering with pathways that regulate
cellular proliferation. Conversely, a number of miRNAs
have been detected that are up-regulated and that may
exhibit oncogenic functions in GC by targeting tumor
suppressor genes.
lncRNAs have also gained increasing popularity in
the current research climate. lncRNAs are defined as
RNA transcripts of more than 200 nucleotides in length
with no protein-coding capability and are sometimes
referred to as lincRNAs for long intergenic non-coding
RNAs. lncRNAs play crucial roles in controlling gene
expression during various physiological processes.
Emerging evidence has suggested that ectopic lncRNA
expression constitutes an important component of
tumorigenesis and is involved in angiogenesis and cell
[9-11]
proliferation, migration, and apoptosis
. lncRNAs
exhibit a wide spectrum of biological functions and
may work in conjunction with mRNAs and miRNAs
to serve the following functions (Figure 2): (1) serve
as enhancer RNAs (eRNAs) to compete with nascent
mRNA for negative elongation factor (NELF) complex
binding at the target promoter for transcriptional
[12]
regulation ; (2) serve as a scaffolding base for the
coordination of epigenetic or chromatin-modifying
[13]
complexes ; (3) directly modulate tumor suppressor
signaling by either transcriptional regulation of tumor
suppressor genes or mediation of tumor suppressor
[14,15]
target gene activation
; (4) serve as molecular
[16]
sponges for miRNAs ; (5) gene expression regulation
[17]
by direct lncRNA-mRNA interactions ; (6) function
as a decoy for miRNA or translation factors to regulate
[16]
gene expression ; and (7) hybridize with their
corresponding spliced mRNAs to form dsRNAs, which
are cleaved by Dicer to generate endogenous small
interfering RNAs (endo-siRNAs) to modulate gene
[18,19]
expression
. Growing evidence suggests that
lncRNA dysregulation correlates with GC tumorigenesis,
metastasis and prognosis. H19, HOTAIR, CCAT1,
GHET1, CDKN2B LSINCT-5, CUDR, LINC00152 and
MALAT1 can exhibit oncogenic functions in GC, whereas
GAS5, MEG3, BM742401 and FER1L4 may function
as tumor suppressors; their critical effects on tumor
growth may be mediated through competition for
targeted miRNAs or positive regulation of epithelial[20]
mesenchymal transition .
miRNAs that are protected by exosomes and other
microparticles have been detected in plasma, serum,
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INTRODUCTION
Gastric cancer (GC) was the fourth most common
cancer and the third leading cause of cancer mortality
[1]
worldwide in 2012 . To date, the development of
diagnostic methods and surgical techniques has
remarkably improved the prognosis of patients with
[2]
GC . However, for advanced GC, the 5-year survival
rate is 30%-50%, and the most common forms of
recurrence are lymph node metastasis, hematogenous
spread and peritoneal dissemination. The prognosis
[3]
for individuals with advanced disease remains poor .
Early-stage diagnosis of GC potentially reduces the
mortality of this disease. Many non-invasive methods
for GC detection are available, such as serum
pepsinogen and MG-7. However, the sensitivity and
specificity of these methods remain unsatisfactory.
Endoscopic screening for GC is currently the most
reliable diagnostic tool, but its cost and invasive nature
have limited its use. Therefore, novel, non-invasive,
cost-effective and highly sensitive biomarkers are
urgently needed to improve GC detection.
RNA transcripts include mRNA and non-coding
RNAs; non-coding RNAs are defined as RNA transcripts
that do not encode a protein. Non-coding RNAs are
divided into two primary categories: small non-coding
RNAs (< 200 nt) and long non-coding RNAs (lncRNAs;
> 200 nt) (Figure 1). Some small non-coding RNAs are
housekeeping RNAs, such as rRNA and tRNA, which
are essential for cell physiology, while others, such
as microRNAs (miRNAs), splicing RNAs, promoterassociated short RNAs, tiny transcription-initiation
RNAs, termini-associated short RNAs, antisense
termini-associated short RNAs and 3’-untranslated
region (UTR)-derived RNAs, are associated with
protein-coding gene regulation.
To date, miRNAs are the most extensively studied
small non-coding RNAs. miRNAs are endogenous, singlestranded, non-coding, small RNAs of 21-22 nucleotides
that are involved in regulating gene expression by
incorporating into the RNA-induced silencing complex
(RISC) and preferential binding to specific sequences in
the 3’-UTR of their target mRNAs to suppress translation
[4]
or to induce mRNA degradation . Since their discovery
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(NELF) complex binding at the target promoter for transcriptional regulation; B: Serve as a scaffolding base for the coordination of epigenetic or chromatin-modifying
complexes; C: Serve as molecular sponges for microRNAs (miRNAs); D: Function as a decoy for miRNAs or translation factors to regulate gene expression; E:
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signaling by either transcriptional regulation of tumor suppressor genes or mediation of tumor suppressor target gene activation.
[21-24]

[8,25-27]

urine, saliva, and milk
. lncRNAs are also detected
in multiple body fluids. Circulating miRNAs and lncRNAs
meet the basic conditions for utility as biomarkers that
may be measured repeatedly and non-invasively in
a wide array of cancer types to distinguish patients
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from health individuals
. Circulating miRNAs and
lncRNAs may play an important role in the diagnosis of
various types of cancer. In this review, the diagnostic
applications of circulating miRNAs and lncRNAs in GC
are assessed.
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the highest expression level of all miR-200 cluster
members in the GC cell lines MKN-45 and OE-19.
Therefore, miR-200c was chosen for clinical validation.
A high diagnostic value of circulating miR-200c was
observed, with an AUC of 0.715, sensitivity of 65.4%
and specificity of 100%, indicating that miR-200c
may represent a novel biomarker for GC detection.
The Cox multivariate regression model was used to
further explore the relationship between circulating
miR-200c and clinical outcomes of GC patients, and
the result revealed that a high expression level of
circulating miR-200c was an independent prognostic
factor for progression free survival (PFS) and overall
survival (OS) in patients with GC. In GC tissues, miR200c was significantly down-regulated, which inhibited
the migration and invasion of GC cells by decreasing
[43]
ZEB1/2 expression . In addition to GC, serum miR200c was identified as an emerging metastasispredictive and prognostic biomarker for patients with
[44]
colorectal cancer .

PRIMARY CIRCULATING miRNAs USED
IN GC DIAGNOSIS
Main up-regulated circulating miRNAs used in GC
diagnosis

miR-1, miR-20a, miR-27a, miR-34a, and miR[28]
423-5p: Liu et al used Solexa sequencing to identify
a profile of five serum miRNAs, i.e., miR-1, miR-20a,
miR-27a, miR-34 and miR-423-5p, as a biomarker for
GC detection, and the expression levels of these five
miRNAs were associated with tumor stage. Receiver
operating characteristic (ROC) curves were used to
evaluate the diagnostic value of the five-serum miRNA
signature with a sensitivity of 80% and specificity
of 81%. The areas under the ROC curves (AUCs) of
serum miRNAs in sets Ⅰ and Ⅱ were 0.879 (95%CI:
0.822-0.936) and 0.831 (95%CI: 0.767-0.898),
respectively, which were higher than those of
carcinoembryonic antigen (CEA; 0.503; 95%CI:
0.411-0.595) and carbohydrate antigen 19-9 (CA19-9;
0.600; 95%CI: 0.507-0.684). The expression levels
of the five serum miRNAs differed significantly in the
GC patients at different tumor progression stages.
miR-20a, miR-27a and miR-423-5p were up-regulated
in GC tissues, miR-20a promoted GC progression by
[29]
directly targeting early growth response 2 , miR27a suppression inhibited GC cell growth by targeting
[30]
prohibitin , and miRNA-423-5p might represent a
promising therapeutic target for GC because of its
regulation of tumor cell proliferation and invasion by
[31]
targeting trefoil factor 1 . Taken together, current
research suggests that the onco-miRNA roles of miR20a, miR-27a and miR-423-5p in the tumorigenesis
of GC are important. miR-1 has been suggested to
function as a tumor suppressor miRNA because of its
down-regulated expression level in GC tissues, and the
[32]
ability of miR-1 to target MET has been validated .
However, changes in miR-34a expression were
[33,34]
inconsistent in GC tissues
. In 2009, miR-34a was
[34]
first identified to be significantly up-regulated in GC .
[33]
Subsequently, Kim et al
used a custom-designed
Agilent microarray to determine that miR-34a was
down-regulated in GC tissues, and PDGFR and the
transcription factor Yin Yang 1 (YY1) were identified as
[35,36]
targets of the miR-34 family
. However, the function
of miR-34a in GC may be fully elucidated in the future.
Moreover, these five miRNAs have also been reported
to play a potent role in the development of other types
of cancer, such as bladder cancer, squamous cell lung
carcinoma, hepatocarcinoma, colorectal carcinoma,
prostate cancer and glioblastoma, indicating the
potential utility of these five miRNAs in cancer therapy
[37-41]
in addition to their diagnostic value
.

[45]

miR-223, miR-16 and miR-100: Wang et al demon
strated that serum miR-223, miR-16 and miR-100
play crucial roles in GC screening. The expression
levels of serum miR-223, miR-16 and miR-100 were
significantly elevated in the GC group relative to the
controls, and these levels were associated with the
tumor-node-metastasis (TNM) stage, tumor size,
metastatic status and differentiation grade in GC
patients. AUCs of 0.85 for miR-223, 0.90 for miR-16,
and 0.71 for miR-100 were observed for GC detection.
The sensitivity and specificity of miR-223 were 81%
and 78%, respectively. miR-16 exhibited a sensitivity
of 79% and specificity of 78%, whereas the maximal
sensitivity and specificity of miR-100 were 0.71 and
0.58, respectively, implying that serum miR-223,
miR-16 and miR-100 may serve as biomarker
candidates for GC diagnosis. miR-223 and miR-100
were reported to exhibit elevated expression levels in
GC tissues. miR-223 was identified to function as an
oncogene that promotes GC invasion and metastasis
by targeting FBXW7/hCdc4 and EPB41L3, which are
[46,47]
[48]
tumor suppressor genes
. Yang et al
reported
that silencing miR-100 expression initiated a robust
apoptotic response in human GC cells and that HS3ST2
may be a target gene of miR-100, indicating its
oncogenic role in GC. The expression level of miR-16
[49]
in GC tissues is inconsistent; Oh et al
observed
that miR-16 was up-regulated in GC, whereas Xia et
[50]
[51]
al
and Li et al
reported that miR-16 was downregulated in GC tissue and GC cells. The reasons for
this difference have not yet been determined.
miR-16, miR-25, miR-92a, miR-451 and miR[52]
486-5p: Zhu et al
conducted a four-phase study to
identify and evaluate a cluster of circulating miRNAs as
novel biomarkers for GC diagnosis. During the discovery
phase, the authors obtained the circulating miRNA
expression profiles of gastric non-cardia adenocarcinoma

[42]

miR-200c: Valladares-Ayerbes et al
conducted a
study that included 52 GC patients and 15 controls
to explore the potential of using circulating miR200c in whole blood as a biomarker for GC diagnosis
and prognosis. In this study, miR-200c exhibited
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(GNCA) patients and controls using TLDA chips with
pooled samples, and differentially expressed circulating
miRNAs (miR-16, miR-25, miR-92a, miR-451 and
miR-486-5p) were validated by real-time quantitative
polymerase chain reaction (qRT-PCR). During the
independent validation phase, the five identified
miRNAs were examined in a larger independent sample
and found to be consistent with the previous phase,
suggesting that these five plasma miRNAs might serve
as promising biomarkers for early GNCA detection with
a sensitivity of 72.9%, specificity of 89.2% and AUC
of 0.812. In addition, miR-16, miR-92a and miR-25,
but not miR-486-5p or miR-451, were identified as
secretory miRNAs in BGC823 and MGC803 cell lines.
miR-25 and miR-92a were also found to be up-regulated
in GC tissues. miR-25 promotes GC cell motility and
[53,54]
proliferation by targeting LATS2 and RECK
, and
miR-92a promotes GC cell growth by targeting E2F1 and
[55]
HIPK1 , supporting the onco-miRNA roles of miR-25
and miR-92a in GC. miR-16, miR-451 and miR-4865p have exhibited inconsistent expression levels in GC
[33,51,56,57]
tissues in different research studies
potentially
due to different methodologies for miRNA detection. In
addition to GC, aberrant expression of miR-16, miR-92,
miR-25, miR-451 and miR-486-5p was also found to
participate in the development of many other types of
[58-69]
cancer
.
miR-16 and miR-93 were also identified by Song
[70]
et al
as suitable reference genes for serum miRNA
analysis in GC patients and healthy controls. In
[71]
their study, Song et al
identified seven candidate
reference miRNAs from the sera of GC patients. miR-16
and miR-93 were identified as the top two most stable
miRNAs serving as reference genes for serum miRNA
analysis for GC detection. miR-93 was significantly upregulated in GC specimens compared with healthy
controls, and the prognostic value of miR-93 was
[71]
observed in resectable gastric adenocarcinomas .
In addition to GC, circulating miR-93 also exhibits
[72]
potential diagnostic value for breast cancer detection .
[73]
Du et al
demonstrated that miR-93 functioned as a
potent suppressor of DAB2, which was identified as a
tumor suppressor gene in multiple cancer types, and
miR-93 overexpression correlated with poor survival
of patients with lung cancer, indicating the vital role of
miR-93 in cancer development and progression and in
GC diagnosis.

that miR-421 might act an onco-miRNA in GC. Wu
[75]
et al
also validated the high diagnostic efficiency
of serum miR-421 in a large sample set composed
of 90 GC patients and 90 controls with a maximal
sensitivity of 95.5%, maximal specificity of 89.1% and
maximal AUC of 0.821, which was superior to cancer
antigen 125 (CA125) and CEA for GC detection. The
expression level of miR-421 in GC tissues was upregulated, which was consistent with the circulating
levels. Furthermore, one of the targets of miR-421
[76]
was identified as caspase-3 , which is important for
apoptosis. In addition, miR421 was identified to play
a crucial role in the tumorigenesis and development
of many other cancer types, including breast cancer,
nasopharyngeal carcinoma, and SKX squamous cell
[76-80]
carcinoma
.
[81]

miR-378: Liu et al
used microarrays to obtain
serum genome-wide miRNA profiles and identified
serum miR-378 as a biomarker for the early detection
of GC. In their article, three miRNAs (miR-187, miR371-5p, and miR-378) were detected in all 30 samples
and exhibited significantly higher expression in GC
serum than in controls or in the colorectal cancer
group. Further, the authors performed qRT-PCR in
another independent set composed of 40 GC serum
samples and 41 healthy controls to verify the diagnostic
value of the three miRNAs in discriminating GC
patients from controls. Subsequently, ROC curve and
multivariate logistic regression analyses indicated that
miR-378 was a potential biomarker for GC detection
with a sensitivity of 87.5%, specificity of 70.73% and
AUC of 0.861, whereas serum miR-187 and miR-3715p could not improve GC diagnosis. Serum miR-378
expression levels did not differ significantly among the
different TNM stages. Meanwhile, the expression level
of miR-378 in GC tissues was down-regulated relative
to normal tissues, indicating that miR-378 might serve
as a tumor suppressor miRNA in GC. MAPK1 may be
the target of miR-378 to assist miR-378 in inhibiting
[82]
the progression of human GC cells . However,
miR-378 was overexpressed in ovarian cancer cells and
[83]
tumor specimens vs normal ovarian epithelial cells ,
indicating that the expression pattern of miR-378 was
dependent on the type of cancer. Moreover, miR-378
was identified as an ideal biomarker candidate for
breast cancer, renal cell carcinoma, non-small cell lung
[84-86]
cancer and colorectal cancer
.

[74]

miR-421: Zhou et al
reported that circulating
miR-421 in mononuclear cells (MNCs) could serve
as a distinctive biomarker for circulating tumor cells
(CTCs). In their study, the authors used reverse
transcription-polymerase chain reaction (RT-PCR) to
evaluate the diagnostic value of miR-421 in peripheral
blood for GC detection, and the sensitivity, specificity
and AUC of miR-421 were 94.12%, 62.50% and
0.773, respectively. In addition, the authors observed
that the miR-421 inhibitor repressed the proliferation
and viability of GC cells in vivo and in vitro, indicating
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[87]

miR-199a-3p: Li et al conducted a study to explore
the expression levels of tumor-associated miRNAs
in the plasma of patients with early GC. The authors
determined that the expression of miR-199a-3p in
the plasma of 30 early GC patients was significantly
higher relative to healthy controls and patients with
gastric precancerous diseases (GPDs). Meanwhile,
the expression level of plasma miR-199a-3p in the
postoperative patients was significantly reduced
compared with the preoperative patients. Moreover,
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the AUC of plasma miR-199a-3p for early GC diagnosis
was 0.818, which was significantly higher than that
of combined tumor markers such as CEA, CA125,
CA724, CA199, CA242 and CA50. The sensitivity,
specificity, and accuracy of plasma miR-199a-3p
for early GC diagnosis were 76%, 74%, and 75%,
[88]
respectively. Peng et al
suggested that miR-199a3p was down-regulated in gastric carcinoma tissues
and regulated human GC cell proliferation by targeting
[89]
the mTOR signaling pathway. However, Wang et al
demonstrated that miR-199a-3p was significantly
up-regulated in GC tissues and cell lines and that
its oncogenic activity in GC might involve the direct
targeting of ZHX1. The expression level of miR-199a3p in GC tissues is inconsistent, and the controversy
may be resolved by stricter and more reliable studies.

miR-103, miR-107, miR-194 and miR-210: Rotkrua
[101]
et al
established a mouse line to recapitulate human
diffuse-type GC (DGC) morphologically and molecularly
by E-cadherin/p53 double conditional knockout
(DCKO). Subsequently, the authors employed miRNA
microarrays to screen candidate miRNAs in individual
mouse samples at different ages. miR-103, miR-107,
miR-194, miR-210 and miR-291b-5p were identified as
DGC-related miRNAs. To evaluate the accuracy of the
microarray data, the authors measured the expression
levels of these five miRNAs in serum samples using
TaqMan qRT-PCR. miR-107, miR-103, miR-194 and
miR-210 exhibited significantly increased expression
levels in the sera of 6-12-mo-old DCKO mice (earlystage DGC) with histologically proven intramucosal
DGC compared with the control group, suggesting that
the four miRNAs had the potential to identify DGC at
an early stage. In 12-mo-old DCKO mice (advancedstage DGC), the expression levels of miR-107, miR-103
and miR-194 in the sera were significantly increased
compared with controls, whereas the expression level
of miR-210 was unchanged, indicating that miR-210
might be an inappropriate biomarker of advanced DGC.
To discriminate DGC cases from controls, miR-103
exhibited a sensitivity of 81.8%, specificity of 95.7%
and AUC of 0.881; miR-107 exhibited a sensitivity of
90.9%, specificity of 95.7% and AUC of 0.909; and
miR-194 exhibited a sensitivity of 90.9%, specificity
of 95.7% and AUC of 0.925. For differentiating early
early-stage DGC cases from controls, miR-210 exhibited
a sensitivity of 72.7%, specificity of 87.0% and AUC
of 0.846. The expression levels of miR-107, miR-103
and miR-210 in human GC tissues were inconsistent.
miR-107 expression was up-regulated in eight studies
[33,34,47,49,51,57,102-104]
and down-regulated in one study
,
miR-103 expression was up-regulated in seven studies
[33,34,47,49,57,102-104]
and down-regulated in one study
, and
miR-210 expression was up-regulated in one study
[30,33,47]
and down-regulated in two studies
. However,
these differences may be due to the different detection
methods and small patient samples. miR-194 was
significantly down-regulated in GC tissues, indicating
[105]
its tumor suppressor role in GC development
.
miR-103, miR-107, miR-194 and miR-210 were also
found to modulate the proliferation, migration or
[106-109]
multidrug resistance of GC cells
. Moreover, these
four miRNAs were identified to play crucial roles in the
oncogenesis of many other malignant tumor types,
such as cervical cancer, colorectal cancer, pancreatic
cancer, non-small cell lung carcinoma and endometrial
[69,109-113]
cancer
.

[90]

miR-106a and miR-17: Zhou et al
performed
a study to identify circulating miRNAs to detect
circulating tumor cells in peripheral blood for GC
diagnosis. The authors observed that the expression
levels of miR-106a and miR-17 in the circulation
were higher in GC patients compared with controls.
Ninety GC patients and 27 controls were recruited to
evaluate the diagnostic value of miR-106a and miR-17
in peripheral blood, and the result revealed that the
AUC, sensitivity and specificity of miR-106a were
0.684, 48.15% and 90.24%, respectively, whereas
the AUC, sensitivity and specificity of miR-17 were
0.743, 51.85% and 92.68%, respectively. Additionally,
the AUC, sensitivity and specificity of the combination
of miR-106a and miR-17 were 0.741, 62.96%,
[91]
80.49%, respectively. Zeng et al
suggested that
the expression level of serum miR-17 was significantly
reduced in both GC and benign gastric disease patients
compared with healthy controls. The AUC for serum
miR-17 to discriminate GC patients from controls was
0.879, with a sensitivity of 90.6% and specificity of
57.5%. To discriminate benign gastric disease patients
from controls, the AUC, sensitivity and specificity
of serum miR-17 were 0.725, 62.9% and 81.2%,
respectively. In GC tissues, miR-17 was overexpressed
to function as an onco-miRNA to promote cell
proliferation, and UBE2C and FBXO31 were identified
[92,93]
as the targets of miR-17
. Concurrently, miR-106a
overexpression was observed in GC tissues, and miR106a might play an oncogenic role in GC by targeting
[94,95]
TIMP2 and FAS
. miR-106a in gastric juice was also
demonstrated to exhibit potential diagnostic value for
GC detection, with a sensitivity of 73.8%, specificity
[96]
of 89.3%, and AUC of 0.871 , which was consistent
with the diagnostic value of circulating levels. In
addition to GC, miR-106a and miR-17 were also found
to be widely used as promising diagnostic or prognostic
biomarkers for various types of cancer such as
hepatocellular carcinoma, non-small cell lung cancer,
prostate cancer, breast cancer and nasopharyngeal
[97-100]
carcinoma
.
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[114]

miR-18a: Tsujiura et al
assessed plasma miR-18
as a biomarker in patients with GC. The authors
determined that the expression level of miR-18 in
creased significantly in GC tissues compared with
normal gastric tissues. The diagnostic value of
circulating miR-18 in plasma was evaluated, and the
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[128-132]

results indicated that the AUC of miR-18 was 0.8059,
with a sensitivity of 0.846 and specificity of 0.692.
Concurrently, plasma miR-18 exhibited significantly
lower expression levels in postoperative patients
compared with preoperative patients, indicating that
circulating miR-18 in the plasma might function as
a biomarker for GC screening and tumor dynamic
[115]
monitoring. Su et al
also validated the diagnostic
value of plasma miR-18a for GC detection and reported
AUC, sensitivity and specificity values for discriminating
GC patients from healthy controls to be 0.907, 80.5%
and 84.6%, respectively. STAT3 was identified as the
target of miR-18a to promote its onco-miRNA activity
[116]
in GC
. In addition to GC, plasma/serum miR-18a
also exhibited potential as a next-generation biomarker
in the screening of other types of cancer, such as
pancreatic cancer (AUC = 0.936), esophageal cancer
(AUC = 0.944), hepatocellular cancer (AUC = 0.881)
and colorectal cancer with a clinically satisfactory
[117]
degree of specificity and sensitivity .

adenocarcinoma

[133]

miR-21 and miR-106b: Shiotani et al
investigated
the expression levels of serum miRNAs in high-risk
GC patients before and after H. pylori eradication. The
study recruited 87 early-stage, non-cardia, intestinaltype GC patients without lymph node metastasis and
114 sex- and age-matched healthy controls. Serum
miR-106b was significantly up-regulated in the GC
group before and after H. pylori eradication compared
with healthy controls, whereas serum miR-21 also
manifested higher expression levels in the GC group
relative to healthy controls immediately after H. pylori
eradication. ROC analyses revealed that the AUC,
sensitivity and specificity values of miR-106b for early
GC screening were 0.61, 55.6% and 70.3% before H.
pylori eradication, respectively. For early GC screening
after H. pylori eradication, the AUC values of miR-106b
and miR-21 were 0.70 and 0.72; the sensitivity values
of miR-106b, miR-21 and the combination of miR106b and miR-21 were 75.8%, 58.6% and 69.0%;
and the specificity values of miR-106b, miR-21 and the
combination of miR-106b and miR-21 were 51.4%,
51.4% and 69.4%, respectively, superior to serum
[91]
pepsinogen Ⅰ and Ⅱ. Zeng et al also suggested that
serum miR-106b yielded an AUC of 0.856, sensitivity
of 75.0% and specificity of 92.5% for discriminating
GC patients from healthy controls; an AUC of 0.700,
sensitivity of 87.2% and specificity of 45.0% for
discriminating GC patients from benign gastric disease
patients; and an AUC of 0.739, sensitivity of 75.0%
and specificity of 68.7% for discriminating benign
gastric disease patients from healthy controls. In
addition, the expression level of the miR-106b~25
cluster (miR-106b, miR-93 and miR-25) in the plasma
was suggestive of significant correlation with TNM
[134]
stage, tumor size and Bormann type of GC . Recent
observations also demonstrated that miR-106b is upregulated in GC tissues to function as an oncogene by
[135-137]
targeting PTEN, p21, E2F5 and p57
.

[118]

miR-223 and miR-21: Li et al
reported that
the expression levels of miR-223 and miR-21 in the
plasma were significantly higher in GC patients than
in healthy controls, whereas miR-218 was significantly
lower. The study they conducted comprised of 60
GC patients and 60 healthy controls in the validation
stage. The combination of miR-223, miR-21 and
miR-218 yielded an AUC of 0.9531 with a sensitivity
of 84.29% and specificity of 92.86% in differentiating
GC patients from healthy controls. The use of a single
miRNA in the plasma as biomarker for GC detection
produced sensitivity values of 84.29% and 74.29%;
specificity values of 88.57% and 75.71%; and AUC
values of 0.9089 and 0.7944 for miR-223 and miR-21,
respectively. In addition to this, the expression
level of miR-223 in the plasma was associated with
Helicobacter pylori (H. pylori) infection status. miR-21
overexpression in the circulation also correlates with
lymph node metastasis, tumor size and TNM stage in
[119,120]
GC patients
. A meta-analysis suggested that the
AUC of plasma miR-21 as a biomarker for GC diagnosis
was 0.80, with a pooled sensitivity of 66.5% and
[121]
pooled specificity of 83.1%
. Concurrently, miR-21
in gastric juice exhibited high diagnostic values for
GC detection, with a sensitivity of 85.7%, specificity
[96]
of 97.8%, and AUC of 0.969 , consistent with those
in the circulation. The expression levels of miR-223
and miR-21 in GC tissues were elevated, consistent
[46,122,123]
with their expression levels in the circulation
.
miR-223 functions as an oncogene in GC by targeting
[46,47,124]
FBXW7/hCdc4, EPB41L3 and Stathmin1
, and
miR-21 promotes tumor proliferation and invasion or
confers cisplatin resistance in GC by targeting NF-kB
[125-127]
and PTEN
. In addition to GC, the two miRNAs
were found to participate in tumorigenesis and
enhance chemosensitivity in various other types of
cancer, including prostate cancer, esophageal cancer,
osteosarcoma, hepatocellular carcinoma and lung
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.

[138]

miR-221, miR-376c and miR-744: Song et al
conducted a multi-stage, nested case-control study
from two large cohorts to explore the potential
use of serum miRNAs in GC detection. The study
was composed of four stepwise phases, and 82 GC
patients, 46 dysplasia patients and 128 controls with
superficial gastritis or atrophic gastritis were recruited.
The results indicated that a combination of miR-221,
miR-376c and miR-744 was an efficient biomarker for
GC diagnosis with a sensitivity of 82.4% and specificity
of 58.8%. For early GC detection, the three-miRNA
panel exhibited an interesting diagnostic value with a
sensitivity of 73.3%. Concurrently, the three-miRNA
panel could also discriminate dysplasia from controls
with a sensitivity of 56.5% and specificity of 47.8%.
Furthermore, a significant positive correlation between
the expression levels of two serum miRNAs (miR-221,
miR-376c) and the poor differentiation of GC was
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observed. In GC tissues and cell lines, miR-221 is
up-regulated to function as an oncogene to promote
GC invasion and metastasis by targeting PTEN, and
its expression level is associated with the TNM stage
[139,140]
and venous invasion
. However, miR-376c and
miR-744 have not been well elucidated in GC. In
addition to GC, serum miR-376c exhibits potential in
the detection of breast cancer, and miR-221, miR-376c
and miR-744 play pivotal roles in the development of
[141]
multiple other types of cancer .

with DGAC from healthy controls. The AUC of serum
miR-375 was 0.835, with a sensitivity of 80% and
specificity of 85%. Previous studies of miR-375 in GC
had emphasized that miR-375 was frequently downregulated in GC tissues. JAK2, ERBB2, STAT3 and
p53 were identified as targets of miR-375, suggesting
[156-160]
its tumor suppressor role in GC
. In addition to
GC, miR-375 also exhibits a tumor suppressor miRNA
role in many other malignant tumors, and circulating
miR-375 is a potential diagnostic marker for other
[161]
malignant tumors such as hepatocellular carcinoma ,
[162]
[163]
prostate cancer , non-small-cell lung cancer
and
[164]
pancreatic cancer .

Main down-regulated circulating miRNAs used in GC
diagnosis
[142]

let-7a: Wang et al
demonstrated that let-7a
exhibited a lower expression level in the sera of GC
patients than in healthy individuals, corresponding with
lower let-7a expression levels in gastric adenocarcinoma
tissues relative to peritumoral tissues. The expression
levels of let-7a in serum samples and tumor tissues
were significantly correlated, indicating that let-7a could
be a diagnostic biomarker of GC. In that study, in vitro
experiments revealed that let-7a might function as a
tumor suppressor miRNA in GC by suppressing CCR7.
[143]
Tsujiura et al
found that the expression levels of
miR-17-5p, miR-106b, miR-106a and miR-21 were
significantly elevated in GC patients compared with
controls, whereas let-7a exhibited a lower plasma
concentration in GC patients compared with controls.
To evaluate the diagnostic value of these circulating
miRNAs for GC detection, large-scale validation including
69 GC patients and 30 controls was performed, and
the result indicated that the ratio of miR-106a/let-7a
exhibited a sensitivity of 85.5%, specificity of 80.0%
[102]
and maximum AUC of 0.879. Tchernitsa et al
used
miRNA microarrays and reported that let-7a was upregulated in GC compared with non-neoplastic tissue,
which was inconsistent with the research by Wang et
[142]
al
. However, the result of Oleg Tchernitsa’s study
revealed marginal significance with a P-value of 0.0474,
which should be validated in a larger scale study. In
addition to GC, let-7a also exhibits a potent role in
regulating cell proliferation or chemosensitivity in other
types of cancer such as hepatocellular carcinoma,
breast cancer, lung cancer, bladder cancer, colorectal
cancer, nasopharyngeal carcinoma, prostate cancer,
esophageal cancer, pancreatic cancer and ovarian
[144-154]
cancer
, indicating its extensive and universal
function in tumor development.

miR-218: The expression levels of miR-218 was
identified to be significantly lower in GC patients
[118]
than in healthy controls by Li et al
as well. As a
single biomarker in plasma for GC detection, miR-218
produced a sensitivity of 94.29%, specificity of 44.29%,
and AUC of 0.7432. In addition to this, miR-218 in
the sera of patients with GC was also up-regulated
after cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC), and its
expression level in the sera correlated with GC tumor
[165,166]
grade, stage and metastasis
, suggesting that
circulating miR-218 might exhibit a prognostic value
for GC patients. miR-218 expression in GC tissues was
reduced significantly, and miR-218 overexpression
notably inhibited GC cell proliferation, indicating
the tumor suppressor role of miR-218 in GC. NFkB, Robo1 and VOPP1 were identified as targets of
[122,167,168]
miR-218
. In addition to GC, miR-218 were
found to participate in tumorigenesis in various other
[131,169-171]
types of cancer
.

Other circulating miRNAs used in GC diagnosis
[172]

Cai et al
demonstrated that plasma miR-106b,
miR-20a and miR-221 might serve as potential noninvasive biomarkers for GC detection with AUCs of
[173]
0.7733, 0.8593 and 0.7960, respectively. Tsai et al
suggested that serum miR-196a is significantly downregulated in postoperative GC patients compared with
preoperative GC patients and that the expression level
of serum miR-196a is significantly increased when
patients experience recurrence, indicating that miR196a might serve as a promising biomarker for GC
detection and disease relapse. Plasma miR-192 and
miR-122 were also identified to exhibit potential in
distinguishing GC patients with distant metastasis
(GC/DM) from those with non-distant metastasis
(GC/NDM), and the results indicated that the AUCs for
discriminating GC/DM from GC/NDM were 0.732 for
miR-192 and 0.808 for miR-122 and that the AUCs to
discriminate GC patients from healthy controls were
[174]
0.818 for miR-192 and 0.815 for miR-122
. Gorur
[175]
et al
stated that plasma miR-195-5p was most
significantly down-regulated, with more than 13-fold
changes in the expression in GC patients compared
with control groups, suggesting its potential as a

[155]

miR-375: Zhang et al
conducted a study to
explore the miRNA profile of distal gastric adenocar
cinoma (DGAC) and identified miR-375 as significantly
down-regulated in DGAC tissue and GC cell lines
(MGC-803, BGC-823, and SGC-7901) relative
to normal gastric tissues and cell lines (GES-1).
Concurrently, in an independent set composed of 20
patients with preoperative DGAC and 20 age-matched
healthy individuals, serum miR-375 was identified
as a biomarker candidate for discriminating patients
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biomarker for GC detection. Moreover, the expression
levels of serum miR-146a, miR-21 and miR-148a were
associated with GC pN stage, and the combination
of these three miRNAs could represent a biomarker
candidate for differentiating LN metastasis of GC
patients from LN-negative GC patients with an AUC
[120]
[176]
of 0.764
. Wang et al
demonstrated that the
expression levels of plasma miR-17-5p and miR-20a
were significantly associated with the differentiation
status and TNM stage of GC and that the elevated miR17-5p/20a levels in plasma indicated poorer overall
survival of patients with GC.

advanced-stage DGCs, 6 early-stage DGCs and 18
[101]
healthy controls)
. Therefore, these results must
be validated in GC patients on a larger scale. As
presented in Table 2, miR-1, miR-17-5p, miR-16, miR18a, miR-20a, miR-21, miR-25, miR-27a, miR-34a,
miR-92a, miR-100, miR-103, miR-106a, miR-106b,
miR-107, miR-146a, miR-148a, miR-192, miR-194,
miR-196a, miR-199a-3p, miR-200c, miR-210,
miR-221, miR-223, miR-376c, miR-378, miR-423-5p,
miR-421, miR-451, miR-486-5p, miR-744 and miR-93
are up-regulated in the circulation of GC patients; on
the contrary, miR-195-5p, let-7a, miR-218, miR-375
and miR-122 are down-regulated in the circulation.
Among these miRNAs, miR-17-5p, miR-18a, miR-20a,
miR-21, miR-25, miR-27a, miR-92a, miR-100, miR106a, miR-106b, miR-192, miR-221, miR-223, miR423-5p, miR-421, and miR-93 are overexpressed in
GC tissues, and these data suggest that this group of
miRNAs represent onco-miRNAs in GC. In contrast,
the expression levels of miR-1, miR-146a, miR-148a,
miR-194, miR-200c, miR-218, miR-375 and miR-378
are down-regulated in GC tissues, indicating that these
miRNAs act as tumor suppressor miRNAs. miR-16,
miR-34a, miR-103, miR-107, miR-196a, miR-199a-3p,
miR-210, miR-451, miR-486-5p and let-7a manifest
inconsistent expression in GC tissues among different
research studies, which may be the result of different
inclusion or exclusion criteria of study subjects,
different accuracies of profiling platforms, different
protocols for specimen collection and processing,
previous cytotoxic treatments, underestimated hypoxia
and infection and tumor heterogeneity. However, the
reason for these differences should be elucidated
sufficiently in the future. In all the circulating miRNAs,
the expression levels of miR-1, miR-146a, miR-148a,
miR-194, miR-200c, miR-218, miR-375 and miR-378 in
GC tissues are inconsistent with their circulating levels,
suggesting that these miRNAs are actively secreted
into the circulation or by other mechanisms rather than
by being passively released. Although the function and
origin of circulating miRNAs in patients with GC have
not been systematically clarified, they have exhibited
superior diagnostic value as biomarkers for GC
detection compared with conventional tumor markers
such as CA199, CA125, CA724, CA242, CA50 and
CEA. To standardize the results of global investigations
of circulating miRNA biomarker studies, formal
recommendations for pre-analytic considerations have
[177]
been put forward . Circulating miRNAs have gained
in popularity as biomarker candidates for GC diagnosis
and screening.

Summary of circulating miRNAs used in GC diagnosis

The characteristics of circulating miRNAs in GC
detection are summarized in Table 1. The AUC,
sensitivity and specificity ranges were 0.684-0.9531,
48.15%-94.29%, and 44.29%-95.7%, respectively.
The combination of miR-223, miR-21 and miR-218
exhibited the highest diagnostic value for GC detection
in humans, regardless of tumor site, tumor stage and
pathological type, with an AUC of 0.9531, sensitivity
of 84.29% and specificity of 92.86%. Among these
circulating miRNAs, the combination of miR-16,
miR-25, miR-92a, miR-451 and miR-486-5p; miR-210;
the combination of miR-221, miR-376c and miR-744;
miR-199a-3p; and the combination of miR-21 and
miR-106b were observed to exert effective diagnostic
values for the detection of early GC with an AUC
range of 0.7-0.846, sensitivity range of 72%-75.8%
and specificity range of 51.4%-89.2%. Of all of these
combinations, the combination of miR-16, miR-25,
miR-92a, miR-451 and miR-486-5p is indicative of
the highest diagnostic value, with an AUC of 0.89,
sensitivity of 84.1% and specificity of 90.8%. For
non-cardiac early GC detection specifically, miRNA199a-3p demonstrates the highest AUC of 0.818,
with a sensitivity of 74% and specificity of 75%.
Improvement of the early diagnosis of GC is the best
way to improve the prognosis of patients with GC. For
non-cardiac GC diagnosis, the combination of miR-16,
miR-25, miR-92a, miR-451 and miR-486-5p produces
the highest AUC value of 0.89, with a sensitivity
of 84.1% and specificity of 90.8%. Concurrently,
miR-375 has been identified to have potential in
discriminating distal gastric adenocarcinoma (DGAC)
patients from healthy individuals, with an AUC of
0.835, sensitivity of 80% and specificity of 85%.
However, few studies have been conducted to examine
the diagnostic value of circulating miRNAs for cardiac
GC detection. miR-103, miR-107, miR-194 and
miR-210 are utilized for the detection of diffuse-type
GC (DGC), with a sensitivity range of 72.7%-90.9%,
specificity range of 87.0%-95.7% and AUC range
of 0.846-0.925. Of these miRNAs, miR-194 exhibits
the highest diagnostic value with an AUC of 0.925,
sensitivity of 90.9% and specificity of 95.7%; however,
these miRNAs were detected in mouse lines rather
than in humans, and the sample size was small (5
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Main up-regulated circulating lncRNAs used in GC
diagnosis
H19: Arita et al
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Table 1 Diagnostic efficiencies of circulating miRNAs in gastric cancer
Circulating miRNA

Species

Samples

miR-1, miR-20a, miR-27a,
miR-34a and miR-423-5p[28]

Human

Serum

miR-16, miR-25, miR-92a,
miR-451 and miR-486-5p[52]

Human

miR-223, miR-16 and
miR-100[45]

Human

miR-18a[114]

Human

80% of miR-1 + miR-20a 81% of miR-1 + miR-20a
+ miR-27a + miR-34a + + miR-27a + miR-34a +
miR-423-5p
miR-423-5p
Plasma
84.1% of miR-16 +
90.8% of miR-16 +
miR-25 + miR-92a +
miR-25 + miR-92a +
miR-451 + miR-486-5p miR-451 + miR-486-5p
Serum
81% of miR-223, 79%
78% of miR-223, 78%
of miR-16 and 71% of
of miR-16 and 58% of
miR-100
miR-100
Plasma
84.6%
69.2%

miR-18a[115]

Human

Plasma

80.5%

miR-106a and miR-17[90]

Human

Whole
blood

The ratio of miR-106a/let7a[90]
miR-103, miR-107, miR-194
and miR-210[101]

Human

Serum

62.96% of miR-106a +
miR-17, 48.15% of miR106a and 51.85% of
miR-17
85.5%

Mouse

Serum

miR-223, miR-21 and
miR-218[118]

Human

miR-21[121]

Human

81.8% of miR-103, 90.9%
of miR-107, 90.9% of
miR-194 and 72.7% of
miR-210 only for earlystage DGC
Plasma
84.29% of miR-223 +
miR-21 + miR-218,
84.29% of miR-223,
74.29% of miR-21 and
94.29% of miR-218
Plasma
66.5%

miR-21 and miR-106b[133]

Human

Serum

miR-17 and miR-106b[91]

Human

Serum

miR-106b, miR-20a and
miR-221[172]

Human

Plasma

69% of miR-21 + miR106b, 58.6% of miR-21
and 75.8% of miR-106b
83.3% of miR-17 + miR106b, 80.6% of miR-17
and 75.0% of miR-106b
Null

miR-122 and miR-192[174]

Human

Plasma

Null

miR-195-5p[175]

Human

Plasma

Null

miR-196a[173]

Human

Serum

Null

miRNA-199a-3p[87]

Human

Plasma

74%

miR-200c[42]

Human

Whole
blood

65.4%

WJG|www.wjgnet.com

Sensitivity

Specificity

AUC

Population

0.879 of miR-1 + miR-20a + 82 GC patients and 63
miR-27a + miR-34a + miRhealthy controls
423-5p
0.89 of miR-16 + miR-25 + 106 non-cardiac early
miR-92a + miR-451 + miR- GC patients and 160
486-5p
healthy controls
0.85 of miR-223, 0.9 of
50 GC patients and 47
miR-16 and 0.71 of miR-100
healthy controls

104 GC patients and 65
healthy controls
84.6%
0.907
82 GC patients and 65
healthy controls
80.49% of miR-106a +
0.741 of miR-106a +
90 GC patients and 27
miR-17, 90.24% of miR- miR-17, 0.684 of miR-106a
healthy controls
106a and 92.68% of
and 0.74 of miR-17
miR-17
80%
0.879
69 GC patients and 30
healthy controls
95.7% of miR-103, 95.7% 0.881 of miR-103, 0.909 of 5 advanced-stage DGC
of miR-107, 95.7% of
miR-107, 0.925 of miR-194 patients, 6 early-stage
miR-194 and 87.0% of and 0.846 of miR-210 only DGC patients and 18
miR-210 only for earlyfor early-stage DGC
healthy controls
stage DGC
92.86% of miR-223 + 0.9531 of miR-223 + miR-21 60 GC patients and 60
miR-21 + miR-218,
+ miR-218, 0.9089 of
healthy controls
88.57% of miR-223,
miR-223, 0.7944 of miR-21
75.71% of miR-21 and
and 0.7432 of miR-218
44.29% of miR-218
83.1%
0.80
251 GC patients and 184
controls
69.4% of miR-21 + miR- 0.72 of miR-21 and 0.7 of 87 non-cardiac early GC
106b, 86.1% of miR-21
miR-106b
patients and 114 healthy
and 51.4% of miR-106b
controls
87.5% of miR-17 + miR0.913 of miR-17 + miR40 GC patients, 32 BGD
106b, 87.5% of miR-17 106b, 0.879 of miR-17 and patients and 36 healthy
and 92.5% of miR-106b
0.856 of miR-106b
controls
Null
0.773 of miR-106b, 0.8593 60 GC patients and 60
of miR-20a and 0.7960 of
healthy controls
miR-221
Null
0.808 of miR-122 for
36 GC/DM patients, 36
discriminating GC/DM GC/NDM patients and
from GC/NDM and
36 healthy controls
0.815 of miR-122 for
discriminating GC/DM
patients from healthy
controls; 0.732 of miR-192
for discriminating GC/
DM from GC/NDM
and 0.818 of miR-192 for
discriminating GC/DM
patients from healthy
controls
Null
Null
20 GC patients and 190
healthy controls
Null
Null
20 Pre- and postoperative GC patients
75%
0.818
80 early GC patients,
20 patients with gastric
precancerous
diseases and 70 healthy
controls
100%
0.715
52 GC patients and 15
healthy controls
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miR-221, miR-376c and
miR-744[138]

Human

Serum

miR-375[155]

Human

Serum

miR-378[81]

Human

Serum

miR-421[74]

Human

miR-421[75]

Human

Whole
blood
Whole
blood

82.4% of miR-221 +
miR-376c + miR-744
73.3% of miR-221 +
miR-376c + miR-744 for
early GC detection
80%

58.8% of miR-221 +
miR-376c + miR-744

0.7 of miR-221, 0.74 of
miR-744 and 0.71 of miR376c

85%

0.835

87.5%

70.73%

0.861

94.12%

62.5%

0.773

95.5%

89.1%

0.821

38 advanced GC
patients, 30 early
GC patients, 46 DYS
patients and 128 healthy
controls
20 DGAC patients and
20 healthy controls
40 GC patients and 41
healthy controls
40 GC patients and 17
healthy controls
90 GC patients and 90
healthy controls

When a combination of circulating miRNAs is characterized, a (+) is included between the listed circulating miRNAs. AUC: Area under the curve; GC:
Gastric cancer; DGC: Diffuse-type gastric cancer; DYS: Dysplasia; BGD: Benign gastric disease; DGAC: Distal gastric adenocarcinoma; GC/DM: Gastric
cancer with distant metastasis; GC/NDM: Gastric cancer with no distant metastasis.

represents an important complementary biomarker
for GC detection. The expression level of plasma H19
was significantly higher in GC patients than in healthy
controls. When GC patients underwent surgery, the
expression level of plasma H19 decreased significantly,
indicating that plasma H19 was potentially able to
discriminate GC patients from healthy individuals, with
a sensitivity of 74%, specificity of 58% and AUC of 0.64.
[179]
H19 was reported to be up-regulated in GC tissues .
Recent studies have suggested that H19 targets
RUNX1 and ISM1 to promote GC cell proliferation,
[180,181]
migration and invasion
, indicating that H19
functions as an oncogene in GC. In addition to GC,
aberrant H19 was also found to play a crucial role in
the development of multiple other types of cancer such
as adrenocortical carcinoma, ovarian cancer, prostate
cancer, glioma breast cancer, renal cell carcinoma,
[182-186]
pancreatic cancer and bladder cancer
.

tissues and that low expression levels of FER1L4 are
associated with histological grade, tumor diameter,
TNM stage, lymphatic metastasis, perineural invasion,
venous invasion, and serum CA724. The authors
further examined the expression level of plasma
FER1L4 and observed no differences in the levels
between preoperative GC patients and healthy
individuals; however, a sharp decline in expression
levels was observed in GC patients two weeks after
surgery, suggesting that FER1L4 might serve as a
potential biomarker for clinical prognosis evaluation
[191]
of patients with GC. Song et al
were the first to
report that FER1L4 is down-regulated in GC tissues
relative to normal gastric specimens. Subsequently,
[192]
Xia et al
suggested that FER1L4 is involved in a
cancer-associated ceRNA network containing eight
lncRNAs (FER1L4, GACAT1, GACAT3, AC009499.1,
H19, LINC00152, RP4-620F22and 3AP000288.2.) and
nine miRNAs (miR-106a-5p, miR-106b-5p, miR-1395p, miR-18a-5p, miR-18b-5p, miR-19a-3p, miR-1955p miR-20b-5p and miR-31-5p) to modulate tumor
development and invasion in GC, thereby suggesting
that FER1L4 functions as a tumor suppressor lncRNA in
GC. However, the mechanism and function of FER1L4
should be further explored.

LINC00152: Several novel studies have demon
strated that long intergenic non-protein-coding RNA
[187,188]
152 (LINC00152) is overexpressed in GC tissues
.
[189]
Li et al
analyzed the level of circulating LINC00152
in plasma samples from 79 GC patients and 81 healthy
volunteers by qRT-PCR. Their results suggested that
plasma LINC00152 had significantly higher expres
sion levels in GC patients compared with healthy
individuals and had potential as a promising noninvasive biomarker for GC screening, with an AUC of
0.657, sensitivity of 48.1% and specificity of 85.2%.
Gastric juice can also be a source of biomarkers for
[187]
GC detection; Pang et al
found that LINC00152
levels were significantly increased in gastric juice from
patients with GC compared with healthy controls.
Accordingly, we speculate that LINC00152 may
function as an oncogene to promote tumorigenesis in
GC. However, the function of LINC00152 in GC should
be investigated further.

[193]

CUDR, LSINCT-5 and PTENP1: Dong et al
measured the expression levels of 39 candidate
cancer-associated circulating lncRNAs by RT-qPCR
in the sera of 110 patients with GC, 15 patients with
benign gastric ulcer and 106 healthy individuals. Their
results suggested that CUDR, LSINCT-5 and PTENP1 in
the sera were the most significantly down-regulated in
GC patients compared with the control group. During
the validation phase of this study, the combination of
CUDR, LSINCT-5 and PTENP1 provided the greatest
predictive ability to distinguish GC patients from
healthy controls, with an AUC of 0.92, sensitivity of
74.1% and specificity of 100%. For early GC detection,
the three-lncRNA panel indicated a strong diagnostic
value, with an AUC of 0.832, sensitivity of 77.8% and
specificity of 97.0%. In addition, the three serum
lncRNAs were also identified to be sufficiently sensitive

Main down-regulated circulating lncRNAs used in GC
diagnosis
[190]

FERL4: Liu et al
demonstrated that FER1L4, a
newly identified lncRNA, is down-regulated in GC
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Table 2 Expression levels of circulating miRNAs in gastric cancer tissues and their targeted genes
Circulating Expression in
miRNA
the circulation
miR-1
miR-17-5p
miR-16

miR-17

Expression in
tissue

Up-regulation

Downregulation
Up-regulation Up-regulation
Up-regulation Inconsistent
direction of
expression

Validated target genes
MET, Coronin1C, API-5, Slug, PIK3CA, NRF2, CCND2, CXCR4, SDF-1α, TAGLN2
YES1, STAT3, SMAD7, SOCS6, Beclin1, P21, P130, PCAF, TP53INP1, VDUP1, HBP1, AIB1,
ABCF2, ABHD10, ACP2, ACTR1A, ACVR2A, ADSS, ALG3, ANAPC16, ARHGDIA, ARL2, ASXL2, ATG9A,
AURKB, BCL2, BMI1, BRCA1, C14orf109, C17orf80, C2orf43, C2orf74, C4orf27, C9orf114, C9orf167, C9orf89,
CA12, CACNA2D1, CADM1, CAPRIN1, CARD8, CCDC109A, CCDC111, CCDC76, CCND1, CCND3, CCNE1,
CCNT2, CDC14B, CDK5RAP1, CDK6, CENPJ, CEP63, CFL2, CHORDC1, CHUK, CREBL2, CRHBP, CSHL1,
DNAJB4, ECHDC1, EGFR, EIF4E, EPT1, FAM122C, FAM69A, FGF2, FNDC3B, GALNT7, GFM1, GFPT1,
GNL3L, GOLGA5, GOLPH3L, GPAM, GSTM4, GTF2H1, H3F3B, HACE1, HARS, HARS2, HBXIP, HDHD2
HERC6, HMGA1, HMOX1, HRSP12, HSDL2, HSP90B1, HSPA1A, IFRD1, IFRD2, IGF2R, IPO4, ITGA2, JUN,
KCNN4, KPNA3, LAMC1, LAMTOR2, LAMTOR3, LUZP1, LYPLA2, MCL1, MLLT11, MMS19, MRPL20,
MSH2, MYB, NAA15, NAA25, NAPG, NIPAL2, NOB1, NOTCH2, NPR3, NT5DC1, OMA1, OSGEPL1,
PAFAH1B2, PANX1, PDCD4, PDCD6IP, PHKB, PHLDB2, PISD, PLK1, PMS1, PNN, PNPLA6, PPIF, PPM1D,
PPP2R5C, PRIM1, PSAT1, PTCD3, PTGS2, PURA, PWWP2A, RAB21, RAB30, RAB9B, RAD51C, RARS, RFT1,
RHOT1, RNASEL, RTN4, SEC24A, SERPINE2, SHOC2, SKAP2, SLC12A2, SLC16A3, SLC25A22, SLC35A1,
SLC35B3, SLC38A1, SLC38A5, SLC7A1, SPTLC1, SQSTM1, SRPR, SRPRB, TIA1, TMEM109, TMEM43,
TNFSF9, TOMM34, TP53, TPI1, TPM3, TPPP3, TXN2, UBE2S, UBE2V1, UBE4A, UGDH, UGP2, UTP15,
VEGFA, VPS45, VTI1B, WIPF1, WNT3A, WT1, YIF1B, ZNF384, ZNF559, ZNF622, NFKB1, ZYX
APP, BCL2, BCL2L11, BMPR2, CCL1, CCND1, CCND2, CDKN1A, DNAJC27, E2F1, E2F3, FBXO31, GPR137B,
ICAM1, JAK1, MAP3K12, MAPK9, MEF2D, MUC17, MYC, NCOA3, NPAT, OBFC2A, PKD2, PTEN, PTPRO,
RB1, RBL1, RBL2, RUNX1, SELE, SMAD4, TGFBR2, THBS1, TNFSF12, VEGFA, WEE1, YES1, ZNFX1, PTEN
CCNL1, CSRNP3, CTGF, ESR1, HSF2, NCOA3, NR3C1, PTEN, SMAD4, SPPL3, TGFBR2, THRA, TNFSF11,
TSC22D3, ATM
APP, BCL2, BMPR2, BNIP2, CCND1, CCND2, CDKN1A, E2F1, E2F3, HIF1A, MAP3K12, MAPK9, MEF2D,
MUC17, MYC, NRAS, PTEN, RB1, RBL1, RBL2, RUNX1, SMAD4, TGFBR2, THBS1, VEGFA, WEE1, EGLN3,
IRF2, KIT
ANKRD46, APAF1, BASP1, BCL2, BMPR2, BTG2, CCR1, CDC25A, CDK2AP1, DAXX, DERL1, E2F1, E2F2,
EGFR, EIF2S1, EIF4A2, ERBB2, FMOD, HNRNPK, ICAM1, IL1BISCU, JAG1, JMY, LRRFIP1, MARCKS,
MEF2C, MSH2, MSH6, MTAP, MYC, NCAPG, NCOA3, NFIB, PCBP1, PDCD4, PDHA2, PLAT, PLOD3, PPIF,
PTEN, PTX3, RASA1, RASGRP1, RECK, REST, RHOB, RPS7, RTN4, SERPINB5, SOX5, SPATS2L, SPRY2,
TGFBI, TGFBR2, TGFBR3, TGIF1, TIAM1, TIMP3, TM9SF3, TNFAIP3, TOPORS, TP53BP2, TP63, TPM1,
WFS1, WIBG, ANP32A, CCL20, DOCK4, DOCK5, DOCK7, DUSP10, NFKB1, PIAS3, PPARA, SMARCA4, SP1,
DAPK1, EZH2, MAP2K3, MAPK8, PLXNB1, POU4F2, PTEN, SRGAP1, ING4, XBP1, ACVR2B, WNK1
BCL2L11, CDKN1C, KAT2B, KLF4, PRMT5, TP53, CCL26, CDH1, WDR4
FOXO1, HIPK2, MYT1, PHB, SP1, SP3, SP4, SPRY2, THRB, ZBTB10, APC, FBXW7, IGF1, MMP13, PAX3,
WEE1
AXIN2, BCL2, BIRC3, CCND1, CCND3, CCNE2, CD44, CDC25A, CDC25C, CDK4, CDK6, CEBPB, DLL1,
E2F1, E2F3, E2F5, EMP1, FOXP1, GRM7, HMGA2, HNF4A, IFNB1, JAG1, MAGEA12, MAGEA2, MAGEA3,
MAGEA6, MAP2K1, MAP3K9, MDM4, MET, MYB, MYC, MYCN, NOTCH1, NOTCH2, PEA15, SIRT1,
SPI1, TNFRSF6B, VAMP2, VEGFA, WNT1, YY1, ZAP70, EPHA5, FOSL1, IMPA1, IMPDH2, MET, NANOG,
PDGFRA, SOX2, STX1A, SYT1, ULBP2
ARID4B, BMPR2, CPEB2, ESR2, HIPK3, ITGA5, KAT2B, MYLIP, SMAD4, TGFBR2, THBS1, TP63, BCL2L11,
CDH1, KLF2
ATM, EGR2, FGFR3, ID1, MMP13, PLK1, IGF1R
CCNE1, CDK2, CREB1, DICER1, GPD1, CAV1

miR-18a

Inconsistent Up-regulation
direction of
expression
Up-regulation Up-regulation

miR-20a

Up-regulation Up-regulation

miR-21

Up-regulation Up-regulation

miR-25
miR-27a

Up-regulation Up-regulation
Up-regulation Up-regulation

miR-34a

Up-regulation

miR-92a

Up-regulation Up-regulation

miR-100
miR-103

Up-regulation Up-regulation
Up-regulation Inconsistent
direction of
expression
Up-regulation Up-regulation APP, ARID4B, CDKN1A, E2F1, HIPK3, IL10, MYLIP, RB1, RUNX1, VEGFA, FAS
Up-regulation Up-regulation APP, CCND1, CCND2, CDKN1A, E2F1, E2F3, ITCH, KAT2B, MAPK9, PTEN, RB1, RBL1, RBL2, TCEAL1,
VEGFA, WEE1, EOMES
Up-regulation Inconsistent ARNT, BACE1, CCNE1, CDCA4, CDK6, CRKL, DICER1, FBXW7, GRN, HIF1A, MYB, NFIA, PLAG1, RAB1B,
direction of VEGFA
expression
Up-regulation
DownBRCA1, BRCA2, CCNA2, CD40LG, CDKN1A, CDKN3, CFH, CXCR4, ERBB4, FADD, FAF1, FAS, IL8, IRAK1,
regulation IRAK2, KIF22, MTA2, NFKB1, PA2G4, ROCK1, TLR2, TRAF6, EGFR, SMAD4, TLR4
Up-regulation
DownCCKBR, DNMT1, DNMT3B, HLA-G, NR1I2, RPS6KA5, TGIF2
regulation
Up-regulation Up-regulation ABCA8, ABCC3, ABCG2, AKAP9, ALCAM, ATP10D, ATXN7, B3GALNT1, BARD1, BCL2, BRD3, C1D,
CADM1, CD164, CDC7, CDKN1B, CLIC1, CUL3, CUL5, DDOST, DDX3X, DLG5, DTL, E2F5, EGR1, ENOSF1,
ENTPD3, ERCC3, ERLIN2, GOLGA6A, GRIA1, HOXA10, HRH1, HSP90B1, KIDINS220, KIF20B, LMNB2,
LOXL2, MAD2L1, MAP3K1, MCM10, MFSD10, MIS12, MSN, ODC1, PANX1, PDE2A, PERP, PIK3R4, PIM1,
PRPF38A, PTP4A3, RAB2A, RABGAP1, RACGAP1, RANBP3, RBL2, RRM1, SEMA4D, SEPT10, SETD4,
SMARCB1, SPARC, STX7, TFG, TRAPPC2P1, WDR44, WNK1, XPA, ACVR2B, ERCC4, RB1
Up-regulation
DownCDH2, DNMT3A, EP300, HBEGF, IGF1R, ITGA9, PTPN12, PTPN13, RAC1, SOCS2, ACVR2B, SOX5
regulation

miR-106a
miR-106b
miR-107

miR-146a
miR-148a
miR-192

miR-194

Inconsistent
direction of
expression
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miR-196a

Up-regulation

miR-199a3p

Up-regulation

miR-200c

Up-regulation

miR-210

Up-regulation

miR-221

Up-regulation

miR-223
miR-376c
miR-378

Up-regulation
Up-regulation
Up-regulation

miR-4235p
miR-421
miR-451

Up-regulation

miR-4865p
miR-744
miR-93
miR-1955p
Let-7a

miR-218
miR-375
miR-122

Inconsistent
direction of
expression
Inconsistent
direction of
expression
Downregulation

Annexin A1, HOXB7, HOXB8, NME4, p-JNK, TIMP1, MMP1/9, NFKBIA, IκBα, FOXO1, p27Kip1, NTN4,
HOXA5, NOBOX, HOXA9, HOX-C8, HOX-B7, BMP4
mTOR, MET, AXL, ZHX1, COX2, NLK, Aurora kinase A, c-Met, LKB1, Caveolin-2, STAT3, CD44, ZNF217, ZEB1

ADAM12-L, CYP1B1, Zeb2, Snail1, BMI-1, E2F3, HO-1, ZEB1, ZEB2, UBQLN1, USP25, HMGB1, PTEN, KRAS,
VEGFR2, MUC4, MUC16, ERG, DLC1, ATRX, HFE, TUBB3, TRKB, ETS1, FLT1, FHOD1, PPM1F, BRD7,
PPP2R1B
Inconsistent ABCB9, ACVR1B, AIFM3, APC, ATP11C, BDNF, CASP8AP2, CBX1, CDK10, CHD9, CLASP2, CPEB2, DDAH1,
direction of E2F3, EFNA3, ELK3, FAM116A, FGFRL1, GPD1L, HECTD1, HOXA1, HOXA3, HOXA9, ISCU, KIAA1161,
expression MDGA1, MIB1, MID1IP1, MNT, MRE11A, NCAM1, NIPBL, NPTX1, P4HB, PIM1, PTAR1, PTPN1, RAD52,
SEH1L, SERTAD2, SMCHD1, TNPO1, TP53I11, UBQLN1, XIST, XPA
Up-regulation BBC3, BMF, BNIP3, CDKN1B, CDKN1C, CORO1A, DDIT4, ESR1, FOS, FOXO3, HOXB5, ICAM1, KIT, NAIP,
PTEN, SELE, SSSCA1, TCEAL1, TICAM1, TNFSF10, TP53, DICER1, DIRAS3, ETS1, TIMP3
Up-regulation CHUK, E2F1, LMO2, MEF2C, NFIA, NFIX, RHOB, STMN1, EPB41L3, FBXW7, IGF1R, SLC2A4
Null
SMAD4, PC-TP, GRB2, TGFα, ALK5, ALK7, IGF-1R, ALK7
DownGALNT7, MYC, NPNT, TOB2, VEGFA
regulation
Up-regulation TFF1

Up-regulation Up-regulation Caspase-3, Menin, ATM, FOXO4, SERPINE 1, FXR, DPC4/Smad4
Up-regulation Inconsistent ABCB1, AKT1, BCL2, CAB39, MIF, MMP2, MMP9, SSSCA1, MYC, RAB14
direction of
expression
Up-regulation Inconsistent CD40, Pim-1, ARHGAP5
direction of
expression
Up-regulation
Null
Zbed4, Lrsam1, Ddx21, AW555464, c-Myc, eEF1A2, TGF-β1, Ccnb1
Up-regulation Up-regulation CDKN1A, E2F1, ITGB8, KAT2B, MAPK9, TP53INP1, TUSC2, VEGFA, PTEN
DownNull
CDK4, CDK6, CCNE1, GLUT3
regulation
DownInconsistent AMMECR1, APP, BCL2, CASP3, CASP8, CASP9, CCND2, DICER1, E2F1, E2F2, EGR3, EIF2C4, FOXA1,
regulation
direction of HMGA1, HMGA2, HNRPDL, HRAS, IGF2, IL6, ITGB3, KRAS, LIN28A, MEIS1, MYC, NEFM, NF2, NFKB1,
expression NKIRAS2, NR1I2, NRAS, PRDM1, RAVER2, SLC20A1, THBS1, TRIM71, TUSC2, UHRF2, VDR, ZFP36L1,
CDC34, EWSR1, IGF2BP1, MPL
DownDownACTN1, BIRC6, CDKN1B, EBP, EFNA1, IKBKB, LAMB3, LASP1, MAFG, MBNL2, MRPS27, NACC1, NFE2L1,
regulation
regulation NUP93, SP1, STAM2, VOPP1, BIRC5, GJA1, RICTOR, ROBO1
DownDownELAVL4, JAK2, MTDH, PDK1, PLAG1, RASD1, TIMM8A, YAP1, YY1AP1
regulation
regulation
DownNull
DLX4, Cyclin G1, MEF2D, TRAIL, PKM2, Wnt/β-catenin, AKT3, PI3K/Akt, c-Myc, CAT1, PBF, IGF1R, p53,
regulation
ALDOA, ARHGAP1, BCAT2, CS, GNPDA2, IQGAP1, LAMC1, LMNB2, MTHFD2

and specific to distinguish benign peptic ulcers from
GC patients, with an AUC of 0.902, sensitivity of
91.7% and specificity of 83.3%, indicating that the
three-lncRNA serum signature might represent a novel
biomarker candidate for GC detection. Concurrently,
this study reported that a lower expression level of
the three-lncRNA panel predicted higher survival rates
in patients with GC, implying that these three serum
lncRNAs can predict the prognosis of GC patients.
However, CUDR, also termed UCA1, was observed
to be overexpressed in GC tissues and gastric juice,
indicating its potential as an onco-lncRNA and as
[194,195]
a diagnostic biomarker in GC
. LSINCT-5 has
also been reported to be up-regulated in GC tissues
and to exhibit oncogenic activity to promote cellular
proliferation. Concurrently, LSINCT-5 overexpression
[196]
predicts the negative prognosis of GC patients
.
The expression levels of CUDR and LSINCT-5 in GC
tissues are inconsistent with their circulating levels,
which should be validated by more reliable studies in
the future. PTENP1 has not been well characterized
in GC; however, previous studies have emphasized
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PTENP1 down-regulation in hepatocellular carcinoma,
endometrial cancer and clear cell renal cell carcinoma,
suggesting that it serves as a tumor suppressor to
[197-199]
inhibit tumorigenesis
. Nonetheless, little is
known regarding the functions and mechanisms of
CUDR, LSINCT-5 and PTENP1 in GC; these lncRNAs
should be thoroughly examined in future studies.

Summary of circulating lncRNAs used in GC diagnosis

In addition to miRNAs, human blood may contain
abundant lncRNAs, which can be detected by RNAseq deep-sequencing technologies or microarrays
and validated by RT-PCR, implying the potential
application of circulating lncRNAs in GC detection; the
AUC, sensitivity and specificity ranges were 0.64-0.92,
48.1%-77.8%, and 58%-100%, respectively (Table
3). The combination of CUDR, LSINCT-5 and PTENP1
provides the strongest diagnostic value of GC detection
among all of the circulating lncRNAs, with an AUC of
0.92, sensitivity of 74.1% and specificity of 100%. For
early-stage GC detection, the combination of CUDR,
LSINCT-5 and PTENP1 reveals an AUC of 0.832 with
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Table 3 Diagnostic efficiencies of circulating lncRNAs in gastric cancer
Circulating lncRNA

Species

Samples

Sensitivity

Specificity

AUC

FER1L4[190]

Human

Plasma

67.2%

80.3%

0.778

H19[178]

Human

Plasma

74%

CUDR, LSINCT-5
and PTENP1[193]

Human

Serum

LINC00152[189]

Human

Plasma

74.1% of CUDR +
LSINCT-5 + PTENP1 for
GC detection,
77.8% of CUDR +
LSINCT-5 + PTENP1 for
early GC detection
48.1%

Population

83 GCs (Pre- and postoperative patients)
58%
0.64
43 GCs and 34 healthy
controls
100% of CUDR + LSINCT-5
0.92 of CUDR +
9 early-stage GCs, 64
+ PTENP1 for GC detection, LSINCT-5 + PTENP1
advanced-stage GCs, 15
97.0% of CUDR + LSINCT-5 for GC detection, 0.832 benign Peptic ulcer patients
+ PTENP1 for early GC
of CUDR + LSINCT-5
and 86 healthy controls
detection
+ PTENP1 for early GC
detection
85.2%
0.657
79 GCs and 81 healthy
controls

When a combination of circulating lncRNAs is characterized, a (+) is included between the listed circulating lncRNAs. AUC: Area under the curve; GC:
Gastric cancer.

Table 4 Expression levels of circulating lncRNAs in gastric cancer tissues and their target miRNAs
Circulating
miRNA

Expression in the
circulation

Expression in
tissue

Validated targeted miRNAs

Putative targeted miRNAs in GC

H19

Up-regulation

Up-regulation

LINC00152

Up-regulation

Up-regulation

miR-675, let-7 and miR-200
family
miR-130b-3p, miR-217

FER1L4

Down-regulation

Down-regulation

Null

LSINCT-5
CUDR (UCA1)
PTENP1

Down-regulation
Down-regulation
Down-regulation

Up-regulation
Up-regulation
Null

Null
miR-216b, miR-1, miR-143
miR-17, miR-19b, miR-20a,
miR21 and miR-26a

miR-17-5p, miR-18a-5p, miR-18b-5p, miR-19a-3p, miR-20a-5p,
miR-20b-5p, miR-106a-5p, miR-106b-5,
miR-18a-5p, miR-18b-5p, miR-31-5p, miR-139-5p, miR-195-5p,
miR-497-5p
miR-18a-5p, miR-18b-5p, miR-106a-5p, miR-133b, miR-139-5p,
miR-195-5p, miR-497-5p
Null
Null
Null

GC: Gastric cancer.

a sensitivity of 77.8% and specificity of 97%, but the
sample size is small (9 early-stage GC patients, 18
healthy subjects and 15 gastric peptic ulcer subjects),
and the result must be validated in GC patients on a
larger scale. However, few studies have focused on
the diagnosis of GC classified by different tumor sites,
different tumor stages or different pathological types
(e.g., early-stage or advanced-stage GC, cardiac or
non-cardiac GC, and intestinal-type, diffuse-type or
mixed-type GC). To promote the prognosis of GC,
studies of circulating lncRNAs for different subtypes of
GC, particularly for early-stage GC detection, should
be a focus of future research. Taken together, the
sensitivity and specificity of a single tumor-associated
circulating lncRNA as a biomarker remain poor;
however, a circulating lncRNA signature, especially
the combination of various circulating lncRNAs, can
promote the diagnostic efficiency of GC detection
considerably. Among these lncRNAs (Table 4), H19 and
LINC00152 are up-regulated in the circulation, while
FER1L4, LSINCT-5, PTENP1 and CUDR (UCA1) are
down-regulated. FER1L4 is also down-regulated in GC
tissues, indicating that it acts as a tumor suppressor
in GC. In contrast, H19, LINC00152, LSINCT-5 and
CUDR (UCA1) manifest up-regulated expression levels
in GC tissues, suggesting that the oncogene roles they
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play in GC. However, the expression levels of LSINCT-5
and CUDR (UCA1) in tissues are inconsistent with their
circulating levels, active secretion may underlie this
discrepancy, but the inconsistent direction of expression
should be validated in future studies. lncRNAs in gastric
juice also exhibit potential in the early diagnosis of
[200]
GC. Shao et al
suggested that lncRNA-AA174084
in gastric juice might serve as a promising biomarker
for GC detection, with an AUC of 0.848. The rapidly
expanding catalog of circulating lncRNAs strongly
supports their clinical utility in GC diagnosis.

MECHANISM OF miRNA AND lncRNA
SECRETION
Many studies have explored the mechanism underlying
the secretion of miRNAs and lncRNAs. Multiple
possibilities for miRNA secretion have been elucidated:
(1) Active secretion by microvesicles (MVs), exosomes
and apoptotic bodies. To be resistant to RNase activity,
miRNAs destined for release are ultimately present in a
stable, protected size that is much smaller than that of a
typical epithelial cell such as exosomes and membrane[25]
[201]
bound particles . Skog et al
demonstrated that
microvesicles are useful delivery vehicles for miRNA
secretion in glioblastoma. The authors isolated mic
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Sample preparation

RNA isolation

Blood draw time
Fasting vs non-fasting
Time of drawing

Trizonal
Initial fluid volume
RNA precipitation
Quality control

Duration time
Serum preparation
Plasma preparation

miRNA
miRVana, miRNeasy et al
Trizol-based reagents

Anticoagulant
EDTA
Critrate
Heparin

lncRNA
Trizol-based reagents

RNA quatification

Microarray or NGS

qRT-PCR
Internal controls
Biological reproducibility

Statistical analysis

Figure 3 Flow diagram and schematic summary of circulating miRNA and lncRNA analyses. miRNAs: MicroRNA; lncRNA: Long non-coding RNA; qRT-PCR:
Real-time quantitive polymerase chain reaction.
[206-209]

rovesicles from glioblastoma-conditioned medium,
performed microarrays and quantitative miRNA RTPCR to identify 11 miRNAs that were abundant in donor
cells and microvesicles to promote tumor growth and
invasion, suggesting an intriguing insight into miRNA
[202]
secretion. Kosaka et al
suggested that miRNAs
are secreted within CD63-positive exosomes via a
ceramide-dependent pathway but without ESCRT
machinery. Ceramide is a key molecule that triggers the
secretion of small membrane vesicles called exosomes,
and the biosynthesis of ceramide is modulated by
neutral sphingomyelinase 2 (nSMase2). The authors
stated that the expression of exogenous miR-146a was
attenuated by nSMase2 siRNA compared with control
but was not affected by siRNA targeting Alix, an ESCRTassociated protein. Another underlying mechanism of
miRNA secretion may be apoptotic bodies. Zernecke
[203]
et al
reported that miR-126 is enriched in apoptotic
bodies and that endothelial cell-derived apoptotic bodies
transmitted paracrine alarm signals to recipient vascular
cells to trigger CXCL12 generation, which is regulated
by miR-126; (2) miRNA secretion associated with other
[204]
molecules. Vickers et al
demonstrated that a novel
intercellular communication pathway is involved in
miRNA transportation and cellular communication by
high-density lipoproteins. miRNAs are also released
via protein complexes. Argonaute (Ago) complexes
that mediate mRNA silencing activity were identified
[24]
to serve as significant carriers of miRNAs in plasma .
Nucleophosmin 1 (NPM1), an RNA-binding protein, was
found to protect miRNAs from degradation and to play
a crucial role in packaging and exporting extracellular
[205]
miRNAs
; and (3) Passive leakage from cells due
to chronic inflammation, necrosis or injury. Previous
studies have suggested that the secretion of some
circulating miRNAs was due to tissue injury, such as
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myocardial injury, liver injury and kidney injury
.
The mechanism underlying lncRNA secretion
has not been systematically investigated. Circulating
lncRNAs may be secreted in the same manner as
extracellular miRNAs. In recent studies, circulating
lncRNAs have been detected in exosomes, where
[189,210]
they are protected from RNase
. Other types of
extracellular vesicles, including apoptotic bodies and
microvesicles, may also participate in the secretion
[189,211]
pathway
. Despite recent research exploring the
potential mechanism of miRNA and lncRNA secretion,
significant work remains to be performed. Circulating
miRNAs and lncRNAs might play general and pivotal
roles as signal-conducting molecules in multiple
physiological and pathological processes. Additional
studies will be needed to explore these exciting
mysteries and their mechanisms.

METHODOLOGIES FOR THE
IDENTIFICATION OF CIRCULATING
miRNAs AND lncRNAs IN GC
Increasing evidence suggests that cell-free circulating
miRNAs and lncRNAs could serve as diagnostic
and prognostic biomarkers for multiple types of
cancer. Reliable methodologies and strategies for the
quantification of circulating miRNAs and lncRNAs are
urgently needed for clinical utility or experimental
purposes (Figure 3). Different matrixes may exhibit
different expression profiles of these circulating
miRNAs and lncRNAs. Most studies use serum and
plasma samples, with few reports utilizing whole
blood or peripheral blood mononuclear cell samples.
Conclusive research has suggested that the levels
of miRNAs or lncRNAs detected in the serum are
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consistent with the levels in plasma in the same
pathology if cellular contaminants are avoided;
miRNAs and lncRNAs are both generally detected in
[26]
hemocytes such as thrombocytes and erythrocytes .
Consequently, because the blood cell fraction may
generate background noise, using serum or plasma
will decrease the background noise and promote
higher accuracy for circulating miRNAs and lncRNAs
[212]
detection over whole blood . Nonetheless, hemolysis
frequently occurs at low levels during the sampling
and processing of blood. To estimate the suitability
of serum/plasma samples for analysis, the extent of
hemolysis should be estimated by measuring the free
[213]
hemoglobin and endogenous RNAs .
miRNAs and lncRNAs can be extracted using
different approaches. Acid guanidinium thiocyanatephenol-chloroform (AGPC) extraction is used pri
marily for RNA isolation, followed by either columnbased RNA purification from the aqueous solution
or precipitation of the RNA-containing aqueous
solution. RNAs can be precipitated from aqueous
solutions by adding 2-isopropanol and then stored
overnight at -20 ℃ or -80 ℃ . Currently, standard
protocols, including commercial kits directing small
RNA enrichment or TRIzol-based reagents, have
[214]
garnered wide acceptance
. If we target miRNAs,
a miRVana extraction kit may improve the detection
precision. However, discrepancies may be observed
between different methods of extraction; most of the
variabilities discovered between replicates are due to
[213]
the different RNA extraction processes
. Therefore,
to reduce the heterogeneity of circulating miRNA and
lncRNA profiles, selective and consistent extraction
methods throughout an entire study are strongly
[215]
recommended .
Microarrays and next-generation sequencing
(NGS) are performed to obtain large-scale profiles
of circulating miRNAs and lncRNAs following the
extraction of miRNAs and lncRNAs. miRNA qPCR arrays
and lncRNA PCR arrays are also utilized to capture
miRNA and lncRNA profiles. Each method has its own
advantages and limitations. NGS can identify novel
miRNAs and lncRNAs but is less cost-effective and
[216]
less efficient compared with microarrays. Git et al
analyzed three biological samples across six miRNA
microarray platforms and compared their hybridization
performance. Only 53 miRNAs were consistent among
the 4 microarrays. The sensitivity and specificity of the
different platforms vary significantly. Different methods
for the detection of circulating lncRNAs and miRNAs
can lead to discrepancies in GC diagnoses. A large
sample size is recommended to improve the reliability
of the results.
After large-scale profiling of GC, the differential
circulating miRNAs and lncRNAs between patients
and healthy individuals must be validated in larger
[217]
cohorts
. The standard reference for miRNA and
lncRNA qualification is qRT-PCR. With low detection limits
and high sensitivity, this method is suitable for circulating
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miRNA and lncRNA identification. Endogenous controls
are important for qRT-PCR. U6, miR-93 and miR-16
are the most frequently used endogenous controls for
miRNA normalization in qRT-PCR for GC detection. Chen
[218]
et al
stated that the combination of let-7g, let-7d and
let-7i could function as a reference gene superior to U6
and miR-16 for the normalization of circulating miRNAs.
[219]
Kraus et al
investigated the expression stability of
90 lncRNAs in 30 tissue specimens, including anaplastic
astrocytoma, human diffuse astrocytoma, glioblastoma
and normal white matter. Their results indicated that
4 lncRNAs (BC200, Zfhx2as, H19 upstream conserved
1 and 2, and HOXA6as) were suitable for use as
normalizers of lncRNA expression profiling in glioma
and normal brain. Nonetheless, no current consensus
exists with respect to a reference for the normalization
of circulating lncRNAs. cDNA synthesis of miRNAs and
lncRNAs is crucial for qRT-PCR, and universal poly-A
tailing and stem-loop primer extension are two current
[220]
methods. Dunnett et al
suggested that poly-A tail
extension exhibited more amplification than stem-loop
primer extension and that using poly-A tail extension
might be best, particularly when low traces of sample
are available. Universal poly-A tail extension may
be an interesting method for miRNA identification in
[221]
bodily fluids. Chugh et al
suggested that sequencespecific stem-loop primer extension failed to generate
a signal (CT) for low-abundance miRNAs compared
with universal poly-A tailing assays; however, universal
poly-A tailing generated a quantitative signal with
significant non-specific amplification. cDNA synthesis
of lncRNA has not been extensively studied at present;
[222]
most researchers use commercial kits. Speth et al
suggested a simple and sensitive protocol that allows the
quantification of mRNAs, selected sRNAs, and lncRNAs
in one cDNA sample by qRT-PCR.

CONCLUSION
GC was the world’s third leading cause of cancer
mortality in 2012 and was responsible for 723000
[223]
deaths
. Delayed diagnosis is the largest obstacle
to the treatment of GC; thus, the effective means
to improve the prognosis of GC is to search for ideal
biomarkers for early GC detection. Many serum
markers, including CA199, CA125, CA724, CA242,
CA50, CEA, and pepsinogen, are widely utilized in
the clinic for GC detection. However, low sensitivity
or low specificity diminishes their clinical value for
GC diagnosis. A large number of non-protein-coding
transcripts were formerly regarded as “noise” or
“garbage” within the genome. With the progression of
high-throughput sequencing technologies (microarray
or RNA-seq), something important that had been
hidden in the diverse non-coding RNAs has attracted
the attention of many researchers and has driven them
to search for promising functions of non-coding RNAs in
[224]
the pathogenesis of diseases . More importantly, the
study of miRNAs and lncRNAs has gradually become
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prominent in RNA biology. Emerging evidence has
suggested that the dysregulated expression of miRNAs
and lncRNAs in cancer alters the spectrum of disease
progression and might serve as an independent
[14]
biomarker of multiple types of cancer . The detection
of circulating miRNAs and lncRNAs may be valuable
for improving the diagnostic and prognostic value of
GC. In this review, we have highlighted circulating
miRNAs and lncRNAs in GC detection and summarized
the potential mechanisms underlying extracellular
miRNA and lncRNA secretion. The use of miRNAs and
lncRNAs has several limitations such as the diverse
methodologies for miRNA and lncRNA detection and the
small cohort size for the validation steps in the present
studies. Nonetheless, circulating miRNAs and lncRNAs
exhibit higher diagnostic values relative to conventional
tumor markers such as CA199, CA125, CA724, CA242,
CA50, CEA, and pepsinogen. The combination of
biomarkers may improve the diagnostic accuracy, and
the combination of circulating miRNAs, lncRNAs and
other screening methods may be particularly useful in
cancer detection. Prospective studies should validate
the feasibility of using circulating miRNAs and lncRNAs
as diagnostic biomarkers for GC detection in different
populations. These circulating small nucleic acids
(miRNAs, lncRNAs and others) may have potential
in distinguishing patients with GC from healthy
individuals, with the advantages of practicability, noninvasiveness and cost-effectiveness.
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Abstract
AIM: To elucidate the effects of dexamethasone on
hypoxia-induced epithelial-to-mesenchymal transition
(EMT) in colon cancer.

Supported by A grant of the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute,
funded by the Ministry of Health & Welfare, Republic of Korea,
No. HI13C-1602-010014); and grants of the Gachon University
Gil Medical Center, No. 2013-01, 2014-11 and 2014-25.

METHODS: Human colon cancer HCT116 and HT29
cells were exposed to normoxic (21%) and hypoxic
(1%) conditions. First, the effect of dexamethasone
on cell viability was examined by MTT cell proliferation
assay. In order to measure the expression levels of EMT
markers (Snail, Slug, Twist, E-cadherin, and integrin
αVβ6) and hypoxia-related genes [Hypoxia-inducible
factor-1α (HIF-1α) and vascular endothelial growth
factor (VEGF)] by dexamethasone, quantitative real-time
polymerase chain reaction and western blot analysis
were performed. Furthermore, the morphological
changes of colon cancer cells and the expression
pattern of E-cadherin by dexamethasone were detected
through immunocytochemistry. Finally, the effects of
dexamethasone on the invasiveness and migration
of colon cancer cells were elucidated using matrigel
invasion, migration, and wound healing migration assays.
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RESULTS: Under hypoxia, dexamethasone treatment
inhibited HIF-1α protein level and its downstream gene,
VEGF mRNA level in the colon cancer cell lines, HCT116
and HT29. In addition, the presence of dexamethasone
down-regulated the mRNA levels of hypoxia-induced
Snail, Slug, and Twist, all transcriptional factors of
EMT, as well as hypoxia-induced integrin αVβ6 protein
level, a well-known EMT marker for colon cancer
cells. Furthermore, reduced E-cadherin in hypoxic
condition was found to be recoverable by treating with
dexamethasone in both colon cancer cell lines. Similarly,
under hypoxic conditions, dexamethasone restored
the growth pattern and morphological phenotype
reminiscent of colon cancer cells grown under normoxic
conditions; dexamethasone blocked the migration and
invasion of both colorectal cancer cell lines in hypoxia.

effective chemotherapeutic adjuvants is important to
decrease cancer recurrence and increase cure rates in
these patients.
Many human cancers contain hypoxic regions
resulting from the increased consumption of oxygen
by rapidly proliferating tumor cells, as well as the
structural and functional irregularities of intratumoral
[2]
blood vessels . Intratumoral hypoxia promotes the
accumulation of hypoxia-inducible factor-1α (HIF1α), which is immediately degraded by proteasomal
[2,3]
ubiquitination under normoxic conditions . HIF-1α is
[4-7]
a critical regulator of tumor invasion and metastasis .
For metastasis to occur, cancer cells must detach from
the primary tumor and then invade and migrate via
the connective tissues, blood, and lymphatic vessels.
The process by which epithelial cells lose their cell
polarity and cell-cell adhesions and thereby acquire
migratory and invasive properties of mesenchymal
cells is termed as epithelial-to-mesenchymal transition
[8,9]
(EMT) . The EMT is an important molecular step
in cancer progression that provides cancer cells
with a more aggressive phenotype. Notably, this
process is potentiated by hypoxia in the tumor
[7]
microenvironment .
The synthetic glucocorticoid dexamethasone (DEX)
is widely used in the treatment of many diseases,
particularly in hematologic malignancies where it has
[10,11]
shown to have cytotoxic effects
. While DEX lacks
this activity in solid tumors, patients are still treated
with corticosteroids to prevent complications often
associated with cancer therapy, including cancerrelated pain, lack of appetite, edema, and electrolyte
[12]
imbalance . Although DEX is commonly prescribed
as a co-medication in cancer treatment, its effects
on the metastatic capacity of colorectal cancer are
unknown. As such, this study aims to investigate the
influence of DEX treatment on hypoxia-dependent EMT
in colorectal cancer cell lines.

CONCLUSION: Our study suggested that dexa
methasone has inhibitory effects on cell migration and
invasion by suppressing EMT of colon cancer cell lines
in hypoxic condition.
Key words: Dexamethasone; Colon cancer; Hypoxia;
Hypoxia-inducible factor-1α; Epithelial-mesenchymal
transition
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In solid tumors, the heightened metabolism
of cancer cells often leads to areas of hypoxia that
can drive epithelial-mesenchymal transition (EMT).
Dexamethasone is often given to patients with colon
cancer to limit the negative side effects of chemotherapy.
Our study investigated the effects of dexamethasone on
hypoxia-induced EMT and found that it was sufficient
to block the propensity for cells to undergo EMT by
repressing the hypoxia-induced expression of Hypoxiainducible factor-1α, vascular endothelial growth factor
and other EMT markers. This evidence suggests that
dexamethasone co-treatment may limit the migratory
properties of colorectal cancer cells that subsist in the
hypoxic regions of colorectal cancers.

MATERIALS AND METHODS
Cell lines and cell culture conditions

Human colon cancer cell lines, HCT116 and HT29,
were purchased from the Korean Cell Line Bank
(Seoul, South Korea) and grown in McCoy’s (Gibco Cell
Culture, Carlsbad, CA, United States) supplemented
with 10% FBS (Gibco) and 1% penicillin-streptomycin
(Gibco). For hypoxic conditions, both cell lines were
maintained in a hypoxic incubator (New Brunswick
Scientific, Edison, NJ, United States) with a humidified
environment consisting of 1% O2, 5% CO2, and 94%
N2.

Kim JH, Hwang YJ, Han SH, Lee YE, Kim S, Kim YJ, Cho JH,
Kwon KA, Kim JH, Kim SH. Dexamethasone inhibits hypoxiainduced epithelial-mesenchymal transition in colon cancer. World
J Gastroenterol 2015; 21(34): 9887-9899 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/9887.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.9887

INTRODUCTION

Reagents

Among newly diagnosed cases of colorectal cancer
in the United States, approximately 20% are fully
metastatic and an additional 37% are lymph node[1]
positive at presentation . Thus, development of
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DEX and deferoxamine (DFO) were purchased from
Sigma-Aldrich (St. Louis, MO, United States) and
dissolved in ethanol and water, respectively.
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MTT cell proliferation assay

cells were then fixed in 3.7% paraformaldehyde at
room temperature for 15 min, washed with phosphatebuffered saline (PBS), and permeabilized in 0.5%
Triton X-100/PBS for 5 min. After blocking for 30 min
in 1% BSA in PBS-T (0.1% Triton X-100/PBS), cells
were incubated with E-cadherin antibody (1:500)
diluted in 1% BSA/PBS-T for 1 h at room temperature,
and washed with PBS prior to incubation with Alexa
Fluor 555 Donkey Anti-Rabbit IgG antibody (Life
Technologies, Carlsbad, CA, United States) for another
1 h at room temperature. Cells were then washed
with PBS and mounted in Vectorshield with DAPI
(Vector Laboratories Inc., Burlingame, CA, United
States). Images were taken with a LSM710 confocal
microscope (Carl Zeiss, Jena, Germany) at × 200
magnification.

Cells were seeded in 96-well microassay plates and
exposed to various concentrations of DEX for 24-72
h at 37 ℃ prior to the addition of MTT [3-(4,5-dime
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
(Sigma-Aldrich) diluted 1:10 from a stock solution
of 5 mg/mL in McCoy’s. After a 90 min incubation
period, the MTT-containing medium was removed
and replaced with 100 μL DMSO (Sigma-Aldrich) to
dissolve the formazan crystals. Absorbance was then
measured at 570 nm in a microplate reader and the
IC50 values for DEX were calculated using non-linear
regression analysis in GraphPad Prism software (version
3.05, San Diego, CA, United States).

Western blots and antibodies

Cells were lysed with either RIPA buffer [50 mmol/L
Tris-HCl (pH 8.0), 150 mmol/L NaCl, 0.5% sodium
deoxycholate, 0.1% SDS, 1% NP-40] or whole cell
lysate buffer (10 mmol/L HEPES pH 7.9, 400 mmol/
L NaCl, 0.1 mmol/L EDTA, 5% Glycerol, 1 mmol/L
DTT) to detect EMT markers and HIF-1α, respectively.
Antibodies to HIF-1α (1:1000; Novus Biologicals,
Littleton, CO, United States), β-actin (1:5000; Santa
Cruz Biotechnology, Santa Cruz, CA, United States),
E-cadherin (1:5000; Cell Signaling, Beverly, MA,
United States), αVβ6 (1:1000; Abcam, Cambridge,
United Kingdom) were then applied.

Wound healing assay

Cells were seeded in 60 mm plates, incubated for 24 h,
and then scratched using a pipette tip. After washing
with PBS, cells were incubated in media containing
100 μmol/L DFO and/or 100-200 nmol/L DEX for 24
h. Images were taken at 0 and 24 h with an Olympus
CFX41 microscope (Hamburg, Germany) at × 40
magnification and the percentage of migrating cells
was quantified using Image J software. The experiment
was repeated three times with independent samples.
The percentage of wound closure was calculated by
the equation: (% of wound closure) = [(Total area (0 h)
- Total area (24 h)]/Total area (0 h) × 100.

Quantitative real-time PCR

Total RNA was extracted with RNAiso Plus reagent
(Takara Bio, Otsu, Japan) and cDNA was synthesized
from 1 μg total RNA using the PrimeScript First Strand
cDNA Synthesis Kit (Takara Bio). Real-time PCR was
performed on a CFX 96 real-time system (Bio-Rad,
Hercules, CA, United States) using SYBR Green I
Universal PCR Master Mix (Takara Bio) in reactions with
the following conditions: 95 ℃ for 10 min, followed
by 40 cycles of 95 ℃ for 15 s, and 60 ℃ for 1 min.
Samples were loaded in triplicate, and the experiment
was repeated three times. Fold change of target gene
expression was then calculated per the manufacturer’
s instructions using GAPDH as an internal control.
Primer sequences for PCR reactions are as follows:
Snail 5’-CCCCAACTCGGAAGCCTAACT-3’ (forward) and
5’-GCTGGAAGGTAAACTCTGGATTAGA-3’ (reverse),
Slug 5’-ACGCCCAGCTACCCAATG-3’ (forward)
and 5’-CGCCCCAAAGATGAGGAGTA-3’ (reverse),
Twist 5’-GCGCTGCGGAAGATCATC-3’ (forward) and
5’-GGTCTGAATCTTGCTCAGCTTGT-3’ (reverse), VEGF
5’-ATCTTCAAGCCATCCTGTGTGC-3’ (forward) and
5’-CAAGGCCCACAGGGATTTTC-3’ (reverse), GAPDH
5’-AGGTCGGAGTCAACGGATTTGG-3’ (forward) and
5’-ACAGTCTTCTGGGTGGCAGTGATG-3’ (reverse).

Migration assay using transwell

After coating the lower surface of the transwells
(Corning Incorporated, NY, United States) with 0.2%
4
gelatin, cells (2 × 10 ) in DEX-containing, serum-free
medium were seeded into the inner chamber and
incubated under normoxic or hypoxic conditions for
24 h. Media containing 20% FBS with or without DEX
was used as chemoattractant in the bottom chamber.
After methanol fixation and hematoxylin/eosin (H/E)
staining, cells on the upper surface were scraped away
with a wet cotton swab, and those on the inner surface
were mounted in mounting solution (Vectorshield,
Vector Laboratories). Images were then obtained
with a light microscope (Olympus DP72, Hamburg,
Germany) at × 200 magnification. Experiments were
independently performed in triplicate.

Matrigel invasion assay

Cell invasion assays were performed using transwell
inserts (Corning Incorporated). Briefly, the upper
surfaces were coated with matrigel (BD Biosciences,
San Jose, CA, United States) at 37 ℃ for 2 h, and
the lower chambers were coated with 0.2% gelatin
4
at room temperature for 1 h. Cells (2 × 10 ) in DEXcontaining, serum-free medium were then added to
the inner chamber and incubated under normoxic
or hypoxic conditions for 48 h. Media supplemented

Immunocytochemistry

Cells were grown on coverslips coated with 0.1%
gelatin prior to treatment with DEX for 5-7 d. Treated
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Figure 1 Effects of dexamethasone on vascular endothelial growth factor and hypoxia-inducible factor-1α expression in HCT116 and HT29 cells under
hypoxia. A and B: RNA was extracted from cells treated with DEX (100, 200 nmol/L) and/or hypoxia for 24 (A) or 72 h (B). VEGF mRNA expression was analyzed
by qPCR and normalized to glyceraldehyde phosphate dehydrogenase. DEX-treated HCT116 and HT29 cells in hypoxic conditions displayed the reduction of VEGF
mRNA level; C and D: HIF-1α and β-actin protein expression in cells treated with DEX (50, 100, and 200 nmol/L) and/or hypoxia for 24 h was assessed by western
blot analysis. HIF-1α protein level was inhibited in HCT116 and HT29 cells treated with DEX under hypoxic conditions. The error bar represents the standard
deviation. aP < 0.05 vs hypoxia-only group. DEX: Dexamethasone; VEGF: Vascular endothelial growth factor; HIF-1α: Hypoxia-inducible factor-1α; N: Normoxia; H:
Hypoxia; qPCR: Real-time quantitative polymerase chain reaction.

between groups were analyzed using the independent
t-test. Two-tailed P-values of < 0.05 were considered
to be statistically significant.

Table 1 IC50 values of dexamethasone in HCT116 and HT29
cells
Incubation time with DEX
HCT116 (mmol/L)
HT29 (mmol/L)

24 h

48 h

72 h

0.916
1.130

0.340
0.259

0.191
0.129

RESULTS
DEX inhibits hypoxia-induced VEGF and HIF-1α
expression

To determine the IC50 values of DEX in the colon
cancer cell lines, HCT116 and HT29 cells were cultured
with increasing concentrations of DEX for 24-72 h
(Table 1). Notably, little change was observed on the
IC50 over the time periods assessed. Next, to examine
the effect of DEX on hypoxia-related gene expression,
HCT116 and HT29 cells were treated with DEX and
incubated under normoxic or hypoxic conditions for
24 or 72 h. As shown in Figure 1A, HCT116 cells
treated with DEX under hypoxia exhibited a 67%-75%
decrease in vascular endothelial growth factor (VEGF)
mRNA compared to the hypoxia-only control (both
P < 0.05 vs hypoxia controls). In addition, DEXtreated HT29 cells in hypoxic conditions displayed a
25%-35% reduction in VEGF mRNA when compared

IC 50 is the drug concentration 50% inhibition of cell viability. DEX:
Dexamethasone.

with 20% FBS was used as a chemoattractant in the
bottom chamber. After methanol fixation and H/E
staining, cells on the upper surface were scraped away
with a wet cotton swab, and those on the inner surface
were counted under a light microscope (Olympus
DP72). Experiments were performed in triplicate with
independent samples.

Statistical analysis

Statistical analysis was carried out using SPSS 12.0
(IBM SPSS Statistics, IBM Corporation, Armonk, NY,
®
United States) for MS Windows . The differences
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to the hypoxia-only control (both P < 0.05 vs hypoxia
controls) (Figure 1B). The HIF-1α protein expression
is kept low under normoxic conditions via ubiquitinmediated proteasomal degradation; thus, we sought
to investigate whether DEX treatment had any effect
on HIF-1α protein level in either cell line. For this, cells
were cultured under hypoxic conditions for 24 h in the
presence of varying concentrations of DEX. Finally,
Western blot analysis also demonstrated DEX’s inhibitory
effect on HIF-1α protein expression by 53%-82% in
HCT116 and 53%-90% in HT29 cells compared to the
hypoxia-only controls (Figure 1C and D).

displayed morphological changes, such as an elongated
fibroblastic morphology (Figure 3A and B). Importantly,
the presence of DEX partially restored the growth
pattern and morphological phenotype reminiscent of
cells grown under normoxic conditions. Furthermore,
E-cadherin expression was increased by DEX compared
to hypoxia control counterparts. These effects were
present in both cell lines, HCT116 and HT29.

DEX blocks migration and invasion of colon cancer cells

To examine the effect of DEX on epithelial cell
migration, we performed wound healing assays in
both cell lines. For these analyses, we used DFO to
mimic hypoxic conditions. As shown in Figure 4, DFOtreated cells were highly migratory as compared to the
untreated groups, whereas those co-treated with DEX
and DFO exhibited a lower propensity for migration
compared to DFO-only control cells. Additionally, in
hypoxic conditions, DEX showed 55%-57% (both P
< 0.05 vs DFO-only controls) and 77%-92% (P <
0.01 and P < 0.001 vs DFO-only controls) decrease
on recovery of wounds in HCT116 and HT29 cells,
respectively. To confirm this inhibitory effect of DEX
on the migration of hypoxic colon cancer cells, we
performed the migration assay using transwells.
Consistently, the hypoxia-induced migration of HCT116
and HT29 cells decreased by 21%-25% (P < 0.05 and
P < 0.01 vs hypoxia controls) and 37%-63% (both
P < 0.05 vs hypoxia controls) in DEX-treated cells,
respectively (Figure 5A and B).
Finally, we employed matrigel invasion assays to
investigate the effect of DEX on colorectal cancer cell
invasion. As shown in Figure 5C and D, hypoxic DEXtreated cells showed reductions of 87%-90% (both P
< 0.01 vs hypoxia controls) and 56%-98% (P < 0.05
and P < 0.001 vs hypoxia controls) on the invasive
capacity of HCT116 and HT29 cells compared to the
hypoxia-only controls. This inhibitory effect of DEX on
invasion was observed in both cell lines consistently.

DEX reduces the expression of EMT markers in hypoxic
cells

To monitor whether DEX regulates hypoxia-induced
EMT in human colon cancer cells, we incubated
HCT116 and HT29 cells with or without DEX under
normoxic or hypoxic conditions for 24 or 72 h. The
mRNA expression of Snail, Slug, and Twist was then
examined by real-time quantitative polymerase
chain reaction. While hypoxia alone augmented the
mRNA levels of Snail, Slug, and Twist in HCT116
and HT29 cells, adding DEX resulted in the decrease
of the mRNA levels as follows. HCT116 cells: Snail
(73%-81%, P < 0.05 and P < 0.001 vs hypoxia
controls), Slug (75%-85%, P < 0.05 and P < 0.001
vs hypoxia controls), and Twist (89%-93%, P <
0.01 and P < 0.001 vs hypoxia controls). HT29 cells:
Snail (49%-65%, P < 0.05 and P < 0.01 vs hypoxia
controls), Slug (46%-62%, both P < 0.05 vs hypoxia
controls), and Twist (62%-81%, both P < 0.01 vs
hypoxia controls) (Figure 2A-F).
Next, we explored the effect of DEX and hypoxia
on expression of the EMT markers, E-cadherin and
integrin αVβ6 at the protein level. As shown in Figure
2G and H, E-cadherin expression was reduced by
hypoxia alone and recovered in a dose-dependent
manner by the addition of DEX. Reversely, hypoxiainduced integrin αVβ6 was further depressed by DEX
treatment under hypoxic conditions. Moreover, DEXtreated HCT116 and HT29 cells cultured under hypoxic
conditions showed that E-cadherin was recovered by
26% and 33%, whereas integrin αVβ6 was reduced by
44% and 53%, respectively (Figure 2G and H).

DISCUSSION
Hypoxia is a hallmark of various human malignancies
and is currently observed as an unfavorable prognostic
factor often associated with other high-risk charac
[13]
teristics, such as therapy-resistant metastasis . Thus,
tumor hypoxia has been suggested to favor selection
of the most aggressive/invasive neoplastic cells, and
[14,15]
subsequently facilitate cancer progression
.
In the current study, we used two colorectal cancer
cell lines, HCT116 and HT29 to study the effect of
DEX on hypoxia-induced EMT. Colon cancer can be
classified into two major groups: MSI (microsatellite
instability) and MSS (microsatellite stable, chromosome
[16]
instability) . HCT116 and HT29 were used for this
study since they belong to MSI and MSS, respectively. In
addition, we hypothesized that DEX blocks the migration
and invasion of colorectal cancer cells by repressing

DEX restores morphological changes by hypoxia

Since hypoxia has been shown to regulate the
expression of EMT markers and change cell mor
phology, we assessed whether DEX could rescue the
expression of E-cadherin and alter the morphology of
cells cultured in the presence of hypoxia. To perform
this experiment, HCT116 and HT29 cells were treated
with DEX (100 and 200 nmol/L) and incubated
under normoxic or hypoxic conditions for 5 or 7 d.
Both HCT116 and HT29 cells were largely clustered
together when cultured under normoxic conditions,
whereas those exposed to hypoxia were scattered and
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Figure 2 Effects of dexamethasone on the hypoxia-induced expression of epithelial-mesenchymal transition markers. A-F: RNA was extracted from cells
treated with DEX (100, 200 nmol/L) and/or hypoxia for 24 (A-C) or 72 h (D-F). Snail (A, D), Slug (B, E), and Twist (C, F) mRNA expression levels were then determined
by qPCR and normalized to glyceraldehyde phosphate dehydrogenase. In hypoxic conditions, transcripts of Snail, Slug, and Twist were down-regulated in DEXtreated HCT116 and HT29 cells; G and H: E-cadherin, integrin αVβ6, and β-actin expression in cells treated with DEX (100, 200 nmol/L) and/or hypoxia for 5 (G) or
7 d (H) was assessed by Western blot analysis. Fold changes of E-cadherin and integrin αVβ6 bands were calculated after normalization to β-actin. E-cadherin was
induced in HCT116 and HT29 cells treated with DEX in hypoxic conditions. Reversely, integrin αVβ6 was repressed by treated with DEX in HCT116 and HT29 cells
under hypoxia. The error bar represents the standard deviation. aP < 0.05, bP < 0.01, and cP < 0.001 vs hypoxia-only groups. DEX: Dexamethasone; N: Normoxia; H:
Hypoxia; qPCR: Real-time quantitative polymerase chain reaction.
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Figure 3 Effects of dexamethasone on cell morphology in hypoxia. Immunocytochemical staining for E-cadherin and DAPI in HCT116 (A) and HT29 (B) cells.
Cells were treated with DEX (100, 200 nmol/L) and/or hypoxia for 5 (A) or 7 d (B). E-cadherin (red) and DAPI (blue) were observed by immunocytochemistry. DEX
rescued E-cadherin expression and morphological changes of HCT116 and HT29 cells under hypoxia. Scale bar, 50 µm; Magnification × 200. DEX: Dexamethasone;
DAPI: 4',6-diamidino-2-phenylindole.

EMT under hypoxic conditions. According to our results,
DEX inhibited the hypoxia-related expression of HIF1α and VEGF, as well as the EMT markers (Snail, Slug,
Twist, and integrin αVβ6). Furthermore, DEX treatment
rescued E-cadherin expression, the morphologic
changes, and the migratory properties of colorectal
cancer cells in hypoxia.
A number of molecules have been found to be
involved in the process of EMT. Among them, Snail and
Slug play key roles as transcriptional repressors that
[17]
promote EMT . More specifically, Snail is expressed
in different human carcinoma and melanoma cells,
has been detected at the invasive front of epidermoid
carcinomas, and is related to breast carcinoma
[18,19]
metastasis
. In addition, the ectopic expression
of Snail represses E-cadherin expression to induce a
[5,6,20]
mesenchymal phenotype
. These data suggest
that Snail induces tumor invasion and metastasis.
Additionally, Twist can function independently of Snail
to suppress E-cadherin and is transcriptionally active
[21-23]
during the EMT process in metastatic cancer cells
.
Therefore, from our data which DEX inhibited the
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expression of Snail and Twist under hypoxic conditions,
DEX may be involved in the loss of E-cadherin through
Snail- and Twist-dependent pathways during hypoxiainduced EMT.
The loss of E-cadherin is a key event during EMT
and the loss of cell-cell adhesion thereof. E-cadherin
is a prototypical epithelial cell marker and is repressed
during EMT events in early embryonic development,
[24]
tissue fibrosis, and cancer metastasis . Recent
studies on colon cancer reported that only invasive
cancer cells, which have undergone EMT to obtain a
metastatic phenotype, have high expression of integrin
[25]
αVβ6 . For these reasons, we selected E-cadherin
and integrin αVβ6 as EMT markers for colon cancer
cells and observed that while DEX increased E-cadherin
protein expression in hypoxic cells, the reverse was
true for integrin αVβ6.
There was no evidence to show a negative
impact of DEX in patients with colorectal cancer. The
beneficial effect of DEX during chemotherapy is under
consideration. Some studies have identified that
DEX promotes tumor proliferation and metastasis by
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Figure 4 Effects of dexamethasone on wound healing of colon cancer cells in hypoxia. A and B: Wound healing assay in HCT116 (A) and HT29 (B) cells treated
with DEX (100, 200 nmol/L) and/or DFO (100 μmol/L) for 24 h; C and D: Effect of DEX on migration of HCT116 (C) and HT29 cells (D) was plotted as a percentage of
wound closure. DEX diminished the ability to recover wounds of HCT116 and HT29 cells under hypoxic conditions. The error bar represents the standard deviation.
Magnification × 40. aP < 0.05, bP < 0.01, and cP < 0.001 vs DFO-only groups. DEX: Dexamethasone; DFO: Deferoxamine.
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Figure 5 Effects of dexamethasone on migration and invasion of colon cancer cells in hypoxia. A and B: Transwell migration assay in HCT116 (A) and
HT29 (B) cells; C and D: Matrigel invasion assay in HCT116 (C) and HT29 (D) cells. Both cells treated with or without DEX and incubated for 24 (A, B) or 48 h (C,
D) in normoxic or hypoxic conditions. Cells on the upper surface of the transwells stained with Hematoxylin and Eosin were counted under a light microscope. DEX
repressed migration and invasion of HCT116 and HT29 cells under hypoxia. The error bar represents the standard deviation. aP < 0.05, bP < 0.01, and cP < 0.001 vs
hypoxia-only groups. DEX: Dexamethasone.
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blocking apoptosis and anti-tumor immunosurveillance
and, thereby causing resistance to treatment
[12,26-28]
agents
, whereas others have reported on the
[20,29,30]
benefits for DEX therapy
. These conflicting
results of glucocorticoids may be explained by the
differential expression of glucocorticoid receptor co[27]
activators and corepressors in diverse cell types .
Corticosteroids activate or repress the transcription
of many target genes by binding specific intracellular
receptors that can vary between cell lineages. Thus, the
observed difference in the efficacy of glucocorticoids
on cell viability likely results from cell-type specific
transcriptional regulation; however, the mechanistic
understanding for this effect is unclear.
A recent report suggests that DEX as a preoperative
prophylactic induces no difference in overall and
disease-free survival among patients with colorectal
cancer, and yet the rate of recurrence is higher among
[31]
patients receiving DEX . This result conflicts with
our hypothesis; however, these results are based on
observations after a single dose, and we are unable to
make decision on the efficacy of DEX due to the small
sample size and lack of a comparable study.
A limitation of this study is the lack of a detailed
molecular mechanism underlying the regulation of
[32]
EMT by DEX in colorectal cancer cells. Wagner et al
previously reported that DEX impairs HIF-1α function
by causing an unusual protein distribution from the
nucleus to the cytosol in hepatocellular carcinoma
cells; however, our western blot analysis using the
whole cell lysate from DEX-treated colorectal cancer
cells showed that DEX blocked EMT by inhibiting HIF1α stability, which can be explained by the cell-type
specific activity of DEX. Therefore, further studies
are necessary to determine how DEX controls HIF1α stability and the expression of EMT markers under
hypoxia.
Limiting the side effects of chemotherapy is
clinically significant, as improved treatment outcome
and prognosis can be achieved in patients undergoing
chemotherapy in terms of recommended dose and
duration of treatment. Given that DEX prevented
hypoxia-dependent EMT of colon cancer cells, the use
of DEX in colorectal cancer patients might be beneficial
in mitigating tumor progression or metastasis.
However, this finding should be interpreted with
caution given the in vitro nature of this study.

Research frontiers
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The beneficial effect of DEX during chemotherapy is under consideration. The
authors hypothesized that DEX blocks the migration and invasion of colorectal
cancer cells by repressing epithelial-mesenchymal transition (EMT) under
hypoxic conditions. According to this results, DEX inhibited the hypoxia-related
expression of hypoxia-inducible factor-1α (HIF-1α) and vascular endothelial
growth factor (VEGF), as well as the EMT markers, Snail, Slug, Twist, and
integrin αVβ6. Furthermore, DEX treatment rescued E-cadherin expression,
mesenchymal morphology, and the migratory properties of colorectal cancer
cells in hypoxia.

Innovations and breakthroughs

This study investigated the effects of DEX on hypoxia-induced EMT and
found that it was sufficient to block the propensity for cells to undergo EMT by
repressing the hypoxia-induced expression of HIF-1α and VEGF, as well as
the EMT markers. This evidence suggests that DEX co-treatment may limit the
migratory properties of colorectal tumors subsisting in the hypoxic regions of
colorectal cancers. A limitation of this study is the lack of a detailed molecular
mechanism underlying the regulation of EMT by DEX in colorectal cancer cells.

Applications

Limiting the side effects of chemotherapy is clinically significant, as improved
treatment outcome and prognosis can be achieved in patients undergoing
chemotherapy in terms of recommended dose and duration of treatment. Given
that DEX prevented hypoxia-dependent EMT of colon cancer cells, its use in
colorectal cancer patients might be beneficial in mitigating tumor progression or
metastasis. However, this finding should be interpreted with caution given the in
vitro nature of this study.

Peer-review

The authors address a clinically very interesting issue, considering the fact that
most patients undergoing chemotherapeutic treatment for metastatic colorectal
cancer also receive anti-emetic treatment with synthetic corticosteroids. These
authors state that dexamethasone was sufficient to block the propensity for
cells to undergo EMT by repressing the hypoxia-induced expression of HIF-1α.
This study is easily read, addresses an interesting question, and adds to the
existing evidence in the field.
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Abstract
AIM: To reveal the functions of microRNAs (miRNAs)
with respect to hepatic stellate cells (HSCs) in response
to portal hypertension.
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METHODS: Primary rat HSCs were exposed to static
water pressure (10 mmHg, 1 h) and the pressureinduced miRNA expression profile was detected by
next-generation sequencing. Quantitative real-time
polymerase chain reaction was used to verify the
expression of miRNAs. A potential target of MiR-9a5p was measured by a luciferase reporter assay and
Western blot. CCK-8 assay and Transwell assay were
used to detect the proliferation and migration of HSCs
under pressure.
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RESULTS: According to the profile, the expression of
miR-9a-5p was further confirmed to be significantly
increased after pressure overload in HSCs (3.70 ± 0.61
vs 0.97 ± 0.15, P = 0.0226), which resulted in the
proliferation, migration and activation of HSCs. In vivo ,
the up-regulation of miR-9a-5p (2.09 ± 0.91 vs 4.27 ±
1.74, P = 0.0025) and the down-regulation of Sirt1 (2.41
± 0.51 vs 1.13 ± 0.11, P = 0.0006) were observed in
rat fibrotic liver with portal hypertension. Sirt1 was a
potential target gene of miR-9a-5p. Through restoring
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the expression of Sirt1 in miR-9a-5p transfected HSCs
on pressure overload, we found that overexpression of
Sirt1 could partially abrogate the miR-9a-5p mediated
suppression of the proliferation, migration and
activation of HSCs.

nucleotides in length that regulate gene expression by
binding to the 3′-untranslated region (UTR) of mRNAs;
this in turn causes the degradation or translational
[8,9]
repression of the corresponding mRNAs . According
to a study of liver fibrosis, miRNAs play an important
role in the regulation of the differentiation, proliferation
[10]
and apoptosis of HSCs . In one study, miR-15b
and miR-16 promoted apoptosis of HSCs via the
[11]
inhibition of Bcl-2 protein expression . In another
study, miR-335 was significantly reduced during the
activation of HSCs, and the restoration of miR-335
[12]
could inhibit the activation and migration of HSCs .
The overexpression of miR-19b inhibited the activation
of HSCs and negatively regulated profibrotic TGF-β
[13]
signaling . However, little is known about whether
miRNAs play a role in the response of HSCs to the
portal vein pressure.
In this study, an HSC pressure-loading apparatus
was applied followed by a screening of the increased
pressure-induced miRNA expression profile in HSCs
by next-generation sequencing (after 14 d when HSCs
[14]
were fully activated) . Among these miRNAs, miR9a-5p was validated to be significantly upregulated by
real-time quantitative polymerase chain reaction (qRTPCR) during HSC pressure overload. Meanwhile, miR9a-5p was upregulated and Sirt1 was downregulated
following fibrotic liver injury in vivo. We also found that
the inhibition of miR-9a-5p could significantly suppress
the proliferation, migration and activation of HSCs.
Furthermore, our findings indicated that miR-9a-5p
might function by directly binding to the 3’-UTR of
Sirt1. Collectively, these results revealed that miR-9a5p, as a regulator of Sirt1, influences the activation,
proliferation and migration of HSCs.

CONCLUSION: Our results suggest that during
liver fibrosis, portal hypertension may induce the
proliferation, migration and activation of HSCs through
the up-regulation of miR-9a-5p, which targets Sirt1.
Key words: MicroRNA; miR-9a-5p; Sirt1; Pressure;
Hepatic stellate cells
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal hypertension is a syndrome as the main
characteristics of the portal system hemodynamics
change. Hepatic stellate cell (HSC) activation is the
key factor of promoting the development of the
occurrence of liver cirrhosis and portal hypertension.
We determined the levels of miR-9a-5p in HSCs
under pressure. We found that higher levels of miR9a-5p, which targeted Sirt1, were expressed in vivo .
The restored expression of miR-9a-5p and Sirt1 could
significantly suppress the proliferation, migration and
activation of HSCs.
Qi F, Hu JF, Liu BH, Wu CQ, Yu HY, Yao DK, Zhu L. MiR-9a5p regulates proliferation and migration of hepatic stellate cells
under pressure through inhibition of Sirt1. World J Gastroenterol
2015; 21(34): 9900-9915 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i34/9900.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i34.9900

MATERIALS AND METHODS
Rat model of liver fibrosis

INTRODUCTION

Ten male rats (180-200 g) received an intraperitoneal
injection of CCl4 (2 mL/kg body weight) mixed with
olive oil (40% CCl4), and then the first dosage was
doubled. In order to induce liver fibrosis, CCl4 was
injected twice a week for 8 wk. Ten control animals
were injected with an equal volume of olive oil at the
same time intervals. Rats were sacrificed 48 h after
the last injection. The method of sacrifice entailed the
use of 2 mL of 10% chloral hydrate that was injected
into the heart. The experimental procedures were
approved by the Committee on the Ethics of Animal
Experiments of the Second Military Medical University
animal center. All surgeries were performed under
sodium pentobarbital anesthesia to minimize pain.

Portal hypertension is the consequence of an increase
in both intrahepatic vascular resistance and portal
[1]
blood flow . In the normal liver, hepatic stellate cells
(HSCs) reside in the space of Disse. Under physiological
conditions, the main function of HSCs is the storage
of vitamin A and other retinoids. In response to
liver injury, HSCs gradually transdifferentiate to
an activated α-SMA-positive phenotype through
extensive proliferation and are considered to be the
[2,3]
major source of fibrillar collagen production . It has
been widely accepted that the activation of HSCs is
a key factor in the pathogenesis of liver fibrosis and
[4]
portal hypertension . Moreover, the increased portal
pressure can promote the activation and migration
of HSCs which further exacerbate liver fibrosis and
[5-7]
cirrhosis . However, whether HSCs are regulated by
elevated portal pressure has received little attention.
MicroRNAs (miRNAs), which were discovered
in recent years, are small noncoding RNAs 21-25
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Isolation and culture of primary HSCs

Primary HSCs were extracted from male SpragueDawley rats (with a weight of approximately 400-600
g) that were purchased from the animal experiment
center of the Second Military Medical University. The
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Table 1 Primers used in real-time polymerase chain reaction
Gene

α -SMA
Col1
Sirt1
GAPDH

Forward primer (5’-3’)

Reverse primer (5’-3’)

Product size (bp)

GCCACTGCTGCTTCCTCTTCTT
GCTCGTGGATTGCCTGGAACAG
TGTGGGTCTATGCCTTTCTGGGT
ACGGCAAGTTCAACGGCACAG

CCGCCGACTCCATTCCAATGAA
CACCGACAGCACCATCGTTACC
GCTTGCGTGTGATGCTCTGTC
CCACGACATACTCAGCACCAGC

136
235
239
132

method of isolation of primary rat HSCs was described
[15]
previously .

differential genes.
Pathway analysis was used to find out the
significant pathways of the differential genes. Pathway
annotations of microarray genes were downloaded
from KEGG (http://www.genome.jp/kegg/). A Fisher
exact test was used to find the significant enrichment
pathways. The resulting P-values were adjusted using
the BH FDR algorithm. Pathway categories with an FDR
< 0.05 were reported. Enrichment provides a measure
of the significance of the function: as the enrichment
increases, the corresponding function is more specific,
which helps us to find those more significant pathways
in the experiment. The enrichment was given by:
enrichment = (ng/na)/(Ng/Na). Where ng is the number
of differential genes within the particular pathway, na
is the total number of genes within the same pathway,
Ng is the number of differential genes which have at
least one pathway annotation, and Na is the number of
genes which have at least one pathway annotation in
the entire microarray.

Pressure loading

Pressure loading was performed as described
[16]
previously with some amendments . During the
progression from chronic liver disease (CLD) to
cirrhosis of the liver, the activation of HSCs plays a
more important role. Therefore, 14 d was the time
frame in which the primary HSCs were cultured before
the pressure device was applied. This device was
connected to nitrogen and to a hematomanometer;
the hematomanometer was opened, and nitrogen was
slowly injected. When the pressure rose to 10 mmHg,
the valve was closed, which sealed the container so
that it could be used in subsequent experiments after
loading for 1 h (as reported previously).

Extraction of miRNAs and next-generation sequencing

Total RNA was isolated with TRIzol (Invitrogen) and was
treated with DNase to remove potential genomic DNA
contamination, according to the manufacturer’s protocol.
The quality of the RNA was analyzed with an Agilent
2100 Bioanalyzer (Agilent Technologies). Adapters
were ligated to the 5’ and 3’ ends of the isolated small
RNAs. Reverse transcription followed by PCR was then
used to create cDNA constructs based on the small
RNA ligated with the 5’ and 3’ adapters. The cDNA was
then sequenced with an ABI Proton. Reads Per Kilobase
of exon model per Million mapped reads (RPKM) was
[17]
adopted to quantitatively express the miRNA
with
DEG-Seq to compare the pressure group and the
control group. The following criteria were used to
screen for different miRNAs: fold change ≥ 2, fold
[18]
change ≤ 0.5, and false discovery rate (FDR) < 0.05 .
The original data have been submitted to Gene
Expression Omnibus (GEO) database (http://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE63783).

qRT-PCR

HSCs were exposed to the indicated pressures. The
concentration of the sample RNA was detected with a
spectrophotometer: RNA concentration (μg/μL) = A260
value × dilution ratio × 40/1000. The amplification
primers of α -SMA, collagen type Ⅰ (Col1) and Sirt1
were then designed (Table 1). The primers of miRNAs
were designed by Guangzhou RiboBio Co., Ltd. Then,
20 μL were obtained from the experimental group
and the control group, respectively, for reverse
transcription. According to the instructions included
in the TaKaRa kit, the reverse transcription reaction
was performed for the mRNA (37 ℃ for 15 min or
85 ℃ for 5 s) and miRNA (42 ℃ for 60 min or 70 ℃
for 10 min). Gene transcripts were quantified on a
7900HT Fast Real-Time PCR System (Life Technologies
Corporation, United States) with SYBR green dye and
were normalized to GAPDH and U6. The experiments
for each sample were repeated 3 times.

Gene ontology analysis and pathway analysis

Gene ontology (GO) analysis was applied to analyze
the main function of the differential expression of
genes according to the GO which is the key functional
classification of NCBI. Generally, Fisher’s exact test and
χ 2 test were used to classify the GO category, and the
FDR was calculated to correct the P-value; the smaller
the FDR, the smaller the error in judging the P-value.
The FDR was defined as FDR = Nk/T, where Nk refers
2
to the number of Fisher’s test P-values less than χ test
P-values. We computed P-values for the GOs of all the
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Western blot analysis

Antibodies against the following proteins were used
for Western blot analysis: α-SMA (1:1000; Abcam,
United States), Col1 (1:5000; Sigma, United States),
β-actin (1:1000; CST, United States) and Sirt1
(1:1000; CST, United States). Lysed protein samples
were electrophoresed by SDS-PAGE and transferred
to polyvinylidene fluoride membranes (Millipore Co.
United States). The membranes were first incubated
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Plasmids

with the primary antibodies and were then incubated
with the secondary antibodies. After washing with
TBST 3 times for 10 min each, the membranes were
developed with an enhanced chemiluminescent ECL
assay kit (Santa Cruz Biotechnology, United States).

Sirt1 3′-UTR constructs were PCR amplified (Primer
sequence, forward: 5′-CATGAGCTCCACTATTGAAGC
TGTCCGGATTC-3′; reverse: 5′-GAGCTGAAAACAG
TCTTCACTG-3′) and cloned into pRL-CMV-Basic vector
for Luciferase reporter gene assay. The detailed
[21]
sequence information was reported previously . The
construction of the Sirt1 3′-UTR mutant was done
using the Quickchange site directed mutagenesis
kit (Qiagen, United States) (Primer sequence,
forward: 5′-GAACAGCTTATCTAGACCGCGGAATGGTA
TTTCACACTTT-3′; reverse: 5′-AAAGTGTGAAATA
CCATTCCGCGGTCTAGATAAGCTGTTC-3′).

Transfection with miRNA mimic and inhibitor

Cells were transfected using a ribo FECT™ CP
Transfection Kit (Guangzhou RiboBio Co., Ltd)
according to the manufacturer’s instructions. Control
miR-9a-5p, an miR-9a-5p inhibitor and an miR-9a-5p
mimic were purchased from Guangzhou RiboBio Co.,
Ltd. The miRNA inhibitor and the miRNA mimic were
transfected into the cells at a density of 100 nmol/L
and 50 nmol/L, respectively; the cells were collected
after 24-48 h.

Luciferase assays

HEK293T cells were transfected with pmir-Report-Sirt1
3’-UTR (wild-type or mutant), miR-9a-5p mimic and
the control. The cells were harvested 24 h later and a
luciferase assay was performed with the Stratagene
Luciferase Assay kit (Infinite M1000, TECAN) according
to the manufacturer’s instructions. The luciferase
activity was determined by a dual luciferase assay and
is expressed as a percentage of the control.

Cell proliferation and cell cycle assays

After the transfection with the miRNA inhibitor and the
subsequent pressure loading (10 mmHg, 1 h), the cells
were fostered in 96-well plates and cultivated for 24,
48 or 72 h. A Cell Counting Kit 8 (Weiao, Shanghai,
China) and an EL × 800 microplate reader (BioTek
Instruments Inc., Winooski, Vermont, United States)
(absorbance at 450 nm) were used to determine the
cell proliferation rate.
6
A total of 1 × 10 cells that were transfected with
the miRNA inhibitor were grown in a 6-cm Petri dish
under the appropriate pressure (10 mmHg, 1 h). After
the cells were collected, they were mixed with ice-cold
70% ethanol, washed with PBS, and resuspended in
0.5 mL PBS with propidium iodide (0.5 mg/mL in PBS
with 0.1% sodium azide) and RNase A (1 mg/mL).
Finally, the cells were incubated at 37 ℃ for 30 min.
The results were obtained with a FACS Calibur ﬂow
cytometer (Becton–Dickinson, CA, United States)
and FlowJo software (Tree Star, Ashland, OR, United
States).

Statistical analysis

All data are expressed as the mean ± SD of three
independent experiments. Student’s t-test was
performed when the data consisted of only two groups.
One-way ANOVA was performed when three or more
groups were compared. SPSS software, version 16.0,
was used for all of the statistical analyses, and P values
≤ 0.05 were considered statistically significant.

RESULTS
MiRNA expression profiles of primary HSCs under
pressure overload

The purity of primary HSCs was determined by
autofluorescence and immunohistochemistry with
antibodies against desmin (1:100, Santa Cruz
Biotechnology, Santa Cruz, CA, United States) and
α-SMA (1:100, Abcam, CA, United States) (Figure
1A). A total of 18 significantly abnormally expressed
miRNAs were discovered by next-generation sequenc
ing among zero pressure-loaded HSCs and pressureoverloaded HSCs. According to the screening criteria,
11 of these miRNAs were upregulated and the rest
were downregulated (Table 2). qRT-PCR was used
to confirm these data (Figure 1B). According to
the results of the data mining, different GOs were
controlled by upregulated miRNAs and downregulated
miRNAs, such as cell cycle, negative regulation of
fibroblast proliferation, positive regulation of macroau
tophagy, response to retinoic acid, protein K48-linked
deubiquitination, protein K63-linked deubiquitination
and negative regulation of gene expression (Figure
2A) (Supplementary material). Meanwhile, miRNAs

Cell migration assay

Transwell was used for migration assay experiments.
HSCs were transfected and given pressure loading
(10 mmHg, 1 h) as described previously. HSCs were
3
inoculated at a density of 5 × 10 cells/well with
100 mL cell suspension of each small chamber. After
migration for 24 h, the downside cells were fixed and
stained. Five fields (× 200) were randomly observed
and the bottom of the filter was visualized for counting
the number of cells on each surface. This experiment
was repeated 3 times.

Immunohistochemistry

Liver tissues were obtained from the rats with CCl4[19,20]
induced liver fibrosis
. Tissues were fixed in 4%
paraformaldehyde and stained with anti-Sirt1 antibody
as previously described. Sections (6 μm in thickness)
were cut from paraffin embedded tissues.
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Figure 1 Pressure results in the activation of hepatic stellate cells and regulates miR-9a-5p and Sirt1. A: Immunofluorescence staining for α-SMA and desmin
in fully activated hepatic stellate cells (HSCs); B: qRT-PCR confirms the result of miRNA expression profile. aP < 0.05 vs control; C: qRT-PCR and Western blot
analyses of α-SMA and Col1 upon pressure overload. aP < 0.05 vs control; D: qRT-PCR and Western blot analyses of Sirt1 upon pressure overload (n = 3). bP < 0.01
vs control; E: Results of HE staining: (1) normal liver; (2) fibrotic liver. Immunohistochemistry experiments were used to identify Sirt1 expression in liver tissue; (3)
normal liver; and (4) fibrotic liver; F: RNA was harvested from normal (n =10) and fibrotic (n =10) liver tissue. qRT-PCR was used to detect the expression of miR-9a5p and Sirt1. aP < 0.05, bP < 0.01 vs control. qRT-PCR: Real-time quantitative polymerase chain reaction.

and Col1 compared with cells in the control group as
determined by qRT-PCR and Western blot (Figure 1C).
Sirt1 was dramatically down-regulated in response to
pressure overload by qRT-PCR and Western blot (Figure
1D). MiR-9a-5p expression was also increased in a
rat model of hepatic fibrosis compared with normal
rats. H&E staining was used to determine the degree
of hepatic fibrosis in the rats. Through qRT-PCR and
immunohistochemistry experiments, we verified that
the expression of Sirt1 was also decreased in fibrotic
liver tissue (Figure 1E and F).

Table 2 MiRNAs differentially expressed in response to
pressure overload
miRNA
Upregulated microRNAs
rno-miR-206-3p
rno-miR-210-3p
rno-miR-494-5p
rno-miR-345-3p
rno-miR-592
rno-miR-124-3p
rno-miR-429
rno-miR-34c-5p
rno-miR-34b-5p
rno-miR-34a-3p
rno-miR-450a-3p
rno-miR-199a-5p
rno-miR-222-3p
rno-miR-450a-5p
rno-miR-34a-5p
rno-miR-494-3p
rno-miR-377-5p
rno-miR-9a-5p
Downregulated miRNAs
rno-miR-26a-3p
rno-miR-222-5p
rno-miR-335
rno-miR-194-3p
rno-miR-103-1-5p
rno-miR-664-1-5p
rno-miR-188-3p

Log2FC

Fold change

FDR

3.347
1.903
1.691
3.127
2.990
1.656
1.862
2.612
2.482
2.434
2.309
2.091
2.608
2.373
2.319
1.671
1.877
2.124

10.176
3.740
3.229
8.736
7.945
3.151
3.635
6.113
5.587
5.404
4.955
4.260
6.097
5.180
4.990
3.184
3.673
4.359

2.22E-05
9.61E-05
0.001401
0.001984
0.002623
0.002647
0.003247
0.007838
0.008211
0.008598
0.008823
0.009277
0.009440
0.009558
0.009845
0.019836
0.037294
1.23E-05

-3.412
-2.740
-2.428
-2.785
-2.555
-1.972
-2.472

0.094
0.150
0.186
0.145
0.170
0.255
0.180

1.54E-04
0.007077
0.009698
0.021509
0.028431
0.041855
0.043457

Inhibition of miR-9a-5p attenuates the proliferation,
migration and activation of HSCs under pressure
overload

We examined the proliferation rate and migration of
pressure-overloaded HSCs in response to a miR-9a5p inhibitor. CCK-8 and transwell assays showed that
the proliferation rate and migration of HSCs were
decreased upon pressure overload (Figure 3A and C).
According to the fluorescence activated cell sorting
(FACS) analyses of propidium iodine-stained nuclear
DNA, we found that in the control group, 35.27% and
53.83% of zero pressure-loaded cells were in the S
phase and G0/1 phase, respectively. In the pressureoverload group, 60.76% of the HSCs were in the S
phase of the cell cycle, while 31.77% of the HSCs were
in the G0/1 phase. In contrast, approximately 35.70%
and 56.80% of HSCs were in the S phase and G0/1
phase, respectively, when miR-9a-5p expression was
inhibited (Figure 3B). Through transfection of a miR9a-5p inhibitor or a mimic into activated HSCs that
were cultured for 14 d, and after pressure application
for 1 h, the expression of α-SMA and Col1 was
decreased and increased, respectively, compared with
HSCs that were transfected with control-miRNA (Figure
3D). In summary, the results showed that miR-9a-5p

regulated critical pathways involved in RNA transport,
focal adhesion, NF-kB signaling, and cell adhesion,
among others (Figure 2B) (Supplementary material).

Pressure results in the activation of HSCs and regulates
miR-9a-5p and Sirt1

The effects of pressure on HSC activation and ECM
protein production were identified. Pressure overload
in HSCs resulted in an increase in the levels of α-SMA
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Figure 2 GO analysis and pathway analysis based on miRNA expression profiles. A: Significant GOs targeted by upregulated miRNAs (1) and significant GOs
targeted by downregulated miRNAs (2). The vertical axis is the GO category, and the horizontal axis is the enrichment of GOs; B: Significant pathways controlled by
upregulated miRNAs (1) and significant pathways controlled by downregulated miRNAs (2). The horizontal axis is the pathway category, and the vertical axis is the
enrichment of the pathway. GO: Gene ontology; NF-kB: Nuclear factor-kappa B.
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Figure 3 MiR-9a-5p regulates the proliferation, migration and activation of hepatic stellate cells under pressure overload. A: Hepatic stellate cells (HSCs)
transfected with a miR-9a-5p inhibitor or a negative control were exposed to increased pressure. Then, the cells were seeded in 96-well plates, cultured for 72 h and
observed with a microplate reader at 0 , 12, 24 and 72 h. aP < 0.05 vs control; B: The cell cycle analysis of each group was conducted by FACS. bP < 0.01 vs control;
C: Down-regulation of miR-9a-5p inhibits HSC migration by about 40% assessed by Transwell assay. bP < 0.01 vs control; D: The mRNA and protein levels of α-SMA
and Col1 were decreased by a miR-9a-5p inhibitor, and were increased by a miR-9a-5p mimic. Data are shown as the mean ± SD. Triplicate assays were performed
and bP < 0.01 vs control.

suppresses cell proliferation, migration and activation
in S phase of the cell cycle.

5p mimic was significantly decreased. However, the
activity was restored in the mutant 3′-UTR construct
(Figure 4A).
Next, we found that the mRNA and protein levels
of Sirt1 were increased in HSCs upon application of a
miR-9a-5p inhibitor. Following transfection with a miR9a-5p mimic, Sirt1 expression was decreased (Figure
4B and C). Taken together, it was demonstrated
that miR-9a-5p is able to target Sirt1 and negatively
regulate its expression.

MiR-9a-5p inhibits Sirt1 expression by directly binding
to its 3’-UTR

Sirt1 is involved in the regulation of many physiological
functions in the body, including gene transcription,
energy metabolism and the regulation of the cell aging
process. Sirt1 has been reported to be a potential
[21]
target of miR-9 in studies of insulin secretion .
Moreover, with the online prediction tools Pictar and
Targetscan (Supplementary material), we found that
miR-9a-5p binds to two different sites in the 3′-UTR of
Sirt. In order to assess the role of this miRNA, a dualluciferase reporter system was adopted. Luciferase
reporters that contain a wild-type (WT) Sirt1 3′-UTR
and a Sirt1 3′-UTR, including mutant sequences in
the two possible binding sites, were constructed. The
results showed that the luciferase activity of the WT
Sirt1 3′-UTR in cells that were treated with a miR-9a-

WJG|www.wjgnet.com

Overexpression of Sirt1 reverses the inhibitory effect
of miR-9a-5p on the proliferation rate and migration of
HSCs

To elucidate whether miR-9a-5p regulates HSC
proliferation, migration and activation by targeting
Sirt1, we examined the proliferation, migration and
activation of pressure-overloaded HSCs in response
to overexpression of Sirt1. We found that Sirt1
overexpression could inhibit the proliferation, migration
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Figure 4 MiR-9a-5p suppresses the proliferation, migration and activation of hepatic stellate cells by directly binding to Sirt1 3’-UTR region. A: Alignment of
miR-9a-5p with the target sequence in the WT 3’-UTR of Sirt1 and the site-directed mutant 3’-UTR of Sirt1 (using Target Scan). The effect of co-transfection with pmirReport, pmir-Report Sirt1 3’-UTR (wild-type or mutant) on luciferase activity was assessed in HEK293T cells. Student’s t-test was used for statistical analysis (n = 3;
b
P < 0.01 vs control); B and C: qRT-PCR and Western blot analyses of Sirt1 levels in hepatic stellate cells (HSCs) under the treatment of a miR-9a-5p mimic or a miR9a-5p inhibitor and their corresponding negative controls (n = 3; aP < 0.05, bP < 0.01 vs control); D: HSCs transfected with Sirt1 or a negative control were exposed to
increased pressure. Then, the cells were seeded in 96-well plates, cultured for 72 h and observed with a microplate reader at 0, 12, 24 and 72 h. aP < 0.05 vs control;
E: The cell cycle analysis of each group was conducted by FACS; F: qRT-PCR was used to detect the expression of α-SMA and Col1 after up-regulation of Sirt1. Data
are presented as the mean ± SD. bP < 0.01 vs control; G: Overexpression of miR-9a-5p and Sirt1 inhibits HSC migration by about 30 % assessed by Transwell assay.
b
P < 0.01 vs control. qRT-PCR: Real-time quantitative polymerase chain reaction; UTR: Untranslated region; HSC: Hepatic stellate cell.

and activation of HSCs compared with overexpression
of miR-9a-5p and Sirt1 simultaneously (Figure 4D, F
and G). We also found that in the pressure-overload
group, 41.92% and 11.48% of cells were in the S phase
and G2 phase, respectively. In the Sirt1 overexpression
group, 46.90% of HSCs were in the S phase of the cell
cycle, while 3.68% of the HSCs were in the G2 phase.
In the miR-9a-5p and Sirt1 overexpression group,
approximately 39.15% and 12.15% of HSCs were in
the S phase and G2 phase, respectively (Figure 4E).
The results showed that increased expression of Sirt1
can restore the proliferation, migration and activation
of HSCs.

blood flow, which promotes the anatomical features
of portal hypertension. Therefore, a vicious cycle
exists among the development of liver cirrhosis, portal
hypertension, the liver sinus pressure and activated
HSCs. The experimental data also show that pressure
can obviously promote the proliferation of HSCs and
that this mechanism regulates cell proliferation in the
S phase of the cell cycle.
MiRNAs play a very important role in various liver
diseases such as viral hepatitis, fatty liver disease,
liver fibrosis and hepatocellular carcinoma. MiR-122
is associated with viral infection and replication. After
miR-122 is silenced, HCV RNA is decreased by 64%,
which indicates that miR-122 is expected to become
[22,23]
one of the targets of anti-HCV therapy
. MiR-14 is
also associated with lipid metabolism, since miR-14
knockout animals demonstrate an increase in the
[24]
levels of triglyceride and diacylglycerol .
Recent studies also suggest that miRNAs are very
closely linked with biomechanical responses. It has
been reported that miR-34a plays an important role in
[25]
the regulation of cirrhosis with portal hypertension .
MiR-19a mediates the suppressive effect of laminar
flow on cyclin D1 expression in human umbilical vein
[26]
endothelial cells . In our study, we screened the

DISCUSSION
Continuous activation of HSCs is the key factor in
the promotion of the development of liver fibrosis,
which may also cause an increase in portal pressure.
Our previous study results showed that the liver
sinus pressure also promotes the activation of HSCs.
Activated HSCs secrete a variety of fibrotic factors such
as vascular endothelial growth factor, transforming
growth factor, Dl and collagen Ⅰ, which cause collagen
deposition in the liver sinus; these factors also impede
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pressurization-induced miRNA expression profile in
HSCs by next-generation sequencing. The expression
of miR-9a-5p is obviously differentially expressed.
qRT-PCR results showed that miR-9a-5p also signifi
cantly increased under increased pressure, which
is consistent with its expression in quiescent HSCs
[27]
vs activated HSCs . In this study, we found that
miR-9a-5p directly reduced the expression of Sirt1.
Recent research also suggests that Sirt1 is a target
gene of miR-9a-5p in the beta cells of pancreatic
[21]
islets . In addition, some studies have shown that
[28,29]
Sirt1 participates in hepatic steatosis
. We also
found that a miR-9a-5p inhibitor could inhibit HSC
proliferation and migration. Compared with the
control group, HSC proliferative and migration activity
was significantly inhibited in the miR-9a-5p inhibitor
group, and miR-9a-5p regulates HSC proliferation
and migration by targeting Sirt1. Interestingly, when
miR-9a-5p was upregulated, the expression of Sirt1
was significantly decreased in rats with liver fibrosis
compared with controls.
Overall, these systematic studies indicate that
miR-9a-5p is a novel regulator of HSCs in the setting
of increased pressure and hepatic fibrosis in rats,
and that overexpression of miR-9a-5p following HSC
activation perpetuates the fibrotic response. MiR-9a-5p
could negatively regulate Sirt1 expression and plays
an important role in the regulation of HSC proliferation
and migration, which provides a potential therapeutic
target for portal hypertension.

of miR-9a-5p was up-regulated and the expression level of Sirt1 was downregulated.
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Abstract
AIM: To investigate macrophage migration inhibitory
factor (MIF) expression and its clinical relevance in
gastric cancer, and effects of MIF knockdown on
proliferation of gastric cancer cells.
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METHODS: T i s s u e m i c ro a r ray c o n t a i n i n g 1 1 7
samples of gastric cancer and adjacent non-cancer
normal tissues was studied for MIF expression by
immunohistochemistry (IHC) semiquantitatively,
and the association of MIF expression with clinical
parameters was analyzed. MIF expression in gastric
cancer cell lines was detected by reverse transcriptionpolymerase chain reaction (RT-PCR) and Western blot.
Two pairs of siRNA targeting the MIF gene (MIF si-1
and MIF si-2) and one pair of scrambled siRNA as a
negative control (NC) were designed and chemically
synthesized. All siRNAs were transiently transfected
TM
in AGS cells with Oligofectamine to knock down the
MIF expression, with the NC group and mock group
TM
(Oligofectamine alone) as controls. At 24, 48, and 72
h after transfection, MIF mRNA was analyzed by RTPCR, and MIF and proliferating cell nuclear antigen
(PCNA) proteins were detected by Western blot.
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The proliferative rate of AGS cells was assessed by
methylthiazolyl tetrazolium (MTT) assay and colony
forming assay.

pluripotent cytokine that can inhibit macrophage
migration in vitro and promote the accumulation of
[1,2]
macrophages in delayed skin hypersensitivity
.
Autocrine MIF signaling stimulates macrophage
production of tumor necrosis factor-α, interleukin-1,
nitric oxide, hydrogen peroxide and other inflammatory
[3]
factors . MIF is an important mediator in the
pathogenesis of gastric inflammation in rats, and its
expression increases significantly in Helicobacter pylori
[4,5]
(H. pylori)-induced inflammation in humans .
Previously, we have shown that MIF knockout mice
[6]
are protected against H. pylori-induced gastritis .
Furthermore, MIF is highly expressed in various
[7]
[8]
[9]
[10]
tumors, including lung , liver , breast , gastric ,
[11]
[12]
colon , and prostate
cancers, and overexpression
of MIF stimulates proliferation and inhibits apoptosis
[13,14]
in cancer cells via the paracrine pathway
. These
findings suggest that MIF plays an essential part in
the development of chronic inflammation and cancer,
and possibly in carcinogenesis related to chronic
inflammation.
MIF has been suggested as a potential molecular
target for cancer therapy. In an in vitro study,
proliferation of colon cancer cells was inhibited when
MIF was downregulated by transduction of MIF
[15]
antisense plasmids . In another report, the growth
and invasion of DU-145 prostate cancer cells were
attenuated by inhibition of MIF and its receptor,
[16]
CD74 . However, whether MIF silencing has any
effects on the development of gastric cancer and
whether MIF is a potential therapeutic molecular target
in this disease are not understood.
In this report, we demonstrate that MIF is
substantially expressed in gastric cancer cells in
vitro and in vivo, MIF expression is associated with
patient survival in gastric cancer and thus may be
of prognostic value, and MIF may act as a potential
therapeutic target for gastric cancer.

RESULTS: The tissue microarray was informative for
IHC staining, in which the MIF expression in gastric
cancer tissues was higher than that in adjacent noncancer normal tissues (P < 0.001), and high level
of MIF was related to poor tumor differentiation,
advanced T stage, advanced tumor stage, lymph node
metastasis, and poor patient survival (P < 0.05 for all).
After siRNA transfection, MIF mRNA was measured
by real-time PCR, and MIF protein and PCNA were
assessed by Western blot analysis. We found that
compared to the NC group and mock group, MIF
expression was knocked down successfully in gastric
cancer cells, and PCNA expression was downregulated
with MIF knockdown as well. The cell counts and
the doubling times were assayed by MTT 4 d after
transfection, and colonies formed were assayed by
colony forming assay 10 d after transfection; all these
showed significant changes in gastric cancer cells
transfected with specific siRNA compared with the
control siRNA and mock groups (P < 0.001 for all).
CONCLUSION: MIF could be of prognostic value in
gastric cancer and might be a potential target for
small-molecule therapy.
Key words: Macrophage migration inhibitory factor;
Proliferation; RNA interference; Stomach neoplasm;
Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Macrophage migration inhibitory factor (MIF)
is a multifunctional cytokine, which plays a significant
role in the tumor development. The objective of
this study was to investigate the expression of MIF
in gastric cancer and the inhibitory effect of its
knockdown on gastric cancer cell proliferation. The
results show that MIF is expressed highly in gastric
cancer, and its expression was related to clinical stage.
The proliferation of gastric cancer cells was inhibited
by MIF knockdown, suggesting that MIF is a potential
target in molecular therapy for gastric cancer.

MATERIALS AND METHODS
Tissue samples

In this study, we retrospectively recruited formalinfixed, paraffin-embedded tissues from 117 cases of
gastric cancer, which were resected initially between
March 2001 and August 2003. Samples were collected
from the archives of the Department of Pathology,
the First Affiliated Hospital of Sun Yat-sen University,
Guangzhou, China. Tumor differentiation was defined
based on the criteria proposed by the World Health
Organization (WHO) Classification of Tumors (2003).
Tumor stages were defined according to the American
Joint Committee on Cancer (AJCC) TNM Staging
th
Classification for Carcinoma of the Stomach (7
Ed, 2010). This study was approved by the Ethics
Committee of the Sun Yat-sen University Cancer
Center, and written informed consent was obtained
from each patient.

He LJ, Xie D, Hu PJ, Liao YJ, Deng HX, Kung HF, Zhu
SL. Macrophage migration inhibitory factor as a potential
prognostic factor in gastric cancer. World J Gastroenterol 2015;
21(34): 9916-9926 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i34/9916.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i34.9916

INTRODUCTION
Macrophage migration inhibitory factor (MIF) is a
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Construction of tissue microarrays

BCG-823. Cancer cells were grown in RPMI-1640
medium (Sigma-Aldrich, St Louis, MO, United States)
supplemented with 10% fetal bovine serum. The
cells were grown at 37 ℃ in a humidified atmosphere
containing 5% CO2.
To achieve MIF knockdown, cells were transfected
with small interfering RNA (siRNA). Cells were
cultured in Opti-MEM reduced serum medium
(Invitrogen, Carlsbad, CA, United States) in accor
dance with the manufacturer’s instructions. We
used the online GenScript siRNA Target Finder
Tool (GenScript, Piscatawy, NJ, United States) to
design siRNA that would target the mRNA sequence
of the human MIF gene. The siRNA duplexes
(si-1 and si-2) consisted of 27 bp with a base
[19]
deoxynucleotide overhang , and were synthesized
commercially (TaKaRa Bio Inc., Otsu, Shiga, Japan)
with the following sequences (sense strand): si-1,
ACAUCAACUAUUACGACAUGAACGCGGdTdT and
si-2, CAUCAUGCCGAUGUUCAUCGUAAACACdTdT.
A scrambled sequence siRNA (GUUGCGCCCGCG
AAUGAUAUUUAUAAUCdTdT; sense strand) was used
as a negative control. All sequences were confirmed to
have no homology with RIF mRNA by Blast searches.
All siRNAs were transfected using Oligofectamine
reagent (Invitrogen, Carlsbad, CA, United States),
according to the manufacturer’s instructions. Addi
tionally, a mock group was transfected with reagent
alone. Cells were harvested 24, 48 and 72 h after
transfection and the levels of MIF mRNA were
assessed by real-time polymerase chain reaction (RTPCR). Western blot analysis was used to measure MIF
and proliferating cell nuclear antigen (PCNA) protein
expression.
Three independent experiments were done with
each AGS and MKN-45 cells and similar results
obtained in the following study, and as representatives,
the showed results are of three independent
experiments with AGS cells.

Tissue microarrays (TMA) were constructed according
[17]
to a method described previously . Briefly, the
individual block of tissue and the corresponding
histological slides stained with hematoxylin and eosin
were overlaid for microarray sampling, which was
performed with a tissue arraying instrument (Beecher
Instruments, Sun Prairie, WI, United States). Cylinders
of tissue with a 0.6 mm diameter were removed from
the samples-three from each primary tumor sample
and three from each healthy tissue sample-and reembedded in paraffin in a predetermined position.
Multiple 5 μm sections were cut from the microarray
block and mounted on microscope slides.

Immunohistochemistry

TMA sections were first deparaffinized in xylene,
rehydrated through a series of graded alcohol,
immersed in 3% hydrogen peroxide in phosphatebuffered saline (PBS) for 10 min to block endogenous
peroxidase activity, and antigen-retrieved in a pressure
cooker for 3 min in citrate buffer (pH 6.0). TMA
sections were then blocked for nonspecific binding
by incubation in 10% normal goat serum at room
temperature for 30 min. Subsequently, the slides
were incubated with a primary monoclonal antibody
to MIF (Santa Cruz Biotechnology, Santa Cruz, CA,
United States; 1:800 in PBS) at 4 ℃ overnight in
a moist chamber. The next day, the sections were
sequentially incubated with biotinylated goat antirabbit immunoglobulin (Envision, Dako, Denmark) as
the secondary antibody, at a concentration of 1:100
for 40 min at 37 ℃. Slides were then reacted with
streptavidin-peroxidase conjugate for 30 min at 37 ℃,
followed by incubation with 3,3’-diaminobenzidine as a
chromogen substrate. Cell nuclei were counterstained
with Meyer’s hematoxylin. A negative control was
achieved by replacing the primary antibody with
normal murine IgG.
All immunohistochemistry slides were semi
quantitively evaluated by the same observer who
had no knowledge of the previous biochemical test
results. Assessments were performed according to
the procedure widely used to calculate the Remmele
[18]
score . The level of staining intensity (SI) was
subdivided into four groups: 0 (negative); 1 (weak);
2 (moderate); and 3 (strong). The percentage of
positive cells (PP) was regarded as 0 (none), 1 (<
10%), 2 (10%-50%), 3 (51%-80%) and 4 (> 80%
positive tumor cells), respectively. The Remmele score
is produced by multiplying the score of intensity and
percentage (0-12). In this study, a score of 0-2 was
regarded as negative or low expression, while > 2 as
high expression.

RT-PCR

RT-PCR was carried out with SYBR Green mixture
(TaKaRa, Japan), according to the manufacturer’
s protocol. The following primers were used: MIF
forward, 5’-CAGTGGTGTCCGAGAAGTCAG-3’ and
reverse, 5’-TAGGCGAAGGTGGAGTTGTT-3’; GAPDH
forward, 5’-TTTGGTATCGTGGAAGGAC-3’ and reverse,
5’-AAAGGTGGAGGAGTGGGT-3’. The data were
analyzed with standard-curve analysis and charts
created in Quantity One software (Bio-Rad, Hercules,
CA, United States).

Western blot analysis

Cells were harvested in ready-to-use radioim
munoprecipitation assay buffer (Sigma-Aldrich)
that contains 150 mmol/L sodium chloride, 1.0%
igepal CA-630, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl sulfate and 50 mmol/L Tris (pH 8.0),

Cell culture and RNA interference

The gastric cancer-derived cell lines used in this
study were AGS, MKN-28, MKN-45, SGC-7901 and
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formed formazan complex was solubilized with 100
μL dimethyl sulfoxide. Absorbance was measured 4 d
after transfection with a microplate reader (Bio-Rad) at
a wavelength of 492 nm.

Table 1 Association of macrophage migration inhibitory
factor expression with clinicopathological features of gastric
cancer n (%)
Variable

MIF
All cases

Low
expression

High
expression

55
61

16 (29.09)
20 (32.79)

39 (70.91)
41 (67.21)

74
43

21 (28.38)
15 (34.88)

53 (71.62)
28 (65.12)

2

Age (yr)
≤ 61
> 61
Sex
Male
Female
Tumor
differentiation
Well
Moderate
Poor
Tumor stage
Ⅰ and Ⅱ
Ⅲ
Ⅳ

T stage
T1 and T2
T3
T4
Lymph node
metastasis
No (N0)
Yes (Nx)
Distant metastasis
M0
M1

Colony formation assay

P value1

Two days after transfection with MIF or negativecontrol siRNA, 500 cells were evenly spread on six-well
plates and cultured for 10 d at 37 ℃. At the end of the
incubation period, the cells were stained with Giemsa
solution (Sigma-Aldrich) and photographed with a
digital camera. The number of colonies that contained
more than 50 cells was counted with an inverted
microscope.

0.819

0.598

0.049
5
34
78

1 (20.00)
16 (47.06)
19 (24.36)

4 (80.00)
18 (52.94)
59 (75.64)

27
51
39

16 (59.26)
14 (27.45)
6 (15.38)

11 (40.74)
37 (72.55)
33 (84.62)

14
75
28

8 (57.14)
23 (30.67)
5 (17.86)

6 (42.86)
52 (69.33)
23 (82.14)

Statistical analysis

0.001

Survival was estimated using the Mantel-Cox logrank test. Association of MIF protein expression levels
2
with clinicopathological data was analyzed using the χ
test, stage-match univariate survival analysis, and a
multiple Cox proportional hazards regression analysis.
All analyses were performed using SPSS statistical
software package (version 13.0, SPSS Inc., Chicago,
IL, United States). Differences were deemed to be
significant when P values from two-tailed tests were
less than 0.05.

0.034

0.001
24
93

16 (66.67)
20 (21.51)

8 (33.33)
73 (78.49)

99
18

32 (32.32)
4 (22.22)

67 (67.68)
14 (77.78)

0.564

RESULTS

1 2

χ test; 2Median age.

MIF expression in gastric cancer and its association
with clinicopathological features

This cohort consisted of 72 (61.5%) men and 45
(38.5%) women, with a median age of 61 years old.
The average follow-up duration was 28.5 mo, and the
median follow-up duration was 23.0 mo (range, 5.0 to
80.0 mo). Clinicopathological characteristics, including
patient age and gender, tumor differentiation, stage,
and relapse, were collected (Table 1).
Western blot analysis showed that MIF was
expressed in all five gastric cancer cell lines (AGS,
MKN-28, MKN-45, SGC-7901 and BCG-823; Figure
1A). Immunochemistry showed that MIF protein was
mainly expressed in the cell nuclei and cytoplasm
of gastric mucosa cells (range of expression,
0%-100%; Figure 1B). This finding indicates that MIF
is overexpressed in gastric cancer, compared to the
adjacent normal mucosa. High MIF protein expression
was associated with poor tumor differentiation,
advanced T-stage, advanced tumor stage and lymph
node metastasis in gastric cancer, but not with age,
sex or distant metastasis (Table 1).
Multivariate regression analysis showed that MIF
expression was an independent prognostic factor
for poor patient survival (HR = 1.784; 95%CI:
1.338-2.380, P < 0.001), as well as advanced clinical
stage (Table 2). Associations were observed between
the degree of MIF protein expression, and overall
survival and disease-free survival. In patients with

supplemented with protease-inhibitor and phosphataseinhibitor cocktails. The protein concentration was
determined using a bicinchoninic acid protein assay kit
(Pierce, Rockford, IL, United States). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis was used to
separate 20 μg protein samples that were transferred
on to polyvinylidene fluoride membranes (Perkin Elmer,
Fremont, CA, United States) and then immunoblotted
with MIF and PCNA polyclonal antibodies (Santa Cruz
Biotechnology) and α-tubulin polyclonal antibody (Cell
Signaling Technology, Danvers, MA, United States)
or GAPDH polyclonal antibody (Abcam, Cambridge,
United Kingdom) as internal controls. Antibodies
conjugated with horseradish peroxidase and an en
hanced chemiluminescence Western blotting system
(Amersham Bioscience, Little Chalfont, United Kingdom)
were used for detection. Gray values of the bands were
analyzed with Quantity One software.

Cell growth assay

Cell growth was measured with the 3-(4,5-dime
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Briefly, 2 d after transfection with siRNAs,
AGS cells were seeded at 2000 cells per well in 96-well
plates and incubated for 24, 48 or 72 h. To each
well, 5 μL of 5 mg/mL MTT was added and the plates
were incubated for an additional 4 h at 37 ℃. Finally,
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A
MIF

B

82
BC
G-

C7

90

3

1

45
SG

KN
M

KN
M

AG

S

28

α-Tubulin

MIF low expression in
normal gastric mucosa

MIF low expression in
gastric cancer

MIF high expression in
gastric cancer

× 40

× 40

× 40

× 100

× 100

× 100

Figure 1 Macrophage migration inhibitory factor protein expression levels in gastric cancer cell lines and tissues. A: Macrophage migration inhibitory factor
(MIF) protein expression was increased in five gastric cancer cell lines compared with that of α-tubulin (control). Results are representative of three independent
experiments; B: Expression of MIF protein in normal and gastric cancer tissue samples. Magnification in the three top panels is × 40 and is × 100 in the bottom three
panels. Survival was assessed by Kaplan-Meier analysis and differences were calculated with the log rank test.

expression (17.0 mo, SD = 1.83, 95%CI: 13.4-20.6)
than those with low MIF expression (40.7 mo, SD
= 1.833.72, 95%CI: 33.5-48.1) (P < 0.001; Figure
2B). In patients with lymph node metastasis (93/117;
79.49%), mean overall survival was shorter in those
with high MIF expression (73/93; 78.5%, 22.7 mo,
SD = 1.77, 95%CI: 18.9-22.6) than those with
low MIF expression (20/93, 21.5%; 38.8 mo, SD =
4.55, 95%CI: 29.8-47.7). Mean overall survival was
significantly longer in patients without lymph node
metastasis (24/117, 20.51%; 51.2 mo, SD = 3.51,
95%CI: 44.3-58.0) than any patients with lymph node
metastasis (P < 0.001; Figure 2C). The pattern was
similar for disease-free survival (high MIF expression
plus lymph node metastasis, 15.9 mo, SD = 1.80,
95%CI: 12.5-19.5; MIF expression plus lymph node
metastasis, 30.9 mo, SD = 4.82, 95%CI: 21.5-40.4;
no lymph node metastasis, 44.2 mo, SD = 4.64,

Table 2 Cox’s multivariate analysis of prognostic factors for
overall survival
Characteristic
Age (≤ 61 yr vs > 61 yr)
Sex (male vs female)
Tumor size (≤ 3 cm vs > 3 cm)
Stage (Ⅰ-Ⅱ vs Ⅲ-Ⅴ)
Differentiation (well to moderate
vs poor)
MIF expression (low vs high)

Hazards ratio

95%CI

P value

1.099
1.202
1.606
1.885
1.258

0.719-1.680
0.779-1.855
0.964-2.677
1.171-3.305
0.777-2.039

0.663
0.406
0.069
0.009
0.351

1.784

1.338-2.380

< 0.001

high MIF expression, mean overall survival was 24.2
mo (SD = 1.96, 95%CI: 20.4-28.1), compared
with 47.0 mo (SD = 3.18, 95%CI: 40.8-53.3) in
those with low levels of MIF expression (P = 0.001;
Figure 2A). Likewise, mean disease-free survival
was significantly shorter in patients with high MIF
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B

1.0

Overall survival

0.8

0.6

High expression of MIF

0.4

0.2

0.0

1.0

0.8

Low expression of MIF
Overall survival

A

0.6

Low expression of MIF

0.4

0.2

P < 0.001
0

10

0.0
20

30

40

50

60

High expression of MIF

P < 0.001
0

10

Time after diagnosis (mo)

C

20

30

40

50

60

Time after diagnosis (mo)

D

1.0

1.0

N0
0.8
Disease-free survival

Overall survival

0.8
Nx and MIF low expression
0.6

0.4

0.2

0.6
Nx and MIF low expression
0.4

0.0

0.0
10

20

30

40

Nx and MIF high expression

0.2

Nx and MIF high expression

0

N0

50

60

P < 0.001
0

Time after diagnosis (mo)

10

20

30

40

50

60

Time after diagnosis (mo)

Figure 2 Macrophage migration inhibitory factor protein expression levels in gastric cancer tissue and association with overall and disease-free patient
survival rates. A, B: Overall (A) and disease-free (B) survival in patients with gastric cancer who had low expression levels of macrophage migration inhibitory factor
(MIF) (n = 36) vs high expression (n = 81); C, D: Overall survival (C) and disease-free (D) survival in patients with gastric cancer lymph-node metastasis who had low
expression levels of MIF (n = 20) vs those with a high expression levels of MIF (n = 73) and in those without lymphatic metastasis (n = 24).

95%CI: 35.1-53.3. P < 0.001; Figure 2D).

± 0.14 d and 2.42 ± 0.17 d, compared with 1.25 ±
0.06 d and 1.08 ± 0.14 d, respectively, in the two
controls. The colony formation assay showed that 10
d after transfection with si-1 and si-2, mean colony
numbers in AGS cells were 33.15 ± 4.12 and 43.25 ±
2.63, respectively, which were significantly lower than
103.27 ± 2.80 in the negative control and 112.50 ±
2.10 in the mock group (P < 0.001 for all; Figure 8).
Gray values of the PCNA expression levels in the MIF
si-1 and si-2 and control siRNA groups were 8.31, 9.42
and 20.51, respectively (Figure 9), all of which suggest
that MIF siRNA transfection significantly inhibited the
proliferation capacity of AGS cells.

Effects of MIF knockdown

In comparison with the negative and mock groups,
MIF mRNA levels decreased significantly in AGS cells
transfected with MIF si-1 or si-2, compared with the
internal control (Figure 3). The inhibition ratios of MIF
si-1 in the experimental group were 62.83%, 67.28%
and 76.91% at 24, 48 and 72 h after transfection,
respectively, and those of MIF si-2 were 56.65%,
65.78% and 73.86% (P < 0.001 for all; Figure 3). At
24, 48 and 72 h after transfection, protein inhibition
ratios for the MIF si-1 group were 71.00%, 72.73% and
76.51%, respectively, and for the MIF si-2 group were
62.94%, 66.21% and 73.55%, compared with the
control (P < 0.001 for all; Figures 4-6).
Four days after transfection, the mean cell counts
in the MIF si-1 and si-2 groups were, respectively,
2.55 ± 0.13 times and 2.62 ± 0.15 times the original
counts, compared with 4.21 ± 0.32 times and 4.33
± 0.48 times, respectively, in the negative and mock
groups (Figure 7). Mean doubling times were 2.58
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DISCUSSION
MIF was highly expressed in gastric cancer compared
with in adjacent healthy tissue, and was associated
with poor differentiation, advanced disease and tumor
stages, lymph node metastasis, and poor overall
and disease-free survival. Moreover, the proliferation
of gastric cancer cells was inhibited by MIF RNA
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a
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a

a

26.32

Mock

23.26

21.82
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25.94

Gray value

20
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8.11

9.46
7.61

7.96

5.99

6.78

5
0

MIFsi-1

MIFsi-2

NC

MIFsi-1

MIFsi-2

NC

MIFsi-1

MIFsi-2

NC

24 h

24 h

24 h

48 h

48 h

48 h

72 h

72 h

72 h

Figure 3 Macrophage migration inhibitory factor mRNA expression in AGS cells. A: Electrophoresis with 2% agarose gel and real-time polymerase chain
reaction analysis show substantially reduced macrophage migration inhibitory factor (MIF) mRNA levels compared with the GAPDH internal control; B: Gray values
in AGS cells transfected with MIF small-interfering RNA pairs (si-1 or si-2) or scrambled small-interfering RNA (negative control). Results are representative of three
independent experiments for each AGS and MKN-45 cells. NC: Negative control.
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B

α-tubulin

MIF si-1

MIF si-2

NC

Mock

Gray value

MIF

a

a
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0

42.34
34.75

10.03

MIF si-1

12.88

MIF si-2

NC
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Figure 4 Macrophage migration inhibitory factor protein expression in AGS cells after 24 h of RNA interference. A: Western blot analysis showed that
macrophage migration inhibitory factor protein expression was decreased at 24 h after transfection of cells with small-interfering RNA, compared with α-tubulin control
(aP < 0.001); B: Corresponding gray values. Results are representative of three independent experiments for each AGS and MKN-45 cells. NC: Negative control.

interference. Our findings suggest that high expression
of MIF has an important role and is clinically relevant
in gastric cancer. Substantial MIF expression was also
observed in all five gastric cancer cell lines studied
(AGS, MKN-28, MKN-45, SGC-7901 and BCG-823).
[10]
He et al
found that MIF expression rates were
52.12%, 66.11% and 95.51% in mucosa samples
from patients with chronic antral gastritis, gastric
intestinal metaplasia, and gastric adenocarcinoma,
respectively, compared with 12.19% in normal mucosa
samples. Concentrations of MIF have been found to
[20]
raise in the sera of patients with gastric cancer . In
this study, overexpression of MIF protein in gastric
cancer tissues was significantly associated with poor

WJG|www.wjgnet.com

overall and disease-free survival. Cox’s multivariate
regression analysis showed that MIF expression,
clinical stage and large tumor size were independent
prognostic factors for patient survival. This finding
is supported by previous studies, which have shown
that MIF expression was related to poor prognosis and
poor survival in patients with primary nasopharyngeal
[19,21]
carcinoma or osteosarcoma
. However, in this
study expression did not differ significantly between
moderately to highly differentiated and poorly diff
erentiated adenocarcinoma, which is not consistent
[22]
with previous findings for neuroblastoma . Moreover,
[23]
Nabizadeh Marvast et al
recently showed that
MIF expression statistically has no correlation with
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Figure 5 Macrophage migration inhibitory factor protein expression in AGS cells after 48 h of RNA interference. A: Western blot analysis showed that
macrophage migration inhibitory factor (MIF) protein expression was decreased at 48 h after transfection of cells with small-interfering RNA, compared with α-tubulin
control (aP < 0.001); B: Corresponding gray values. Results are representative of three independent experiments for each AGS and MKN-45 cells. NC: Negative control.
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Figure 6 Macrophage migration inhibitory factor protein expression in AGS cells after 72 h of RNA interference. A: Western blot analysis showed that
macrophage migration inhibitory factor (MIF) protein expression was decreased at 72 h after transfection of cells with small-interfering RNA, compared with α-tubulin
control (P < 0.001); B: Corresponding gray values. Results are representative of three independent experiments for each AGS and MKN-45 cells. NC: Negative

study is needed to clarify relationships between MIF
expression and the degree of differentiation and tumor
progression in gastric cancer.
RNA interference is a tool to identify mechanisms
of action for target proteins and to assess therapeutic
potential for small-molecule therapy. The underlying
mechanism of RNA interference is unclear, but siRNA
might be a substrate for Dicer function; Dicer and
RNA-induced silencing complex work together to
[24]
complete the processing of siRNA . The results in our
experimental group showed that 27 bp siRNA targeting
MIF had excellent gene-silencing effects. Compared
with the levels observed in control cells, MIF expression
was significantly inhibited and detectable at both the
transcription and translation levels. The silencing effect
of MIF si-1 was slightly stronger than that of MIF si-2 at
24, 48 and 72 h. This finding suggests that MIF siRNAs
targeting these two sites could quickly, effectively and
specifically lower MIF expression. siRNAs of 21-23 bp
in length are reasonably specific and do not activate
the double-stranded-RNA-dependent protein kinase
pathway, and were thought to yield optimum RNA
interference. Various studies have shown, however,
that 27 bp siRNAs are more potent inducers of RNA
interference than 21 bp siRNAs, and are effective at
[25]
lower concentrations . The double-stranded-RNAdependent protein kinase pathway is not activated by
27 bp siRNAs and, therefore, they are of appropriate
length for knockdown of target genes.

The effect of MTT
5.00

MIF si-1

Multiples relative growth

4.50

MIF si-2

4.00

NC

3.50

Mock

3.00
2.50
2.00
1.50
1.00
0.50
0.00

1

2

3

4

Days after siRNA transfection

Figure 7 Effect of macrophage migration inhibitory factor silencing
on AGS cell proliferation. Results are representatives of mean ± SD for
three independent experiments for each AGS and MKN-45 cells. MTT:
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NC: Negative
control; siRNA: Small-interfering RNA.

histological subtype, distant metastasis, lymph node
involvement, tumor stage and grade in gastric cancer.
Although it is not consistent with our results, the
sample size in their report was smaller than that in our
present study, and their analysis for immunostaining
was qualitative, while our results for IHC were
based on semiquantitative analysis. Anyway, further
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Figure 9 Proliferating cell nuclear antigen protein expression in AGS
cells after 72 h of RNA interference with small-interfering RNA. A: Western
blot analysis showed that PCNA protein expression was substantially reduced
compared with that of the α-tubulin control (P < 0.001); B: Corresponding gray
values. Results are representative of three independent experiments for each
AGS and MKN-45 cells. NC: Negative control; PCNA: Proliferating cell nuclear
antigen.
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112.50

43.25

MIF si-2

NC

to promote proliferation of gastric cancer, and may
be a suitable molecular therapeutic target for gene
silencing or attenuation of MIF activity. In agreement
[28]
with our results, Dessein et al
found that MIF had a
role in the proliferation of established 5-FU-resistant
colon cancer cells. The underlying mechanism remains
elusive, but might be through promotion of the
proliferation of cancer stem cells.
Besides cell proliferation, MIF expression might
have a role in cancer cell apoptosis and tumor
angiogenesis, invasion and metastasis. High MIF
expression in human glioblastoma and melanoma
[29,30]
has been correlated with tumor angiogenesis
and has been suggested to enhance invasion and
metastasis in nasopharyngeal carcinoma and prostatic
[31,32]
adenocarcinoma
. That MIF high expression has
similar roles in gastric cancer progression seems
feasible, and supports the possibility that MIF silencing
could influence these characteristics. This hypothesis
and its underlying mechanisms remain to be clarified.
In summary, MIF is substantially expressed
in gastric cancer tissues and cell lines. High MIF
expression was associated with poor tumor diff
erentiation, advanced disease and tumor stages,
lymph node metastasis, and poor patient survival.
Thus, measurement of MIF expression has prognostic
value in patients with gastric cancer. The proliferation
of gastric cancer cells was inhibited by MIF knockdown,
which suggests that MIF could be a suitable target for
small-molecule therapy.

Mock

Figure 8 Colony formation of AGS cells in each group in clone plating
assay. A: Macrophage migration inhibitory factor (MIF) si-1 group; B:
MIF si-2 group; C: Negative control group; D: Mock group; E: Histogram
showing numbers of clones. Results are representative of three independent
experiments for each AGS and MKN-45 cells. NC: Negative control.

The slight differences in the silencing effects of MIF
si-1 and si-2 were probably because due to sequence
differences between target sites. Not all sites in siRNAs
play the same roles in the process of target sequence
[26]
recognition
and siRNAs targeting different sites in
the same gene sequence trigger different silencing
[27]
effects . In this study, MIF si-1 corresponded to the
MIF mRNA sequence initiated at base 384, whereas
MIF si-2 corresponded to that at base 94. Although
the paired siRNAs had good interference efficiencies,
the effect of MIF si-1 was slightly better than that of
MIF si-2. As expected, the scrambled siRNA negative
control did not trigger any silencing effect.
Cell growth was significantly inhibited after MIF
silencing by MTT assay. The inhibitory effect began
24 h after transfection and persisted during the 4 d
of observation, with the optimum effect seen at 48
h. The colony formation assay showed that gastric
cancer cell proliferation was also significantly inhibited.
Accordingly, PCNA expression decreased in gastric
cancer cells after transfection. MIF seems, therefore,
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COMMENTS
COMMENTS
Background

Migration inhibitory factor (MIF) is a pluripotent cytokine that can inhibit
macrophage migration in vitro and promote the accumulation of macrophages
in delayed skin hypersensitivity, which is highly expressed in a variety of
tumors. Previous study by He et al demonstrated that MIF knockout mice
are protected against Helicobacter pylori induced gastritis. Moreover, MIF
stimulates the proliferation of cancer cells, as well as inhibits the apoptosis of
cancer cells by paracrine pathway. These findings would imply that MIF might
play an essential role in the development of chronic inflammation and cancer,
and even carcinogenesis related to chronic inflammation.

6

7

Research frontiers

The authors investigated MIF expression and its clinical relevance in gastric
cancer, and effects of MIF knockdown on proliferation of gastric cancer cells.
MIF expression was assessed by immunohistochemistry in a tissue microarray
containing samples taken from 117 patients and its prognostic association was
analysed. After siRNA transfection, MIF mRNA was measured by real-time
PCR, MIF protein and proliferating cell nuclear antigen proliferating cell nuclear
antigen were assessed by Western blot analysis, and the MTT assay, colony
forming assay and cell counting were also performed.

8

9

Innovations and breakthroughs

10

This study demonstrates for the first time that MIF was highly expressed in
gastric cancer compared with in adjacent healthy tissue, and was associated
with poor differentiation, advanced disease and tumor stages, lymph node
metastasis, and poor overall and disease-free survival. Moreover, the
proliferation of gastric cancer cells was inhibited by MIF RNA interference.

11

Applications

Measurement of MIF expression has prognostic value in patients with
gastric cancer. The proliferation of gastric cancer cells was inhibited by MIF
knockdown, which suggests that MIF could be a suitable target for smallmolecule therapy.
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Terminology

Macrophage migration inhibitory factor is a multi-functional cytokine, which is
associated with inflammation and plays a significant role in tumorigenesis.
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Peer-review
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This study, consisting of clinical and experimental data, further explored the
role of MIF in gastric carcinogenesis. Whereas the clinical data confirmed the
previous findings, the experimental data in AGS cells using siRNAs provided
novel evidence that MIF plays a critical role in the development of gastric
cancer and MIF may be a potential therapeutic target.
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Abstract
AIM: To develop a practical and reproducible rat model
of hepatorenal syndrome for further study of the
pathophysiology of human hepatorenal syndrome.
METHODS: Sprague-Dawley rats were intravenously
injected with D-galactosamine and lipopolysaccharide
(LPS) via the tail vein to induce fulminant hepatic failure
to develop a model of hepatorenal syndrome. Liver and
kidney function tests and plasma cytokine levels were
measured after D-galactosamine/LPS administration,
and hepatic and renal pathology was studied.
Glomerular filtration rate was detected in conscious rats
using micro-osmotic pump technology with fluorescein
isothiocyanate-labelled inulin as a surrogate marker.
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RESULTS: Serum levels of biochemical indicators
including liver and kidney function indexes and
cytokines all significantly changed, especially at 12
h after D-galactosamine/LPS administration [alanine
aminotransferase, 3389.5 ± 499.5 IU/L; blood urea
nitrogen, 13.9 ± 1.3 mmol/L; Cr, 78.1 ± 2.9 µmol/L;
+
+
K , 6.1 ± 0.5 mmol/L; Na , 130.9 ± 1.9 mmol/L; Cl ,
90.2 ± 1.9 mmol/L; tumor necrosis factor-α, 1699.6
± 599.1 pg/mL; endothelin-1, 95.9 ± 25.9 pg/mL; P
< 0.05 compared with normal saline control group].
Hepatocyte necrosis was aggravated gradually, which
was most significant at 12 h after treatment with
D-galactosamine/LPS, and was characterized by massive
hepatocyte necrosis, while the structures of glomeruli,
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proximal and distal tubules were normal. Glomerular
filtration rate was significantly decreased to 30%-35%
of the control group at 12 h after D-galactosamine/LPS
administration [Glomerular filtration rate (GFR)1, 0.79 ±
-1
0.11 mL/min; GFR2, 3.58 ± 0.49 mL/min·kgBW ; GFR3,
-1
0.39 ± 0.99 mL/min·gKW ]. The decreasing timing
of GFR was consistent with that of the presence of
hepatocyte necrosis and liver and kidney dysfunction.

new targets for clinical prevention and treatment of
HRS, and reduce its morbidity and mortality.

MATERIALS AND METHODS
Materials

Animals: One hundred and ninety male SpragueDawley (SD) rats of SPF grade, weighing 220 ± 20 g,
were purchased form the Laboratory Animal Center of
Academy of Military Medical Sciences Of Chinese PLA
(certification number: SCXK-2007-0040). Before the
start of experiments, the rats were reared in separated
cages.

CONCLUSION: The joint use of D-galactosamine and
LPS can induce liver and kidney dysfunction and decline
of glomerular filtration rate in rats which is a successful
rat model of hepatorenal syndrome.
Key words: Hepatorenal syndrome; Animal model; Rat;
D-galactosamine; Lipopolysaccharide

Drugs and reagents: D-galactosamine (D-GalN),
lipopolysaccharide (LPS), and fluorescein isothiocyanate
(FITC) labelled inulin (FITC-inulin) were purchased
from Sigma. Alzet mini-osmotic pumps (model 2001)
were purchased from Durect. Regenerated cellulose
membrane dialysis tubing (MWCO1000) was purchased
from Union Carbide Corporation. Rat tumor necrosis
factor (TNF)-α and endothelin-1 (ET-1) detection kits
were obtained from R&D.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this article, D-galactosamine was injected
into SD rats via the caudal vein to establish a model
of hepatorenal syndrome (HRS). Twelve hours after
injection, serum level of tumor necrosis factor-alpha
was significantly elevated while the glomerular filtration
rate was significantly lowered. Hepatorenal function
became obviously abnormal. Pathological findings
showed massive necrosis of liver cells but normal
kidney structure. Our animal model provided a good
simulation of partial pathophysiological process of
human HRS.

Methods

Doses of D-GalN and LPS for animal modeling:
[12-15]
As previously described
, 30 male SD rats under
ether anesthesia were intravenously injected with 400
mg/kg D-GalN and 32 µg/kg LPS in normal saline via
the tail vein. Twenty-one rats died within 24 h of drug
delivery, and the survival rate at 24 h was 30%. Thus,
400 mg/kg and 32 µg/kg were considered toxic doses
of D-GalN and LPS for modeling, respectively.

Wang JB, Wang HT, Li LP, Yan YC, Wang W, Liu JY, Zhao
YT, Gao WS, Zhang MX. Development of a rat model of
D-galactosamine/lipopolysaccharide induced hepatorenal
syndrome. World J Gastroenterol 2015; 21(34): 9927-9935
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i34/9927.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i34.9927

Animal groups and treatments: One hundred and
forty male SD rats were randomly divided into a normal
saline control group (NS group), a D-GalN plus LPS
group (G/L group), a D-GalN group (G group), and an
LPS group (L group). Rats in the G/L group, G group and
L group were anaesthetized with 0.8% pentobarbital
sodium (40 mg/kg, intraperitoneal injection) 1, 3, 6, 9,
16, 12, and 24 h after drug delivery. The dead rats were
excluded from the experiment. Except that 10 rats each
at 12 and 16 h and 15 rats at 24 h were used in the
G/L group, 5 rats were used at other time points in the
G/L group and all time points in the other groups. Heart
blood samples were taken for biochemical indicator and
cytokine measurements. The abdominal cavity was
opened, and a tissue sample measuring about 1.0 cm
× 0.8 cm × 0.3 cm was taken from the right liver lobe
and fixed in 10% formalin, and another tissue sample
measuring 1 mm × 1 mm × 1 mm was taken from
the renal cortex and fixed in 2.5% glutaraldehyde. The
control group was intravenously injected with equal
volume of normal saline via the tail vein.

INTRODUCTION
Hepatorenal syndrome (HRS) is a condition consisting
of functional renal failure, progressive decline in
glomerular filtration rate (GFR), sodium retention,
azotemia and oliguria, and functional but not morpho
logical kidney dysfunction, which often develops in
[1-3]
patients with end-stage liver disease . Approximately
40%-80% of patients with end-stage liver disease,
such as late fulminant hepatitis, advanced liver
cirrhosis and liver malignant tumors, develop HRS in
[4,5]
the presence of liver decompensation . Due to the
[6-9]
lack of effective treatments , the mortality rate of
[10,11]
HRS is as high as 60%-80%
. Therefore, there is
an urgent need to develop a practical and reproducible
animal model of HRS that can simulate the pathological
process and biochemical changes of human HRS in
order to explore the pathophysiology of HRS, provide
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Serum biochemical indicator and cytokine
measurements: Blood samples were centrifuged, and
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Table 1 Serum levels of biochemical indicators and cytokines in rats of each group (mean ± SE)
Group
NS (n = 5)
G/L-1 h (n = 5)
G/L-3 h (n = 5)
G/L-6 h (n = 5)
G/L-9 h (n = 5)
G/L-12 h (n = 10)
G/L-16 h (n = 10)
G/L-24 h (n = 15)
G-12 h (n = 5)
L-12 h (n = 5)

ALT (IU/L)

BUN (mmol/L)

Cr (µmol/L)

37.1 ± 1.4
49.1 ± 2.4c
97.0 ± 19.7c
602.1 ± 188.7c
1858.1 ± 700.9a,c
3389.5 ± 499.5a
3895.5 ± 300.1a
3223.6 ± 466.1a
87.9 ± 15.9c
48.1 ± 6.3c

5.2 ± 0.7
9.3 ± 1.8a,c
9.9 ± 0.4a,c
10.5 ± 0.7a,c
10.0 ± 0.6a,c
13.9 ± 1.3a
12.3 ± 0.9a
8.8 ± 0.6a,c
7.9 ± 0.6a,c
8.1 ± 0.5a,c

71.3 ± 1.9
69.9 ± 2.6c
59.8 ± 1.7c
74.1 ± 1.6a
70.1 ± 1.3a,c
78.1 ± 2.9a
69.1 ± 3.0a
70.9 ± 1.9a
57.4 ± 1.8c
60.7 ± 1.0a,c

+

K (mmol/L)
5.0 ± 0.5
6.1 ± 0.7a
6.9 ± 0.6a
5.9 ± 0.6
5.7 ± 0.5
6.1 ± 0.5a
5.4 ± 0.4
5.8 ± 0.7
5.2 ± 0.5c
5.5 ± 0.4a,c

-

Cl (mmol/L)

+

Na (mmol/L) TNF-α (pg/mL) ET-1 (pg/mL)

103.4 ± 1.0
108.1 ± 2.1a,c
105.5 ± 1.5a,c
103.2 ± 2.0c
99.8 ± 1.4c
90.2 ± 1.9a
89.9 ± 1.3a
98.3 ± 1.5a,c
97.9 ± 1.4c
97.9 ± 1.9a,c

140.9 ± 1.5
146.0 ± 1.8a,c
147.4 ± 1.9a,c
145.9 ± 0.9c
140.5 ± 1.1c
130.9 ± 1.9a
141.5 ± 1.1a,c
142.0 ± 1.6c
142.1 ± 1.5c
140.9 ± 1.8c

67.5 ± 8.9
300.9 ± 78.5
219.3 ± 100.1
200.1 ± 56.2
611.6 ± 186.9
1699.1 ± 599.1a
765.3 ± 398.5
309.1 ± 92.9
78.3 ± 21.0c
48.9 ± 14.0c

15.9 ± 2.1
9.9 ± 1.8
12.5 ± 2.9
28.9 ± 7.1
50.1 ± 20.1
95.9 ± 25.9a
73.9 ± 20.6a
30.9 ± 8.1
21.5 ± 5.1c
21.9 ± 3.9c

a

P < 0.05 vs NS; cP < 0.05 vs GalN/LPS 12 h. D-GalN: D-galactosamine; LPS: Lipopolysaccharide; TNF-α: Tumor necrosis factor α; ET-1: Endothelin-1; G:
D-GalN; L: LPS; ALT: Alanine aminotransferase; BUN: Blood urea nitrogen.

500 µL of supernatants were used for liver and kidney
function detection. The remaining serum samples were
aliquoted and stored at -80  ℃ for measurement of
TNF-α and ET-1 using commercial ELISA kits according
to the manufacturer’s instructions.

fluorescence of the mixture was determined using
a fluorescence spectrophotometer, with excitation
wavelength set at 485 nm and emission wavelength at
538 nm.
[16,18]
GFR was measured as previously described
.
The equation GFR = R/[Iss] (where R is the pumping
velocity of FITC-inulin and [Iss] is the constant FITCinulin concentration in blood) was used to calculate
GFR for rats of all groups. The units of measure
-1
ments were as follows: GFR 1 (mL·min ); GFR 2
-1
-1
(mL·min ·kgBW ) = GFR1/BW [where BW is the
-1
-1
body weight (kg) of rats]; GFR3 (mL·min ·gKW )
= GFR1/KW [where KW is the weight (g) of the two
kidneys of rats].

Liver and kidney histopathology: Liver tissue was
paraffin embedded, fixed and cut into sections (4.0
µm). After conventional HE staining, the sections
were observed under a light microscope to evaluate
liver cell necrosis. Electron microscope samples were
routinely dehydrated, embedded, and prepared as
semi-thin sections. Following toluidine blue staining,
the sections were positioned under a light microscope.
After double staining with uranium acetate and lead
citrate, renal tissue ultrastructure was observed using
a JEOL JEM-1230 transmission electron microscope
and photographed.

Statistical analysis

SPSS 13.0 software was used for all statistical
analyses. Numerical data are expressed as the mean
± SE. Means following a normal distribution and
having homogeneity of variance were compared using
one-way analysis of variance among groups, otherwise
the rank-sum test was used. P-values < 0.05 were
considered statistically significant.

GFR determination: microosmotic pump implantation
[16,17]
was performed as previously described
. In brief,
24% FITC-inulin solution was dialyzed in 1000 mL
normal saline at room temperature for 24 h to make
the concentration decline to 8%. After sterilization
using a 0.22 µm syringe driven filter, the solution
was injected into microosmotic pumps according to
the manufacturer’s instructions, and the pumps were
soaked in normal saline for 4-6 h. The rats were
anesthetized with sodium pentobarbital, and a 0.5 cm
incision was made along the ventral midline under the
rib nest. Two microosmotic pumps with FITC-inulin
solution were implanted in the left and right sides of
the abdominal cavity, respectively. After suturing the
incision, the rats were reared in separated cages, and
the status of the rats was observed and body weight
measured daily.
For serum FITC-inulin determination, rats were
divided into an NS group, a G/L-12 h group, a G-12 h
group, and an L-12 h group. Seven days after pump
implantation, the animals were modeled as described
above. Blood samples were collected 12 h later and
centrifuged. For each 400 µL of supernatant, 100 µL of
0.5 mol/L HEPES buffer (pH 7.4) was added. The FITC
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RESULTS
General status and survival rate

Rats in the G/L group exhibited reduced food ingestion,
drinking and activity 6-8 h after drug delivery, slow
movements and reduced response to stimuli at 12 h,
and shortness of breath, disappearance of the ability
to resist capture, and slight limb tremors at 13-19 h.
The survival rate at 24 h for rats in the G/L group was
30%, and the mean survival duration was 18.2 ± 3.7 h.

Serum levels of biochemical indicators and cytokines

As shown in Table 1, alanine aminotransferase (ALT)
levels in the G/L group began to rise at 1 h after
treatment, significantly rose at 12 h, peaked at 16 h
(P = 0.000 vs NS), and began to fall at 24 h. blood
urea nitrogen and Cr levels in the G/L group began to
+
rise at 1 h and peaked at 12 h (P = 0.000 vs NS). K ,
+
Na and Cl concentrations in the G/L group showed
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obvious abnormalities at 12 h. Serum TNF-α and ET-1
levels peaked at 12 h in the G/L group (P = 0.003,
0.000 vs NS).

the mechanisms of development and progression of
HRS and use of multi-targeted combination treatment
are of great importance for reducing the morbidity
and mortality of HRS. The development of an animal
model with good stability and reproducibility is the
basis for these studies, and for this reason, we sought
to develop a rat model of HRS in this study.
LPS is a toxic component of the Gram-negative
[20,21]
(G ) bacterial cell wall, and D-GalN
can increase
[8,9]
the sensitivity of liver cells to LPS
and induce liver
cell apoptosis. Therefore, in the presence of low dose
LPS, D-GalN can cause liver cell necrosis and result
[22-24]
in FHF
as well as abnormally elevated serum
TNF-α. TNF-α is therefore considered to be a trigger
of the cascade of inflammatory mediators and be
[25-27]
closed related to the pathophysiology of FHF
.
In the present study, after rats were treated with
D-GalN plus LPS, liver and kidney damage was most
significant at 12 h after treatment and ALT was as
high as 3000-4000 IU/L. Renal damage was parallel
to the liver damage. Of note, potassium concentration
showed an obvious rise at 3 h after treatment,
which may be due to the renal tubular ion exchange
dysfunction in early renal damage.
HRS is characterized by a progressive decline in
[28]
GFR . Therefore, GFR is an important index for judging
whether an HRS model is developed successfully or
not. Clearance of inulin is the gold standard for GFR
estimation, and labelling of inulin with FITC allows for
detection of trace amounts of inulin and significantly
improves the detection sensitivity. In previous studies,
FITC-inulin has been used successfully to determine
[29,30]
GFR in rats under anesthesia
. There are two main
types of GFR detection: (1) determination of urinary
[31]
excretion rate of inulin ; and (2) determination
of inulin clearance rate based on plasma clearance
[32,33]
kinetics
. The present study adopted the urinary
excretion rate method (without need of urine collection)
to determine GFR as previously described by Qi et
[16]
al
This method requires the implantation of two
microosmotic pumps (Alzet microosmotic pump is an
one-time sterile pump with a volume of 200 ± 8 µL, a
pumping velocity of 1 µL/h, and a service life of 7 d) in
the abdominal cavity of rats, and they can continuously
to pump FITC-inulin solution into the abdominal cavity,
where it can enter into the bloodstream via peritoneal
absorption. On day 7 after pump implantation when
blood concentrations of inulin were stable, FITC
fluorescence was measured to calculate GFR using the
formula GFR = R/GFR (Iss) to ensure the accuracy of
results.
GFR reported in previous studies varied greatly, and
the present study calculated three different forms of
GFR, to exclude the possible influence of body weight
and kidney weight on GFR. GFR is a kinetic parameter
that changes along with the change of physiological
factors. The GFR for rats in the waking state was
only 60% of the GFR for the same group of rats

Gross morphological changes in the liver

Grossly, the liver of rats in the NS control group had a
normal morphology. The surface of the liver was fine
granular, the liver had a ruddy color, and the texture
was slightly tough. For rats in the G/L group, scattered
bleeding spots were visible on the liver surface at 6
h; the liver was congested, showed a deep red color
and had more bleeding spots at 9 h; at 16, 12, and
24 h, the liver showed a deep purple color, and had
significant congestion, swelling, and diffused bleeding
spots, and the section plane of the liver showed dark
red congestion or overflow of yellow chylous necrotic
fluid.

Histopathological changes of the liver and kidney

For rats in the NS group, hepatocytes were arranged
in chords under a light microscope, cell nuclei were
clearly visible, cell membrane was intact, and the
portal area and central veins were normal. For the G/L
group, hepatocytes around the central veins showed
focal necrosis and cell nuclei disappeared at 6 h; focal
hepatocyte necrosis around the central veins became
more significant and was fused together, and cell nuclei
dissolved and disappeared at 9 h; at 12 h, hepatocytes
showed massive necrosis, cords disappeared, fibrous
septa collapsed, and there were no degenerated
hepatocytes but there was massive red blood cell
infiltration; at 16 and 24 h, massive hemorrhagic
hepatic necrosis was visible (Figures 1 and 2).
Glomerular basement membrane was intact, and
the pedicles of podocytes could be clearly seen. The
base of cuboidal epithelial cells of the proximal and
distal tubules showed plasma membrane infolds, in
which mitochondria with intact cristae were visible. The
microvilli on the luminal surface of proximal tubules
were long and thick, while those on the luminal surface
of distal tubules were short and sparse (Figure 3).

GFR for rats in the NS, G/L-12 h, G-12 h and L-12 h
groups

GFR1, GFR2 and GFR3 in the G/L group decreased
most significantly compared with the NS group (P <
0.05), suggesting that GFR decreased significantly in
HRS. GFR in the G/L group also differed significantly
from those in the G and L groups (P < 0.05), which
excluded the possible effect of D-GalN and LPS on GFR
(Figure 4A-C).

DISCUSSION
The pathogenesis of HRS associated with fulminant
hepatic failure (FHF) is complex and remains
[19]
unclear . Because of the lack of effective treatments,
the mortality of HRS is high. Therefore, understanding
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A
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E

F

Figure 2 Histopathology of the liver (HE, × 200). A: In the NS group, hepatocytes were arranged in chords; B: In the GalN/LPS group at 6 h, focal necrosis
of hepatocytes was visible; C: In the GalN/LPS group at 12 h, massive hemorrhagic hepatic necrosis was visible; D: In the GalN/LPS group at 24 h, massive
hemorrhagic hepatic necrosis was visible; E: In the GalN group at 12 h, focal necrosis of hepatocytes was visible; F: In the LPS group at 12 h, hepatocytes began to
show necrosis, and incomplete necrosis was observed in some hepatocytes. D-GalN: D-galactosamine; LPS: Lipopolysaccharide; NS: Normalsaline.
[34]

under anesthesia . The present study determined
GFR in rats in the waking state to exclude the effect
of anesthesia. The results showed that GFR in the
necrosis group dropped to 33.4% of that in the normal
control group, suggesting that glomerular filtration
function is decreased obviously in HRS.
To rule out the influence of D-GalN and LPS on
liver and kidney function, we also ran a D-GalN
group and an LPS group as controls in addition to the
normal saline control group. We found that hepatocyte
necrosis progressed rapidly, and massive hemorrhagic
hepatic necrosis appeared at 12 h, which is similar to
pathological changes in human FHF, and the timing of
these changes is consistent with that of the presence
of liver and kidney dysfunction and GFR decline. In
contrast, the structures of glomeruli, proximal and
distal tubules for rats of all groups were normal, in line

WJG|www.wjgnet.com

with the characteristics of HRS, in which the kidneys
have only functional changes, but not morphological
changes.
TNF-α participates in a variety of pathophysiological
processes in humans and animals, and is the main
factor to cause severe liver disease. When HRS occurs,
blood TNF-α level is abnormally increased, which is
associated with urea nitrogen and creatinine levels.
Treatment with pentoxifylline (a synthetic TNF-α
inhibitor) can improve renal function and reduce the
[35,36]
occurrence of HRS
. ET-1 is a potent vasoactive
peptide, which can adjust the GFR and affect kidney
function by inducing the contraction of glomerular
mesangial cells and renal afferent arterial smooth
muscle cells. This study demonstrated that serum
TNF-α and ET-1 levels increased significantly in rats
with HRS, and the timing is consistent with that of

9932

September 14, 2015|Volume 21|Issue 34|

Wang JB et al . Development of a rat model of hepatorenal syndrome

A

A

3.0

c

c

2.0

-1

GFR (mL∙min )

2.5

1.5
a

1.0
0.5

LP
S-

12

h

Ga

Ga

lN
-

12

h
lN
/L
PS
-

12

NS

h

0.0

B

B
12

c

c

-1

GFR (mL∙min ∙kgBW )

10

-1

8

C

6
a
4
2

SLP

lN
Ga

PS
/L
Ga

lN

12

h
-1

2

h
-1

2

NS

h

0

C
1.6
1.4
c

1.2

c

-1

GFR (mL∙min ∙gKW )

Figure 3 Histopathology of the kidney. A: Glomeruli: Glomerular basement
membrane was intact, and the pedicles of podocytes and fenestrations on
endothelial cells could be clearly seen; B: Proximal tubules: The base of
cuboidal epithelial cells of proximal tubules showed many plasma membrane
infolds, in which many mitochondria with intact cristae were visible, and the
microvilli on the luminal surface of proximal tubules were long and thick;
C: Distal tubules: The base of cuboidal epithelial cells of distal tubules also
contained plasma membrane infolds, in which many mitochondria were visible.
The microvilli on the luminal surface of distal tubules were short and sparse.
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the presence of liver and kidney dysfunction and liver
pathological changes, suggesting that TNF-α and ET-1
play an important role in the pathogenesis of HRS.
In conclusion, the joint use of D-GalN and LPS can
successfully induce HRS in male SD rats. This model
is stable and easy to reproduce, and the induced
HRS has similar pathophysiology to human HRS and
can be used to study the pathogenesis of HRS and
screen drugs. The present study partially simulates the
pathophysiological process of human HRS in rats.
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Figure 4 Comparisons of glomerular filtration rate for rats in each group. A:
GFR1 (mL·min-1); B: GFR2 (mL·min-1·kgBW-1); C: GFR3 (mL·min-1·gKW-1). GFR1,
GFR2 and GFR3 decreased significantly in the GalN/LPS group compared with the
NS, GalN and LPS groups (aP < 0.05 vs NS; cP < 0.05 vs GalN/LPS-12 h). D-GalN:
D-galactosamine; LPS: Lipopolysaccharide; GFR: Glomerular filtration rate; NS:
Normalsaline.
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Background

Hepatorenal syndrome (HRS), usually occurs in patients with end-stage liver
disease, is a condition consisting of functional renal failure, progressive decline
in glomerular filtration rate (GFR), sodium retention, azotemia and oliguria,
and functional but not morphological kidney dysfunction. In the presence of
liver decompensation, HRS may occur in about 40%-80% of patients. Due to
lack of effective therapeutics, the mortality rate of HRS patients may reach
60%-80%. Therefore, an animal model of HRS is urgently needed to investigate
the pathogenic mechanism of human HRS, which will provide new targets for
clinical treatment.

7

8

9

Research frontiers

Currently, the mechanism of HRS remains unclear. Some studies considered
that tumor necrosis factor-alpha is the initiation factor of HRS. It causes high
expression of type I IP3R, renal vascular contraction, and decreases in GFR
by TNFR1/PC-PLC/PKCΧ signal transduction pathway. There are relevantly few
studies focusing on establishment of animal models and determination of GFR
by abdominal implantation of miniosmotic pumps is internationally advanced.

10

11

Innovations and breakthroughs

Determination of GFR by abdominal implantation of miniosmotic pumps is the
main innovative point in this article. In comparison with previous methods, this
technique was simple and operable, and there was no need to collect 24-h urine
samples. Meanwhile, the determination was performed without anaesthesia,
which avoided influences on the renal blood flow and GFR. Therefore, the result
was very close to that under normal conditions.

12

13

Applications

Further studies on the mechanisms of HRS using our animal model may
provide new targets for clinical treatments, so as to achieve early diagnosis and
multiple target inventions for HRS and decrease the morbidity and mortality
rates.

14

Peer-review

This is a very good study about D-galactosamine/lipopolysaccharide (LPS)
induced hepatorenal syndrome. The study is well designed. In this study,
the authors developed a practical and reproducible rat model of hepatorenal
syndrome for further study of the pathophysiology of human hepatorenal
syndrome. Rat models were intravenously injected with D-galactosamine and
LPS to induce fulminant hepatic failure, and develop a model of hepatorenal
syndrome. The results are interesting.
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Abstract

Animal care and use statement: The animal protocol was
designed to minimize pain or discomfort to the animals. The
animals were acclimatized to laboratory conditions (23 ℃, 12
h/12 h light/dark, 50% humidity, ad libitum access to food and
water) for two weeks prior to experimentation. All animals were
euthanized by barbiturate overdose (intravenous injection, 150
mg/kg pentobarbital sodium) for tissue collection.

AIM: To investigate the distribution and neurochemical
phenotype of endomorphin-2 (EM-2)-containing
neurons in the submucosal plexus of the rat colon.
METHODS: The mid-colons between the right and
left flexures were removed from rats, and transferred
into Kreb’s solution. For whole-mount preparations, the
mucosal, outer longitudinal muscle and inner circular
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muscle layers of the tissues were separated from the
submucosal layer attached to the submucosal plexus.
The whole-mount preparations from each rat mid-colon
were mounted onto seven gelatin-coated glass slides,
and processed for immunofluorescence histochemical
double-staining of EM-2 with calcitonin gene-related
peptide (CGRP), choline acetyltransferase (ChAT), nitric
oxide synthetase (NOS), neuron-specific enolase (NSE),
substance P (SP) and vasoactive intestinal peptide (VIP).
After staining, all the fluorescence-labeled sections were
observed with a confocal laser scanning microscope.
To estimate the extent of the co-localization of EM-2
with CGRP, ChAT, NOS, NSE, SP and VIP, ganglia, which
have a clear boundary and neuronal cell outline, were
randomly selected from each specimen for this analysis.

Li JP, Zhang T, Gao CJ, Kou ZZ, Jiao XW, Zhang LX, Wu ZY,
He ZY, Li YQ. Neurochemical features of endomorphin-2containing neurons in the submucosal plexus of the rat colon.
World J Gastroenterol 2015; 21(34): 9936-9944 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i34/9936.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i34.9936

INTRODUCTION
It is well known that morphine is a selective exogenous
agonist of the μ-opioid receptor (MOR) and is a widely
used analgesic drug in the clinic. Unfortunately,
morphine can cause gastrointestinal disorders, such
as constipation, nausea and emesis, when used for
[1-4]
a long period of time . To explore the mechanism
of the gastrointestinal disorders caused by morphine
and endogenous opioid peptides, pharmacological
and morphological studies have been performed in
the gastrointestinal tract; however, the regulatory
mechanisms of morphine and endogenous opioid
peptides relating to gastrointestinal activity remain
unclear.
The results of many previous studies have shown
that there are at least three types of opioid receptors,
i.e., MORs, δ-opioid receptors (DORs) and κ-opioid
receptors (KORs), and the endogenous ligands
of these receptors, including endomorphin (EM),
enkephalin and dynorphin, are widely distributed in
[5-8]
the gastrointestinal tract . In the gastrointestinal
tract, MOR immunoreactivity is the most abundant
compared to other opioid receptors, particularly in
[1,9,10]
the colon
. After the MOR was knocked out in
the mouse, the effects of both MOR agonists and
DOR or KOR agonists on gastrointestinal disorders
[11]
nearly disappeared . Endomorphin-1 (EM-1) and
endomorphin-2 (EM-2), two endogenous ligands for the
[12]
MOR, selectively bind to the MOR with high affinity .
The distribution of EM-immunoreactive (IR) structures
[13]
is generally similar to that of the MOR in the nervous
[14]
system, including the myenteric plexus , but not the
[14,15]
submucosal plexus
of the enteric nervous system
(ENS). Exploring the distribution and chemical nature
of the EM-IR structures in the submucosal plexus is
fundamental to clarifying the regulatory mechanisms of
morphine and opioid peptides. In our previous study,
we reported that only EM-2-containing neurons, but
not EM-1-IR neurons, were present in the submucosal
plexus of the rat colon. Therefore, we examined the
distribution patterns and neurochemical phenotypes of
submucosal EM-2-containing neurons in the rat colon
with immunofluorescence histochemical staining of
whole-mount preparations of the rat mid-colon.

RESULTS: In the submucosal plexus of the mid-colon,
many EM-2-immunoreactive (IR) and NSE-IR neuronal
cell bodies were found in the submucosal plexus of
the rat mid-colon. Approximately 6 ± 4.2 EM-2-IR
neurons aggregated within each ganglion and a few
EM-2-IR neurons were also found outside the ganglia.
The EM-2-IR neurons were also immunopositive for
ChAT, SP, VIP or NOS. EM-2-IR nerve fibers coursed
near ChAT-IR neurons, and some of these fibers were
even distributed around ChAT-IR neuronal cell bodies.
Some EM-2-IR neuronal cell bodies were surrounded
by SP-IR nerve fibers, but many long processes
connecting adjacent ganglia were negative for EM-2
immunostaining. Long VIP-IR processes with many
branches coursed through the ganglia and surrounded
the EM-2-IR neurons. The percentages of the EM-2IR neurons that were also positive for ChAT, SP, VIP or
NOS were approximately 91% ± 2.6%, 36% ± 2.4%,
44% ± 2.5% and 44% ± 4.7%, respectively, but EM-2
did not co-localize with CGRP.
CONCLUSION: EM-2-IR neurons are present in the
submucosal plexus of the rat colon and express distinct
neurochemical markers.
Key words: Endomorphin-2; Submucosal plexus; Enteric
neuron; Colon; μ-opioid receptor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous studies have showed that morphine
can cause gastrointestinal disorders via μ-opioid
receptor (MOR). However, the regulatory mechanisms of
MOR relating to gastrointestinal activity remain unclear.
Endomorphin-2 (EM-2) is the endogenous ligand for
the MOR. The distribution of EM-immunoreactive (IR)
structures is generally similar to that of the MOR in
the nervous system, but not the submucosal plexus of
the enteric nervous system. This study demonstrates
for the first time that EM-2-IR neurons are present in
the submucosal plexus of the rat colon, and EM-2 colocalized with several neurochemical makers in distinct
populations of submucosal neurons.
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MATERIALS AND METHODS
Experimental procedures

Male Sprague-Dawley rats, weighing 220-250 g, were
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provided by the Experimental Animal Center of the
Fourth Military Medical University (Xi’an, China). All
the protocols described below were approved by the
Committee of Animal Use for Research and Education
of the Fourth Military Medical University. In accordance
with the ethical guidelines for animal research, all
efforts were made to minimize the number of animals
[16]
used and the suffering of animals .

against SP (MAB356, 1:500; Chemicon), mouse
antiserum against VIP (SC-25347, 1:200; Santa Cruz
Biotechnology, Santa Cruz, CA, United States), mouse
antiserum against NOS (N2280, 1:2000; Sigma, Saint
Louis, MO, United States) or goat antiserum against
CGRP (ab36001, 1:200; Abcam, Cambridge, United
Kingdom) in 0.01 M phosphate-buffered saline (PBS,
pH 7.4) containing 5% (v/v) normal goat serum (NGS),
0.3% (v/v) Triton X-100, 0.05% (w/v) NaN3 and 0.25%
(w/v) carrageenan (PBS-NGS, pH 7.4) for 72 hr at
4 ℃; (2) The respective mixture of biotinylated donkey
anti-rabbit IgG (BA-1000, 1:200; Vector, Burlingame,
CA, United States) to stain EM-2 and Alexa
594-labeled donkey anti-mouse IgG (A21203, 1:500;
Invitrogen, Eugene, OR, United States) for NSE, VIP
and NOS staining, Alexa 594-labeled donkey anti-goat
IgG (A-11058, 1:500; Invitrogen) for ChAT and CGRP
staining, or Cy3-labeled donkey anti-rat IgG (AP189C,
1:200; Chemicon) for SP staining in PBS-NGS for 4
hr at 4 ℃; and (3) Fluorescein isothiocyanate (FITC)labeled avidin D (A-2001, 1:1000; Vector) in PBS
containing 0.3% Triton X-100 (PBS-X, pH 7.4) for 4 h
at room temperature.
The sections were cover-slipped with 0.01 M
PBS containing 50% (v/v) glycerin and 2.5% (w/v)
triethylene diamine (an anti-fading reagent).

Tissue collection

After the rats (n = 7) were anesthetized with ether,
their abdominal cavities were opened, and the midcolons between the right and left flexures were
removed and stored in iced Kreb’s solution containing
the following (in mmol/L): 115.5 NaCl, 4.16 KCl, 1.16
NaH2PO4, 21.9 NaHCO3, 11.1 glucose, 1.16 MgSO4
and 2.5 CaCl2. Thereafter, colonic segments were
immersed in Kreb’s solution at room temperature after
rinsing. Finally, the mesentery was trimmed.

Organotypic culture

The dissected mid-colons were transferred into Kreb’
s solution containing 50 mg/mL gentamicin, 2.5 mg/
mL amphotericin B, 10% fetal bovine serum, and 4
mmol/L nicardipine and bubbled with 95% O2 and 5%
CO2 at 37 ℃ for 2 h, followed by incubation for 5 to 6 h
in the same medium with 1% colchicine added to the
mixed medium to enhance EM-2 immunoreactivities in
the neuronal somata. Thereafter, the intestinal lumen
was distended with a fixative solution containing 4%
paraformaldehyde in 0.1 mol/L phosphate buffer
(pH 7.4). The tissues were immersed into the same
fixative for 6 to 8 h at 4 ℃ and were then opened
longitudinally.

Control test

The rabbit antiserum against EM-2 was prepared
against a full-length synthetic peptide (Tyr-Pro-PhePhe-NH2) from EM-2 conjugated to bovine serum
albumin (BSA). We tested the specificity of the
antibody by incubating it with either 2 μmol/L EM-2 or
[17,18]
2 μmol/L EM-1 peptide, as previously described
.
Normal mouse serum was used to confirm the
specificities of the mouse antibodies against NSE,
VIP and NOS. Using replacement tests, normal goat
serum was used to confirm the specificities of the
goat antibodies against ChAT and CGRP, and normal
rat serum were used to confirm the specificity of the
rat antibody against SP. In the present study, when
the anti-EM-2 antibody was pre-absorbed with either
synthetic homologous or heterologous peptides and
normal mouse, goat and rat sera were used to replace
the mouse, goat and rat antibodies against NSE,
VIP and NOS, ChAT and CGRP, and SP, respectively,
there was no immunopositive staining observed in
the sample preparations. The antibodies were thus
considered to be specific and reliable (data not shown).

Tissue preparation

For whole-mount preparations, the mucosal, outer
longitudinal muscle and inner circular muscle layers of
the tissues were separated from the submucosal layer
attached to the submucosal plexus. The whole-mount
preparations from each rat mid-colon were mounted
onto seven gelatin-coated glass slides.

Immunofluorescence histochemical double-staining

The whole-mount sections (n = 7) obtained from 7
male rats were processed for immunofluorescence
histochemical double-staining of EM-2 with calcitonin
gene-related peptide (CGRP), choline acetyltransferase
(ChAT), nitric oxide synthetase (NOS), neuron-specific
enolase (NSE), substance P (SP) and vasoactive
intestinal peptide (VIP). The immunofluorescence
histochemical double-staining was performed by
incubating the slides with the following solutions: (1)
The respective mixture of rabbit antiserum against
EM-2 (AB5104, 1:200; Chemicon, Billerica, MA,
United States) with mouse antiserum against NSE
(MAB314, 1:200; Chemicon), goat antiserum against
ChAT (IHCR1008-6, 1:500; Chemicon), rat antiserum

WJG|www.wjgnet.com

Cell quantification

After staining, all the fluorescence-labeled sections
were observed with a confocal laser scanning
microscope (Olympus FV1000; Tokyo, Japan) equipped
with the appropriate filters for FITC (excitation 490
nm; emission 520 nm), Alexa 594 (excitation 590
nm; emission 617 nm) and Cy5 (excitation 650 nm;
emission 667 nm). To estimate the extent of the co-
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A

B

C

Figure 1 Immunofluorescence histochemical double-staining of the whole-mount sections of the rat mid-colon. The distributions of endomorphin-2immunoreactive (IR) neurons (A), neuron-specific enolase (NSE)-IR neurons (B) and EM-2/NSE co-localized neurons (C) in the submucosal layer. Arrows point to the
representative neurons containing both EM-2- and NSE-IR products. Scale bar = 45 μm.

neuronal cell bodies that expressed both markers.

Table 1 Percentages of submucosal neurons with the colocalization of endomorphin-2 and various markers
Marker pair

Submucosal
Double-labeled
ganglion neurons
neurons
(n 1 and n 2,
(n , mean ± SD)
mean ± SD)

CGRP/EM-2
ChAT/EM-2

1.58 ± 1.4 and
5.0 ± 1.1
6.0 ± 2.4 and
3.5 ± 1.6

0
3.2 ± 1.2

NOS/EM-2

2.3 ± 1.1 and
5.2 ± 1.4

2.3 ± 1.1

NSE/EM-2

6.2 ± 3.7 and
4.2 ± 2.9

4.2 ± 2.9

SP/EM-2

2.4 ± 1.0 and
5.0 ± 1.2

1.8 ± 0.6

VIP/EM-2

1.5 ± 0.5 and
5.0 ± 1.3

1.5 ± 0.5

Statistical analysis

The results are expressed as the mean ± SD.

Percentage (%)
(mean ± SE)

RESULTS

CGRP of EM-2 (n/n2)
0
ChAT of EM-2
(n/n2) 91 ± 2.6
EM-2 of ChAT
(n/n1) 53 ± 2.8
NOS of EM-2 (n/n2)
44 ± 4.7
EM-2 of NOS (n/n1)
100.0
NSE of EM-2 (n/n2)
100.0
EM-2 of NSE (n/n1)
68 ± 1.5
SP of EM-2 (n/n2)
36 ± 2.4
EM-2 of SP (n/n1)
75 ± 3.4
VIP of EM-2 (n/n2)
30 ± 2.5
EM-2 of VIP (n/n1)
100.0

Distribution of EM-2-IR neurons in the submucosal
plexus of the rat colon

In the present study, many EM-2-IR and NSE-IR
neuronal cell bodies were found in the submucosal
plexus of the rat mid-colon (Figure 1). The EM-2-IR
proteins were localized predominantly in the cytoplasm
of the neuronal cell bodies. The EM-2-IR neuronal cell
bodies commonly had an oval-shaped cell body with
several thick processes protruding from the soma and
a long process, which could extend up to 95 μm or
considerably longer (Figure 1A). The average length and
width of the EM-2-IR neuronal cell bodies were 34.6 ±
9.8 μm and 16.5 ± 5.2 μm, respectively. The antiserum
against NSE labeled all the neuronal components,
including neuronal cell bodies and varicose and nonvaricose nerve fibers (Figure 1B). In the submucosal
layer, the ganglia were quite dispersed. The relative
quantification of the number of perikarya expressing
EM-2 was estimated by counting the number of positive
cells per ganglion in the colonic submucosal layer.
Approximately 6 ± 4.2 EM-2-IR neurons aggregated
within each ganglion, and a few EM-2-IR neurons
were also found outside the ganglia (Figure 1C). The
results of the immunofluorescence histochemical
double-staining revealed that nearly all of the EM-2-IR
neurons also contained NSE-immunopositive products
in their neuronal cell bodies (Figure 1C). However, only
approximately 68% ± 1.5% of the NSE-IR neuronal
cell bodies had EM-2-immunopositive staining in the
submucosal ganglia (Table 1). Some of the long EM2-IR processes with or without varicosities connecting
adjacent ganglia formed a nerve fiber network between
each ganglion. These results indicated that all the EM2-IR cells were neurons and that approximately 2/3 of

VIP: Vasoactive intestinal peptide; EM-2: Endomorphin-2; SP: Substance
P; NSE: Neuron-specific enolase; NOS: Nitric oxide synthetase; CGRP:
Calcitonin gene-related peptide; ChAT: Choline acetyltransferase.

localization of EM-2 with CGRP, ChAT, NOS, NSE, SP
and VIP, 6 sets of representative whole-mount sections
from the mid-colons were selected (n = 6). Ganglia,
which have a clear boundary and neuronal cell outline,
were randomly selected from each specimen for this
analysis. In each specimen, approximately 6-7 ganglia
were selected to quantify the neuronal cells, and the
total number of ganglia was approximately 35 in each
set. Within each ganglion in the submucosal plexus,
we counted the number of EM-2-IR neuronal cell
bodies, the number of neuronal cell bodies labeled with
the other markers, and the number and percentage of
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A

B

C

D

E

F

Figure 2 Immunofluorescence histochemical double-staining of the whole-mount sections of the rat mid-colon. A and D: Distributions of endomorphin-2 (EM2)-immunoreactive (IR) neurons; B and E: Choline acetyltransferase (ChAT)-IR neurons (B) and substance P (SP)-IR neurons (E) in the submucosal layer; C and F:
Merged images of (A, B) and (D, E). Arrows point to neurons bearing EM-2 and containing ChAT or SP. Scale bar = 45 μm.

the total number of neuronal cell bodies in the ganglia
contained EM-2.

The NOS-IR neurons were peripherally located in the
submucosal ganglia. NOS-IR processes were only
labeled at their origin and could not be followed over
a long distance (Figure 3B and E). In the submucosal
plexus, the percentages of the EM-2-IR neurons that
were also positive for ChAT, SP, VIP or NOS were
approximately 91% ± 2.6%, 36% ± 2.4%, 44% ±
2.5% and 44% ± 4.7%, respectively (Table 1). In
contrast, EM-2 was detected in ChAT-, SP- and VIPIR neurons in 53% ± 2.8%, 75% ± 3.4% and 73.3%
± 2.6% of the cells, respectively, and all the NOS-IR
neurons co-localized with EM-2-immunoreactivities
(Table 1).
The co-localization of EM-2 and CGRP was not
found in submucosal neurons, but CGRP-IR nerve
fibers were observed to make close contacts with the
EM-2-IR neuronal cell bodies and the large processes
of these cells (Figure 4).
After the antiserum against EM-2 was pre-absorbed
with synthetic homologous or heterologous peptides,
there was no positive EM-2-IR immunostaining
observed in the submucosal layer (Figure 5B).

Co-localization of EM-2 with cytochemical markers
within submucosal neurons

The co-localization of EM-2 with ChAT, SP, VIP, NOS and
CGRP in submucosal neurons was investigated. ChAT
immunoreactivities were localized predominantly in
the neuronal soma. EM-2-IR nerve fibers coursed near
ChAT-IR neurons, and some of these fibers were even
distributed around ChAT-IR neuronal cell bodies (Figure
2B and E). A few EM-2-IR neuronal cell bodies were
surrounded by ChAT-IR nerve fibers and terminals. SPIR neurons exhibited a slightly round or oval-shaped
neuronal cell body with one long process and several
short and lamellar processes around the somata.
Some EM-2-IR neuronal cell bodies were surrounded
by SP-IR nerve fibers, but many long processes
connecting adjacent ganglia were negative for EM-2
immunostaining (Figure 2A and D). In the submucosal
layer, a few VIP-IR neuronal cell bodies were labeled.
VIP-containing neurons had a slightly oval-shaped
neuronal cell body with several short and lamellar
processes as well as one long process around their
somata. Long VIP-IR processes with many branches
coursed through the ganglia and surrounded the EM-2IR neurons (Figure 3A and D). The anti-NOS antibody
staining revealed homogeneous immunoreactivity
of the neuronal cell bodies without nuclear labeling.

WJG|www.wjgnet.com

DISCUSSION
In the gastrointestinal tract, submucosal neurons
principally control the mucosal absorption and
[19-21]
secretion of water and electrolytes
. To meet the
needs of digestion, submucosal neurons provide a
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Figure 3 Immunofluorescence histochemical double-staining of the whole-mount sections of the rat mid-colon. A and D: The endomorphin-2 (EM-2)immunoreactive (IR) neurons; B and E: Vasoactive intestinal peptide (VIP)-IR neurons (B) and nitric oxide synthetase (NOS)-IR neurons (E) in the submucosal layer;
C and F: Merged images of (A, B) and (D, E). Arrows point to neurons containing both EM-2 and VIP or NOS. Scale bar = 45 μm.

A

B

C

Figure 4 Immunofluorescence histochemical double-staining of the whole-mount sections of the rat mid-colon. A and B: Distributions of endomorphin-2
-immunoreactive (IR) neurons (A) and calcitonin gene-related peptide-IR neurons (B) in the submucosal layer; C: Merged images of (A) and (B). Scale bar = 45 μm.

precise and complex regulation of epithelial function
and blood flow, such that the absorption and secretion
[22]
of water and electrolytes maintain a balance .
Previously, the general explanation for the constipating
effect of opioids was that opioids suppress propulsive
motility and gastrointestinal transit, thereby extending
the time of water and electrolyte absorption. However,
this explanation is currently not fully accepted because
opioids can modulate both gastrointestinal motility
and mucosal secretion as well as water/electrolyte
[8,23-25]
metabolism
.
In the colon, MOR-IR products are found in
neurochemically distinct classes of enteric neurons,

WJG|www.wjgnet.com

and the proportion of MOR-labeled perikarya in the
submucosal plexus is more abundant than that in
[15,26,27]
the myenteric plexus
. MOR agonists can inhibit
colon water and electrolyte secretion, which can
contribute to opioid-induced constipation. Submucosal
[28]
secretomotor neurons release acetylcholine and VIP ,
which can activate epithelial cell chloride channels
via muscarinic and VIP receptors on the basolateral
surface of enterocytes. Chloride moves from the
enterocyte cytoplasm into the gut lumen, and H2O
follows the chloride via an osmotic mechanism. The
MOR on secretomotor neurons is activated by opioid
drugs and suppresses acetylcholine and VIP release,
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sites has revealed that the MOR is also expressed by
nerve terminals in the mucosal layers, as well as in the
[10,26]
submucosal plexus, of the gastrointestinal tract
,
and MOR activation inhibits acetylcholine and VIP
release in submucosal neurons of the rat colon and cat
[32,36,39]
intestine
. Based on the results of these studies,
we speculated that the EM-2 released by submucosal
neurons may modulate the mucosal absorption and
secretion of water and electrolytes via secretomotor
[29,30]
neurons
. Functional and electrophysiological
studies provide evidence to support our hypothesis.
Functional data obtained from rat intestines suggest
that the MOR participates in the regulation of fluid
[40]
and electrolyte transport . In addition, ChAT and
SP also transmit sensory information of the intestinal
[20,38,41]
lumen
. The present results have demonstrated
that some EM-2-IR neurons are surrounded by SPand ChAT-IR nerve fibers. These nerve fibers may be
primary afferent fibers originating from neurons in the
submucosal ganglia.
EM-2 is also co-localized with NO in the perikarya
of submucosal neurons. NO has been found in
interneurons or inhibitory neurons in the submucosal
plexus, and has been shown to participate in modulating
[38]
the circular muscle . The MOR is expressed by enteric
neurons, but not on smooth muscle membranes
[42,43]
of the rat intestine
. EM-2-IR neurons may also
modulate the contraction of circular muscle similar to
interneurons. However, the EM-2-IR neurons did not
co-localize with CGRP, a marker for primary afferent
[44,45]
neurons in the rat colon
, but the CGRP-IR nerve
fibers surrounded these EM-2-IR neurons, indicating
that the EM-2-IR neurons may be regulated by CGRP.
In addition, MOR proteins have also been observed on
[10,26]
nerve fibers surrounding blood vessels
. This result
leads to the hypothesis that EM-2 is involved in the
regulation of blood flow via nerve ending mechanisms,
particularly in the submucosal and mucosal layers.
In conclusion, EM-2-IR neurons are present in
the submucosal plexus of the rat colon, and EM-2
co-localized with several neurochemical makers in
distinct populations of submucosal neurons. Therefore,
EM-2 may mediate the secretory response of the rat
colon via secretomotor neurons, which endogenously
express the specific opioid receptor, MOR.

A

B

Figure 5 Fluorescent micrographs exhibiting the results of endomorphin2-immunohistochemical staining before (A) and after antiserum against
endomorphin-2 was pre-absorbed with synthetic homologous or
heterologous peptides (B) in the submucosal layer of the whole-mount
sections of the rat mid-colon. Scale bar = 45 μm.

resulting in a decrease in chloride secretion and
[29,30]
osmotic water movement
. However, to date, the
source of the endogenous ligand of the MOR in the
gastrointestinal tract has remained unclear.
In the present study, EM-2-IR cells were found
in the submucosal layer of the rat mid-colon, and
all the EM-2-IR cells co-localized with the general
neuronal marker NSE, which labeled all the neuronal
[31]
components . This result confirmed that the EM-2-IR
cells were enteric neurons, which account for a large
proportion of submucosal neurons. EM-2-IR neurons,
similar to cells found in the myenteric plexus of the
colon, usually exhibit a round or oval cell body with
short and thick dendrites protruding from the stomata
[14]
and a long axonal process .
The present double-staining results indicated
that EM-2 co-localized with ChAT, SP or VIP in the
perikarya of submucosal neurons. The EM-2-IR nerve
fibers coursed near ChAT-IR neurons, and some of
these fibers even surrounded ChAT-IR neuronal cell
bodies. In the submucosal plexus, approximately half
of the neurons expressing ChAT are secretomotor
[32-35]
neurons to epithelial cells
. Similarly, VIP and
SP are also predominantly located in secretomotor
[20,28,35-38]
neurons
. Acetylcholine and VIP are released by
[25]
secretomotor neurons at neuroepithelial junctions .
An autoradiographic localization of the MOR binding
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nervous system, but not the submucosal plexus of the enteric nervous system
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(ENS).

10

Research frontiers

The authors aimed to explore the distribution and chemical nature of the EMIR structures in the submucosal plexus to clarify the regulatory mechanisms of
MOR.

11

Innovations and breakthroughs

This study demonstrates for the first time that EM-2-IR neurons are present
in the submucosal plexus of the rat colon, and EM-2 co-localized with several
neurochemical makers in distinct populations of submucosal neurons.

12
13

Applications

The authors hypothesize that EM-2 may mediate the secretory response of the
rat colon via secretomotor neurons, which endogenously express the specific
opioid receptor, MOR.

14

Terminology

The ENS is an intrinsic neuronal network within the gut wall, extending over the
entire length of the gastrointestinal tract. The ENS is responsible for the intrinsic
control and coordination of motility, blood flow and secretion to support normal
digestion. It consists of two ganglionated plexuses: the submucosal plexus is
located near the luminal side between the mucosa and circular muscle layer,
and the myenteric plexus is embedded between the outer longitudinal and inner
circular muscle layer of the intestine.

15

16
17

Peer-review

This is a good descriptive study in which the authors explored the distribution
and chemical nature of the EM-IR structures in the submucosal plexus. To
clarify the regulatory mechanisms of MOR, it provides the morphological
foundation.

18
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Abstract
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AIM: To explore the potential of β-elemene as a
radiosensitizer for gastric cancer cells and the underlying
mechanisms.

Biostatistics statement: The statistical methods of this study
were reviewed by Prof. Shao-Nong Dang from Department of
Epidemiology and Health Statistics, School of Public Health, Xi’
an Jiaotong University.

METHODS: SGC7901, MKN45, MKN28, N87, and AGS
human gastric cancer cell lines were used to screen for
radioresistant gastric cancer cell lines. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay was
used to determine the effects of β-elemene and IPA-3
on cell viability in MKN45 and SGC7901 gastric cancer
cell lines. A clonogenic survival assay and annexin
V-FITC/PI apoptosis detection assay were used to
evaluate cellular radiosensitivity and radiation-induced
cell death, respectively. A proteomic method, isobaric
tags for relative and absolute quantitation (iTRAQ),
was employed to screen the proteins regulated by
β-elemene pretreatment prior to ionizing radiation (IR)
in SGC7901 gastric cancer cell line. IPA-3 was used as a
specific small molecule inhibitor of p21-activated protein
kinase 1 (Pak1) to target Pak1 signaling. Protein levels
of PAK1IP1 (p21-activated protein kinase-interacting
protein 1), total Pak1 (t-Pak1), phospho-Pak1 (T423),
phospho-ERK1/2 (Thr202/Tyr204), and cleaved
caspase-3 (17 kDa) were assessed by western blotting.
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RESULTS: MKN45 and SGC7901 gastric cancer cell
lines were relatively more resistant to IR. β-elemene
pretreatment decreased clonogenic survival following
IR in MKN45 and SGC7901 gastric cancer cell lines.
Additionally, β-elemene pretreatment prior to IR
increased radiation-induced cell death compared with IR
alone in MKN45 (10.4% ± 0.9% vs 34.8% ± 2.8%, p <
0.05) and SGC7901 (11.6% ± 0.9% vs 46.7% ± 5.2%,
p < 0.05) human gastric cancer cell lines, respectively,
consistent with the level of cleaved caspase-3 (17 kDa).
Through iTRAQ analysis and western blot validation,
we found that β-elemene upregulated PAK1IP1 and
downregulated phospho-Pak1 (T423) and phosphoERK1/2 in SGC7901 gastric cancer cells. IR increased
the level of phospho-Pak1 (T423). Pretreatment with
β-elemene decreased radiation-induced Pak1 and
ERK1/2 phosphorylation. Inhibition of Pak1 using
IPA-3 decreased clonogenic survival following IR. In
addition, IPA-3 increased radiation-induced cell death
in MKN45 (13.4% ± 0.3% vs 26.6% ± 1.0%, p < 0.05)
and SGC7901 (16.0% ± 0.6% vs 37.3% ± 1.7%, p <
0.05) gastric cancer cell lines, respectively, consistent
with the level of cleaved caspase-3 (17 kDa). Western
blotting showed that IPA-3 decreased radiation-induced
Pak1 and ERK1/2 phosphorylation.

INTRODUCTION
[1]

Gastric cancer is a malignancy with a high incidence ,
and its prognosis remains unfavorable in most part of
[2-4]
the world . Since the publication of INT0116 study in
[5]
2001 , accumulated evidence has demonstrated the
efficacy of adjuvant chemoradiotherapy for promoting
survival and local control in gastric cancer patients,
and radiotherapy (RT) has a recognized role in the
management of advanced gastric cancers with high
[6-8]
risk
. However, radioresistance, as well as acute
and late toxicity such as late renal toxicity, endocrine
pancreatic insufficiency, and a reduction in quality
of life resulting from RT, have limited the use of RT
[9-12]
in clinical practice
. Therefore, it is urgent and
necessary to search for an effective radiosensitizer to
improve the efficacy of RT and to reduce its toxicity in
tissues and organs surrounding the radiation field.
The radiosensitivity of cancer cells depends on
several aspects, such as apoptosis sensitivity, cell cycle
distribution of irradiated cells, the levels of various
oncogenes or cancer suppressor genes, the repair of
sublethal DNA damage, and the signaling pathways
[13-15]
altered by ionizing radiation (IR)
. In recent studies,
p21-activated protein kinase 1 (Pak1) has been found to
be a new molecule that closely relates to the radiation
response in cancer cells. Pak1 belongs to a serine/
threonine kinase family comprising 6 isoforms (Pak1-6)
which regulate diverse cellular behaviors, including
proliferation, survival, invasiveness, metastasis,
[16,17]
and transcription in cancer
. The kinase activity
and catalytic function of Pak1 are regulated through
phosphorylation of multiple amino acid residues, of
which threonine 423 (T423) is a critical determinant for
[18]
its complete activated state . Numerous studies have
shown that Pak1 and other Pak family members are
overexpressed or hyperactivated in a broad spectrum
of cancers, and perform critical roles in tumorigenesis
[19]
and metastasis . In a recent study, Pak1 was found
to be activated by IR and participated in DNA damage
[20]
[21]
repair after IR . More recently, Motwani et al
reported that the genes regulated by Pak1 in response
to IR were mainly involved in DNA damage responsive
events, such as cell cycle arrest and apoptosis. These
preliminary results indicate that Pak1 signaling is a
potential target for enhancing tumor radiosensitivity.
The drugs that target the radiation-related signaling
pathway and induce cellular apoptosis and inhibit DNA
damage repair are potential radiosensitizers for cancer.
Extracts of some natural plants, including Chinese
herbs, have provided plenty of anti-cancer ingredients
[22]
for cancer therapy . β-elemene (1-methyl-1-vinyl2,4-diisopropenyl-cyclohexane) is a novel anti-cancer
ingredient isolated from the Chinese traditional herb
[23]
Curcuma wenyujin . Our group and others have
found its anti-cancer potential in a variety of cancer
[24-27]
cells
. The involved mechanisms include inhibition

CONCLUSION: This is the first demonstration that
β-elemene enhances radiosensitivity of gastric cancer
cells, and that the mechanism involves inhibition of
Pak1 signaling.
Key words: β-elemene; Radiosensitivity; Gastric cancer
cells; Clonogenic survival; Apoptosis; p21-activated
protein kinase 1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we explore the potential of
β-elemene, a novel anti-cancer drug isolated from
the Chinese traditional herb Curcuma wenyujin , as a
radiosensitizer for gastric cancer cells, and the underlying
mechanisms. β-elemene pretreatment decreased
clonogenic survival and increased apoptosis in response
to ionizing radiation in SGC7901 and MKN45 gastric
cancer cell lines. This is the first demonstration that
β-elemene enhances radiosensitivity of gastric cancer
cells. The underlying mechanism involves inhibition of
p21-activated protein kinase 1 (Pak1) signaling. We also
provide direct evidence for targeting Pak1 signaling as a
means to sensitize cancer cells to ionizing radiation.
Liu JS, Che XM, Chang S, Qiu GL, He SC, Fan L, Zhao W,
Zhang ZL, Wang SF. β-elemene enhances the radiosensitivity
of gastric cancer cells by inhibiting Pak1 activation. World J
Gastroenterol 2015; 21(34): 9945-9956 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/9945.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.9945
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of multiple oncogenic signaling pathways, such as ERK
and PI3K/Akt signaling, and thus induction of apoptosis
[24,25]
and cell cycle arrest
. These signaling pathways and
cellular events have been demonstrated to be vital for
[14]
regulating the radiosensitivity of cancer cells . In a
previous study, we found that β-elemene inhibited the
viability of gastric cancer cells and induced apoptosis in
[27]
a dose-dependent manner . Then, through a proteomic
screening method, we found that β-elemene increased
the expression of Pak1-interacting protein 1 (PAK1IP1)
in gastric cancer cells. PAK1IP1 is a specific negative
[28]
modulator of Pak1 . By sequence analysis, Xia and
his colleagues found that PAK1IP1 shares a homologic
sequence with the fission yeast PAK (Shk1)-binding
protein Skb15. Then, through an immunoprecipitation
assay and western blot analysis, they demonstrated
that PAK1IP1 interacts with Pak1 in vitro and in vivo,
and specifically binds to the regulatory domain of Pak1.
Overexpression of PAK1IP1 in mammalian cells inhibits
[28]
the activation of the Pak1 signaling pathway . Other
researchers are in agreement with the results of the
[19,29]
study
. So, we assumed that β-elemene could inhibit
Pak1 activation through upregulation of PAK1IP1, and
then alter the radiation response and radiosensitivity of
gastric cancer cells.
In the current study, we found that β-elemene
pretreatment decreased clonogenic survival and
increased apoptosis in response to IR in SGC7901
and MKN45 gastric cancer cell lines. Then, through
iTRAQ proteomic screening assay and western blot
validation, we found that β-elemene increased the
expression of PAK1IP1 in gastric cancer cells, and that
pretreatment with β-elemene inhibited Pak1 activation
and sensitized gastric cancer cells to IR. Finally, we
employed IPA-3, another specific molecular inhibitor
of Pak1, and confirmed that the selective inhibition of
Pak1 activation could enhance the radiosensitivity of
gastric cancer cells.

lines were obtained from the Laboratory Animal Centre
of The Fourth Military Medical University (Xi’an, China).
The MKN28 and AGS cell lines were obtained from the
Central Laboratory of Xi’an Jiaotong University School
of Medicine (Xi’an, China). N87 cell line was obtained
from Typical Culture Preservation Commission Cell
Bank, Chinese Academy of Sciences (Shanghai, China).
All the cells were cultured in RPMI1640 medium
(HyClone, #SH30809.01B) supplemented with 10%
fetal bovine serum (FBS) (Tianhang Biotechnology Co.
Ltd) at 37 ℃ with 5% CO2.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide

Cell viability was measured using the 3-(4,5-dimethyl2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide
(MTT) assay. The cells were seeded in 24-well plates
4
4
at 5 × 10 -10 × 10 per well and incubated overnight,
followed by application of different doses of drug for
24 or 48 h. Then, 50 μL MTT (5 mg/mL) (SigmaAldrich, United States) was added to each well and
incubated for another 3-4 h. Then the supernatant
was removed gently and 500 μL DMSO (SigmaAldrich, United States) was added to each well. The
absorbance was measured using a microplate reader
at 490 nm and cell viability was calculated according
to the following formula. Cell viability = (Absorbance
of the experimental group)/(Absorbance of the control
group) × 100%.

Clonogenic survival assay

Cells were seeded into 6-well plates and treated with
a drug or not after 4-6 h attachment. Then, cells were
exposed to different doses of IR on the following day.
Cells were incubated for 10-14 d to form colonies, then
fixed with methyl alcohol and stained with 1% crystal
violet solution. Colonies containing no less than 50
cells were counted. Survival fractions were normalized
according to the non-irradiated subgroup to eliminate
cytotoxicity generated by drug pretreatment. Cell
survival curves were obtained using Graphpad Prism
5.1 software (United States) according to the multitarget single hit model. The radiation-associated
parameters of mean lethal dose (D0), quasi-threshold
dose (Dq), fitted surviving fraction at 2 Gy radiation
(SF2), and sensitization enhancement ratio (SER) were
calculated to evaluate the effect of drug pretreatment
on the radiosensitivity of gastric cancer cells.

MATERIALS AND METHODS
Reagents and antibodies

β-elemene was obtained from Jingang Pharmaceutical
Co. Ltd (Dalian, China). IPA-3 was purchased from
Abcam (#ab141014, United Kingdom). Annexin
V-FITC/PI Apoptosis Detection Kit was obtained
from 7Sea Pharmatech Co. Ltd (#A005, Shanghai,
China). Anti-PAK1IP1 antibody (#ab67348) and
anti-Pak1 antibody (#ab40852) were purchased
from Abcam. Anti-phospho-Pak1 (T423) antibody
was from Abcam (#ab2477) and KeyGEN BioTECH
(#KG11165, Nanjing, China). Anti-phospho-ERK1/2
(Thr202/Tyr204) antibody was from KeyGEN BioTECH
(#KG30108, Nanjing, China). Anti-caspase-3 (cleaved,
17 kDa) antibody was from Biosynthesis Biotechnology
Co. Ltd (#bs-0081R, Beijing, China).

Annexin V-FITC/PI apoptosis detection assay

Cell lines and cell cultures

The MKN45 and SGC7901 human gastric cancer cell

WJG|www.wjgnet.com
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The cells were seeded into 6-well-plates at 3 × 10
per well and incubated overnight followed by drug
pretreatment and IR according to the experimental
groups. Then, cells were collected 24 h post IR
and manipulated according to the manufacturer’s
instructions, incubated with 5 μL Annexin V-FITC for 15
min and 10 μL PI for 5 min, then analyzed using flow
cytometry (FCM) (BD Biosciences Clontech, United
States) within 30 min.
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Surviving fraction

1

Table 1 Radiation-associated parameters of 5 gastric cancer
cell lines

0.1
MKN45
SGC7901
MKN28

0.01

N87
AGS
0.001

0

Cell line

D0

Dq

SF2

MKN45
SGC7901
MKN28
N87
AGS

2.16
1.92
1.82
1.79
1.51

1.81
1.24
1.08
1.00
1.23

68.89%
56.30%
52.06%
49.78%
50.13%

D0: Mean lethal dose; Dq: Quasi-threshold dose; SF2: Fitted surviving
fraction at 2 Gy radiation.
2

4
Radiation dose (Gy)

6

8

Statistical analysis

Data are presented as mean ± SD. Statistical analysis
was performed using the Student t-test and SPSS 17.0
software (SPSS Inc., Chicago, IL, United States). P <
0.05 was considered statistically significant.

Figure 1 Clonogenic survival of 5 gastric cancer cell lines after ionizing
radiation. Cells were seeded into 6-well plates as indicated and exposed to
corresponding doses of ionizing radiation after overnight recovery. Cells were
incubated for 10 to 14 d to form colonies, then fixed with methyl alcohol and
stained with 1% crystal violet solution. Colonies were counted and surviving
fractions were calculated. Cell survival curves were fitted using Graphpad Prism
5.1 software according to the multi-target single hit model. Dots and bars: mean
± SD.

RESULTS
Screening for relatively radioresistant gastric cancer
cell lines

iTRAQ proteomic assay

In the present study, we examined 5 gastric cancer
cell lines to determine their relative sensitivity to IR by
the clonogenic survival assay. The result showed that
MKN45 and SGC7901 gastric cancer cell lines were
relatively more resistant to IR, with higher D0 and SF2
(Figure 1 and Table 1). The 2 cell lines were selected
to evaluate the radiosensitization effects of β-elemene
in gastric cancer cells in the subsequent study.

The iTRAQ proteomic method has been described
[27]
previously . Thus, 100 μg protein from each experi
mental group was digested with trypsin and the
peptides of each group were labeled with iTRAQ
reagents according to the manufacturer’s protocol
(Applied Biosystems, New York, NY, United States)
(control-114 tag, β-elemene treated-115 tag, IR-116
tag, β-elemene combined with IR-117 tag). Thereafter,
the labeled peptide samples were mixed together and
fractionated using Strong-Cation Exchange (SCX)
chromatography (Shimadzu LC-20AB HPLC Pump
system and the 4.6 mm × 250 mm Ultremex SCX
column). Mass spectrometric analysis of the labeled
peptides was done using a Q-EXACTIVE (ThermoFisher
Scientific, San Jose, CA, United States) coupled online
to the high performance liquid chromatography (HPLC).
Data processing of LC-MS/MS samples was searched
against the International Protein Index (IPI) human
protein database v 3.87 fasta (91464 sequences)
using Mascot 2.3.02 software (Matrix Science, United
Kingdom). When protein abundance changed by more
than 1.2-fold, with P < 0.05, we defined the protein as
a differentially expressed protein.

β -elemene pretreatment decreased clonogenic survival
following IR in gastric cancer cells

According to our previous study, β-elemene reduced
the viability of gastric cancer cells in a dose-dependent
[27]
manner . The concentrations that led to less than
20% inhibition of cell viability for MKN45 and SGC7901
gastric cancer cell lines were about 15 μg/mL and 30
μg/mL, respectively. Thus, we chose 15 μg/mL and 30
μg/mL β-elemene pretreatment to evaluate whether
β-elemene could enhance the radiosensitivity of
gastric cancer cells. As shown in Figure 2, β-elemene
pretreatment decreased clonogenic survival of gastric
cancer cells in response to IR. The SF2 decreased
from 76.47% to 59.44% in the MKN45 cell line and
decreased from 71.15% to 57.71% in the SGC7901
cell line. The D0 value decreased from 2.62 Gy to 2.08
Gy in the MKN45 cell line and from 2.43 Gy to 1.59 Gy
in the SGC7901 cell line. The Dq decreased from 2.19
Gy to 1.30 Gy in the MKN45 cell line and decreased
from 1.86 Gy to 1.49 Gy in the SGC7901 cell line.
The SER was 1.26 and 1.53 for MKN45 and SGC7901
gastric cancer cells, respectively. These data suggest
that β-elemene enhances the radiosensitivity of gastric
cancer cells, and that the effect is relatively greater in
SGC7901 gastric cancer cells than that in MKN45 cells.

Western blotting

Equal amounts of protein samples were loaded
onto SDS-PAGE. Proteins were transferred to the
nitrocellulose (NC) membranes and blocked with
5%-10% skimmed milk for 1-3 h at room temperature.
Thereafter, the NC membranes were sequentially
incubated with corresponding primary antibodies and
secondary antibodies. The bands of proteins were
visualized using an electrochemiluminescence (ECL)
detection kit (#CW0049, CWBIO, Beijing, China).
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Figure 2 β-elemene pretreatment decreases clonogenic survival following ionizing radiation in gastric cancer cells. Cells were seeded into 6-well plates as
indicated. After 4 to 6 h attachment, cells were treated with or without β-elemene for 18 h, followed by exposure to the indicated doses of IR. Then, cells were incubated
as described above and colonies were counted. Cell survival curves were fitted using Graphpad Prism 5.1 software according to the multi-target single hit model. The
results are representative of duplicate independent experiments. A: MKN45 cell line; B: SGC7901 cell line; Dots and bars: mean ± SD. IR: Ionizing radiation.

β -elemene pretreatment increased radiation-induced

that β-elemene increased the expression of PAK1IP1
in a dose-dependent manner in SGC7901 gastric
cancer cells (Figure 5A). The trend was consistent with
the iTRAQ proteomic results. Meanwhile, β-elemene
decreased the levels of phospho-Pak1 (T423) and
phospho-ERK1/2 (Thr202/Tyr204). The results suggest
that β-elemene increases PAK1IP1 expression and
decreases Pak1 activation.
We found upregulation of phospho-Pak1 (T423)
1 h and 24 h after IR, but no changes in total Pak1
expression (Figure 5B). IR also led to a slight increase
in PAK1IP1 expression, consistent with the iTRAQ
result. β-elemene pretreatment inhibited IR-induced
Pak1 (T423) phosphorylation 1h after IR (Figure 5C).
β-elemene pretreatment also decreased phosphoERK1/2 post IR.

cell death in gastric cancer cells

Along with the clonogenic survival assay, we investigated
whether β-elemene could increase radiation-induced cell
death. β-elemene pretreatment significantly increased
radiation-induced cell death compared with IR alone in
MKN45 (10.4% ± 0.9% vs 34.8% ± 2.8%, p < 0.05)
and SGC7901 (11.6% ± 0.9% vs 46.7% ± 5.2%, p
< 0.05) gastric cancer cell lines (Figure 3). The level
of cleaved caspase-3 (17 kDa) was consistent with the
cellular results. These results suggest that β-elemene
increases the cell killing effect of IR in gastric cancer
cells.

iTRAQ proteomic analysis to choose Pak1 signaling as
a potential target

The cytological data suggested that β-elemene
enhanced the radiosensitivity of gastric cancer cells.
Then, we adopted an iTRAQ proteomic method to
investigate the potential proteins underlying the
mechanisms. Considering that β-elemene exhibited
greater radiosensitization in the SGC7901 cell line
than in the MKN45 cell line, we chose to conduct
proteomic screening in SGC7901 cells. Through a
comparison of protein expression among different
experimental groups, we found that PAK1IP1 was the
most upregulated protein by β-elemene pretreatment
(Figure 4, the detailed lists of altered proteins are
not shown). PAK1IP1 is a negative modulator of
Pak1 and selectively inhibits the activation of Pak1
[28]
and its downstream signaling . So, we assumed
that β-elemene inhibited Pak1 activation through
upregulation of PAK1IP1, and then validated the levels
by western blotting.

IPA-3, a specific Pak1 inhibitor, inhibited viability of
gastric cancer cells.

IPA-3 is a potent and specific small molecule inhibitor
[30,31]
of Pak1
. We chose IPA-3 pretreatment to confirm
whether inhibition of Pak1 activation could sensitize
gastric cancer cells to IR. We first evaluated the effects
of IPA-3 on the viability of gastric cancer cells. Our
data showed that IPA-3 reduced the viability of gastric
cancer cells in a dose- and time-dependent manner
(Figure 6). These results suggest that IPA-3 inhibits
the viability of gastric cancer cells.

IPA-3 decreased clonogenic survival in gastric cancer
cells

IPA-3 (2.5 μmol/L) pretreatment decreased clonogenic
survival of gastric cancer cells in response to IR (Figure
7). The SF2 decreased from 64.64% to 46.53% in
SGC7901 gastric cancer cells. The D0 value decreased
from 2.34 Gy to 1.99 Gy, and the Dq decreased from
1.47 Gy to 0.63 Gy. The SER was 1.18 for SGC7901
gastric cancer cells. A similar effect was seen in MKN45
gastric cancer cells. These data suggest that IPA-3

Validation of PAK1IP1 expression and the level of
phospho-Pak1 in indicated conditions

We examined the levels of PAK1IP1 and phosphoPak1 (T423) in response to treatment dose. We found
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Figure 3 β-elemene pretreatment increased radiation-induced cell death in gastric cancer cells. Cells were seeded into 6-well plates, incubated overnight, and
exposed to the indicated concentration of β-elemene pretreatment prior to IR. 24 h after 8 Gy IR, cells were collected, incubated with annexin V-FITC and PI, and
analyzed using FCM. Examples of independent FCM results are shown. A: MKN45 cell line; B: SGC7901 cell line. FCM: Flow cytometry. PI: Propidium iodide; IR:
Ionizing radiation.
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Figure 4 MS/MS spectrum showing the peptides from PAK1IP1 (peptide sequence: QNAHIVEWSPR) (A) and relative quantification of PAK1IP1 expression
in the indicated conditions (B). Different protein samples from SGC7901 cells labeled with iTRAQ reagents as follows: control-114 tag, β-elemene treated-115 tag,
IR-116 tag, β-elemene combined with IR-117 tag. The relative intensity indicates the relative abundance of PAK1IP1 expression in different conditions.

A

C

 b-elemene (mg/mL)
0

20

40

60

b-elemene

-

+

-

+

IR

-

   -

+

   +

b-actin

b-actin

PAK1IP1

PAK1IP1

p-Park1 (T423)

t-Pak1

t-Pak1

p-Park1 (T423)

p-ERK1/2

p-ERK1/2

B

IR (Gy)
0

2

4

Caspase-3
(cleaved)

8

b-actin
t-Pak1

1 h post IR

p-Park1 (T423)

1 h post IR

t-Pak1

24 h post IR

p-Park1 (T423)

24 h post IR

PAK1IP1

24 h post IR

Figure 5 Protein expression in cells exposed to β-elemene, IR, and β-elemene plus IR examined by western blotting. A: Validation of PAK1IP1 expression
and the examination of phospho-Pak1 in response to β-elemene treatment, using β-actin as a loading control. β-elemene upregulated PAK1IP1, and downregulates
phospho-Pak1 (T423) and its downstream p-ERK1/2; B: Ionizing radiation upregulated phospho-Pak1 (T423), but not total Pak1; C: β-elemene pretreatment
decreased IR-induced upregulation of phospho-Pak1 (T423) and phospho-ERK1/2. The level of cleaved caspase-3 was consistent with the level of apoptosis at the
cytological level (Figure 3B). IR: Ionizing radiation.
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Figure 6 IPA-3 inhibits the viability of gastric cancer cells. MKN45 (A) and
SGC7901 (B) gastric cancer cells were treated with different concentrations of
IPA-3 for 24 or 48 h. Cell viability was determined using the MTT assay. Dots
and bars: mean ± SD.
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Figure 7 IPA-3 pretreatment decreases clonogenic survival following IR
in gastric cancer cells. Cells were seeded into 6-well plates as indicated.
After 4 to 6 h attachment, cells were treated with or without the indicated
concentrations of IPA-3 for 18 h, followed by exposure to the indicated doses of
IR. Then, cells were incubated as described above and colonies were counted.
Cell survival curves were fitted using Graphpad Prism 5.1 software according to
the multi-target single hit model. A: MKN45 cell line; B: SGC7901 cell line. Dots
and bars: mean ± SD.

enhances the radiosensitivity of gastric cancer cells.

IPA-3 increased radiation-induced cell death in gastric
cancer cells

found that IPA-3 pretreatment decreased the level of
phospho-Pak1 (T423) and phospho-ERK1/2 induced by
IR (Figure 9B).

Along with the clonogenic survival assay, we inves
tigated whether IPA-3 could increase radiation-induced
cell death. As a result, IPA-3 (10 μmol/L) pretreatment
dramatically increased IR-induced cell death compared
with IR alone in MKN45 (13.4% ± 0.3% vs 26.6%
± 1.0%, p < 0.05) and SGC7901 (16.0% ± 0.6%
vs 37.3% ± 1.7%, p < 0.05) gastric cancer cell lines
(Figure 8). The level of cleaved caspase-3 (17 kDa) was
consistent with the cytological results (Figure 9B). These
results suggest that IPA-3 increases radiation-induced
cell death in gastric cancer cells.

DISCUSSION
Gastric cancer is a malignancy with high incidence and
unfavorable prognosis, and requires multi-disciplinary
therapeutic strategies, including radiotherapy. The
search for an effective radiosensitizer is an important
and urgent issue for the treatment of gastric cancer.
β-elemene is a plant-derived ingredient and has been
used in clinical practice for the treatment of several
[32]
types of cancers . It is noteworthy that basic research
and clinical practice have demonstrated its efficacy
[32,33]
and safety in cancer treatment
. Previous studies
revealed that β-elemene exhibited its anti-cancer
[25]
activities by targeting major signaling pathways .
In the present study, we investigated whether
β-elemene could enhance the efficacy of IR in gastric
cancer cells. We found that β-elemene pretreatment
decreased clonogenic survival and increased radiationinduced cell death in gastric cancer cells. β-elemene

IPA-3 inhibited IR-induced activation of Pak1 signaling

To confirm the signaling that altered the radiosensitivity,
we evaluated the phosphorylation of Pak1 and its
downstream ERK1/2 in response to IR after IPA-3
pretreatment. First, we confirmed that IPA-3 decreased
the level of Pak1 phosphorylation (T423) in a dosedependent manner (Figure 9A). Meanwhile, the level
of phospho-ERK1/2, the downstream substrate of
Pak1, was also reduced. This further supported that
Pak1 kinase activity was reduced by IPA-3. Then, we
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Figure 8 IPA-3 pretreatment increased radiation-induced cell death in gastric cancer cells. Cells were seeded into 6-well plates and exposed to the indicated
concentrations of IPA-3 pretreatment. 24 h after 8 Gy IR, cells were collected, incubated with annexin V-FITC and PI, and analyzed using FCM. The experiment was
performed in triplicate. Representative FCM results are shown. A: MKN45 cell line; B: SGC7901 cell line. PI: Propidium iodide; IR: Ionizing radiation; FCM: Flow
cytometry.
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A

types of cancers including gastric cancer, and
modulates diverse biological functions and signaling
[17,35]
pathways
. In 1999, Roig and Traugh first reported
that group Ⅰ Pak members could be activated by
[36]
IR . Little attention was focused on the role of Pak
members in the radiation response until recently, when
[20]
Li et al
reported that Pak1 activation participated in
DNA damage repair after IR. More recently, Motwani
[21]
et al
reported that the genes altered by Pak1 in
radiation scenarios were mainly involved in DNA
damage responsive events, such as cell cycle arrest
and apoptosis. In the current study, we found that
β-elemene could inhibit the activation of Pak1 and
demonstrated that specific inhibition of Pak1 by a
selective inhibitor could sensitize gastric cancer cells
to IR. This result is consistent with previous studies.
Our results indicate that β-elemene is a potential
radiosensitizer for gastric cancer cells. In addition, we
provide direct evidence for radiosensitization effect of
targeting Pak1 in cancer cells.
Previous studies have proved that Pak1 is located
upstream of ERK1/2 signaling and can activate ERK1/2
[19,37]
in a kinase-dependent or -independent manner
.
Numerous studies have demonstrated the activation
of ERK1/2 signaling in response to IR and its vital
role in promoting cancer cell survival after IR, and
inhibition of ERK1/2 signaling is a means of sensitizing
[34,38]
cancer cells to IR
. In the present study, ERK1/2
signaling was also inhibited when Pak1 was inhibited.
Considering their relationship in signaling transduction,
this result is consistent with previous studies and
supports the possibility of targeting Pak1 to develop a
radiosensitizer.
To our knowledge, this is the first demonstration
that β-elemene enhances radiosensitivity of gastric
cancer cells. The underlying mechanism involves
inhibition of Pak1/ERK1/2 signaling. We also provide
direct evidence for targeting Pak1 signaling as a means
to sensitize cancer cells to IR.
The therapeutic use of β-elemene in clinical cancer
treatment has proven efficacy, and has the advantage
[32]
of being clinically safe and non-toxic to normal cells .
However, little is known about the direct molecular
targets of β-elemene to induce the anti-cancer effects
seen by our group and others. It remains an issue
requiring further study. In addition, further in vivo
studies and clinical trials are needed to confirm the effect
of β-elemene in combination with IR in the manage
ment of gastric cancer. Our study lays the ground for
continued research.
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Figure 9 Protein expression of cells exposed to IPA-3 and IPA-3 plus IR
examined by western blotting. A: Validation of phospho-Pak1 downregulation
in response to IPA-3 treatment, using GAPDH as a loading control. IPA-3
downregulated phospho-Pak1 (T423) and its downstream p-ERK1/2; B: IPA-3
pretreatment decreased IR-induced upregulation of phospho-Pak1 (T423) and
phospho-ERK1/2. The level of cleaved caspase-3 was consistent with the level
of apoptosis at the cytological level (Figure 8B).

pretreatment inhibited the activation of Pak1 and
its downstream ERK1/2 signaling in response to IR.
Furthermore, selective inhibition of Pak1 activation
by IPA-3 presented similar radiosensitization effects
as β-elemene in gastric cancer cells, decreasing
clonogenic survival and increasing radiation-induced
cell death. Our data indicate that β-elemene enhances
the radiosensitivity of gastric cancer cells. Moreover,
the underlying mechanism involves inhibition of Pak1
and its downstream ERK1/2 signaling.
Signaling transduction after IR is vital for mediating
damage repair and thus controls the fate of cancer
cells receiving IR. Some signaling events, such as
ERK1/2 activation, facilitate the damage repair process
in cancer cells and thus provide protection from IR
[34]
damage and improve cell survival . Therefore,
it is an attractive goal to develop a radiosensitizer
that intervenes in the radiation-associated signaling
pathways. Pak1 is a serine/threonine kinase that
is overexpressed and/or hyperactivated in many
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Research frontiers

8

Recent studies have shown that β-elemene has diverse anti-cancer activities,
such as inhibiting proliferation and inducing apoptosis of cancer cells,
enhancing tumor chemosensitivity, and overcoming drug resistance in a
variety of cancers. The involved mechanisms include interacting with various
oncogenic signaling pathways.

9

Innovations and breakthroughs

This is the first demonstration that β-elemene enhances the radiosensitivity
of gastric cancer cells. The underlying mechanism involved inhibition of Pak1
signaling, which was confirmed by targeting Pak1 using the selective small
molecule inhibitor, IPA-3. This also provided direct evidence that targeting Pak1
signaling is a means of sensitizing cancer cells to ionizing radiation.

10

Applications

11

This study highlights a new therapeutic possibility for improving the efficacy of
RT and for reducing radiation toxicity, and may contribute to prolongation of
patient survival and improvement in their quality of life.

12

Terminology

β-elemene (1-methyl-1-vinyl-2,4-diisopropenyl-cyclohexane) is a novel anticancer compound isolated from the Chinese traditional herb Curcuma wenyujin
and has diverse anti-cancer activities. Radiosensitivity is a key determinant of
the radiation response and affects the efficacy of radiotherapy in cancer.

13
14

Peer-review

This is an interesting work. The authors present data suggesting that β-elemene
enhances the radiosensitivity of gastric cancer cells via upregulation of PAK1IP1
(p21-activated protein kinase-interacting protein 1) and downregulation of
phospho-Pak1 (T423) and phospho-ERK1/2. The therapeutic potential of
β-elemene as a radiosensitizer for gastric cancer may be worth pursuing.
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Abstract
AIM: To investigate the association of serum gammaglutamyl transferase (GGT) levels with chronic hepatitis B
infection and hepatitis B e antigen (HBeAg) seroconversion.

Institutional review board statement: This study was
conducted in accordance with the principles of the Declaration of
Helsinki and approved by the Ethics Committee of Nanjing Drum
Tower Hospital (Nanjing, China).

METHODS: A retrospective study was performed on
clinical data collected from patients who had been
positive for hepatitis B surface antigen for > 6 mo
and who were antiviral-treatment naïve (n = 215)
attending the Hepatitis Clinic at Nanjing Drum Tower
Hospital between August 2010 and December 2013.
Healthy individuals without liver disease (n = 83) were
included as controls. Patients were categorized into
four groups based on disease status as recommended
by the European Association for the Study of the
Liver: immune tolerance (IT; n = 47), HBeAg-positive
hepatitis (EPH; n = 93), HBeAg-negative hepatitis (ENH;
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n = 20), and inactive carrier (IC; n = 55). Prediction

INTRODUCTION

of complete response (CR) based on serum GGT was
also examined in EPH patients (n = 33) treated for 48
wk with nucleos(t)ide analogue (NA) therapy, including
lamivudine plus adefovir combination therapy (n = 20)
or entecavir monotherapy (n = 13). CR was defined as
a serum hepatitis B virus DNA level < 500 copies/mL
and HBeAg seroconversion by 48 wk of treatment.

Hepatitis B virus (HBV) infection remains one of the
most serious health problems worldwide despite the
widespread availability of safe and effective vaccines.
Individuals with chronic HBV infection (CHB) are at
an increased risk for developing hepatic cirrhosis,
[1]
hepatocellular carcinoma (HCC), and even death .
As more than 2 billion people have been infected with
HBV, and an estimated 350-400 million are chronically
[1,2]
infected , advances in the detection of biomarkers
specifically associated with the development of HBVrelated diseases might impact patient treatment and
outcome.
Recently, gamma-glutamyl transferase (GGT) has
emerged as a potential biomarker in the diagnosis
and treatment of HBV infection. GGT, a key enzyme in
glutathione metabolism, is a cell-surface heterodimeric
glycoprotein that is highly expressed in the biliary
[3]
epithelium, kidney tubules, and brain capillaries .
To date, serum GGT levels have been routinely used
as a biomarker for hepatobiliary diseases and as an
[4]
indicator of alcohol intake , and yet, its diagnostic
[5]
value remains unclear . Results from several recent
studies, however, have indicated that serum GGT
[5,6]
might be of diagnostic value . First, elevated GGT
has been shown to be associated with increased
mortality in liver diseases, cancer, and diabetes in the
[6]
general population of the United States . Second,
serum GGT levels are elevated in patients with
[5,7-10]
chronic hepatitis C
. In some studies, low baseline
GGT levels have been shown to be an independent
predictor of a sustained virologic response to therapy
[11-15]
in chronic hepatitis C
. Finally, serum GGT might
also be associated with the development of HCC
more generally, as well as specifically, in patients
with chronic hepatitis C. Therefore, GGT might be
predictive in the development of HCC in non-cirrhotic
patients even after successful eradication of hepatitis C
[16-18]
virus
.
Whether serum GGT levels are associated with CHB
is less well understood. Here, serum GGT levels during
various phases of CHB in a cohort of Chinese patients
were retrospectively analyzed and investigated as
a potential serum marker predictive for hepatitis B
e antigen (HBeAg) seroconversion in response to
nucleos(t)ide analogue (NA) therapy for CHB.

RESULTS: Serum GGT levels were significantly
increased in EPH and ENH patients relative to the
IT, IC, and healthy control groups (P < 0.01 for all).
However, no significant difference in serum GGT levels
was found between the EPH and ENH groups. Baseline
serum GGT levels were significantly higher in patients
who achieved CR (7/33; 21.2%) compared to patients
in the non-CR group (26/33; 78.8%; P = 0.011). In
addition, the decline in serum GGT was greater in CR
patients compared to non-CR patients after 24 wk
and 48 wk of treatment (P = 0.012 and P = 0.008,
respectively). The receiver operating characteristic
curve yielded a sensitivity of 85.71% and a specificity
of 61.54% at a threshold value of 0.89 times the upper
limit of normal for baseline serum GGT in the prediction
of CR following NA therapy.
CONCLUSION: Serum GGT is significantly elevated in
EPH and ENH patients and is a potential biomarker for
the prediction of HBeAg seroconversion following NA
therapy.
Key words: Gamma-glutamyl transferase; hepatitis B
e antigen; Hepatitis B; Natural history; Nucleos(t)ide
analogues; Seroconversion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serum gamma-glutamyl transferase (GGT)
levels have been associated with treatment response in
chronic hepatitis C patients. However, whether serum
GGT levels are associated with chronic hepatitis B
infection is unknown. This study provides evidence that
serum GGT levels are significantly elevated in patients
with hepatitis B e antigen (HBeAg)-positive and HBeAgnegative hepatitis patients. Furthermore, serum GGT
levels were investigated as a potential biomarker for
the prediction of HBeAg seroconversion in patients with
HBeAg-positive hepatitis following a 48-wk course of
nucleos(t)ide analogue treatment.

MATERIALS AND METHODS

Huang R, Yang CC, Liu Y, Xia J, Su R, Xiong YL, Wang GY,
Sun ZH, Yan XM, Lu S, Wu C. Association of serum gammaglutamyl transferase with treatment outcome in chronic hepatitis
B patients. World J Gastroenterol 2015; 21(34): 9957-9965
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i34/9957.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i34.9957
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Table 1 Clinical characteristics of patients and healthy controls
Characteristic
Age (yr)
Sex (male/female)
HBV DNA (log10 copies/mL)
ALT (ULN)
Tbil (μmol/L)

HC (n = 83 )

IT (n = 47 )

EPH (n = 93 )

ENH (n = 20 )

IC (n = 55 )

30.0 (22.0-49.6)
49/34
ND
0.42 (0.26-0.77)
13.90 (9.10-21.62)

26.0 (20.0-32.2)a
29/18
7.78 (6.77-8.62)c
0.59 (0.43-0.90)
12.80 (8.60-30.20)

29.0 (23.0-40.0)
70/23
7.07 (5.67-8.05)c
3.80 (1.94-14.14)b
19.20 (12.80-42.90)

41.0 (20.2-57.8)
15/5
4.99 (3.76-7.52)
2.99 (1.99-11.75)b
16.55 (10.73-28.08)

32.0 (23.6-46.0)
30/25
UD
0.59 (0.31-0.89)
15.40 (9.38-25.66)

Data shown are the median (10%-90% percentile); aP < 0.05 vs all groups; bP < 0.05 vs IT and IC; cP < 0.01 vs ENH. ALT: Alanine aminotransferase; EPH:
HBeAg-positive hepatitis; ENH: HBeAg-negative hepatitis; HBV: Hepatitis B virus; HC: Healthy control; IC: Inactive carrier; IT: Immune tolerance; ND:
Not determined; Tbil: Total bilirubin; UD: Undetectable; ULN: Upper limit of normal.

Study subjects

Statistical analysis

A retrospective study was performed on data collected
from patients who had been positive for the hepatitis B
surface antigen (HBsAg) for > 6 mo and were antiviraltreatment naïve (n = 215) that attended the Hepatitis
Clinic at Nanjing Drum Tower Hospital between August
2010 and December 2013. Healthy individuals without
liver disease (n = 83) were included as controls.
Based on the levels of alanine aminotransferase (ALT),
HBeAg, hepatitis B e antibody, and HBV DNA, the
patients were categorized into four groups according to
the recommendations by the European Association for
the Study of the Liver: immune tolerance (IT), HBeAgpositive hepatitis (EPH), HBeAg-negative hepatitis
[2]
(ENH), and inactive carrier (IC) .
The patients were excluded if they met any of the
following criteria: (1) coinfection with hepatitis C virus,
hepatitis D virus, or HIV; (2) pre-existing comorbidities
that are related to elevated GGT (e.g., hepatobiliary
tract, pancreatic, and/or heart disease or alcohol
abuse); (3) evidence of malignant disease including
HCC; (4) treated with anti-HBV therapy before
admission; and (5) evidence of cirrhosis based on
histologic examination or any clinical feature of portal
hypertension, such as esophagogastric varices, ascites,
or anomalies as revealed by imaging with sonography
or CT.
EPH patients (n = 33) who received NAs, either
lamivudine (LAM) plus adefovir (ADV) or entecavir
(ETV) alone, and were followed for 48 wk were also
included. These patients were classified into two
groups: complete response (CR) and non-complete
response (NCR). Patients in the CR group had serum
HBV DNA levels < 500 copies/mL and had undergone
HBeAg seroconversion by week 48, whereas patients
in the NCR group had reduced serum HBV DNA but
remained HBeAg positive. Various clinical parameters
were compared between the CR and NCR groups.
Serum ALT and GGT levels were measured with the
Beckman CX-7 Biochemical Autoanalyser (Beckman
Coulter, Inc., Brea, CA, United States). HBV serologic
markers were detected with the Abbott Architect
System (Abbot Laboratories, Chicago, IL, United
States). Serum HBV DNA levels were quantified using
Cobas Taqman (F. Hoffmann-La Roche AG, Basel,
Switzerland).

WJG|www.wjgnet.com

Data analyses were performed with SPSS version 22.0
(IBM Corp., Armonk, NY, United States), and MedCalc
version 11.4.2.0 (MedCalc Software, Mariakerke,
Belgium). Continuous variables are presented as either
th
th
the median (10 -90 percentile) or the mean ± SE,
and categorical data are expressed as percentages. A
Student’s t-test or the Mann-Whitney U test was used
for group comparisons. Categorical data were analyzed
2
by the χ or Fisher’s exact test. Comparisons of
variance between groups were performed by analysis
of variance or the Kruskal-Wallis H test. Interclass
comparisons of repeated sample data were analyzed
with the general linear model repeated-measures
procedure. Correlation analysis between variables was
conducted using Pearson’s or Spearman’s correlation
analysis. To identify the optimal threshold values
for predicting a CR to treatment, receiver-operating
characteristic (ROC) curves were constructed. The
sensitivity and specificity of predictions at these
values were calculated, and a two-tailed P < 0.05 was
considered to be statistically significant.

RESULTS
Clinical characteristics of patients with CHB vary
between different phases

In order to effectively evaluate treatment modalities,
clinical characteristics of antiviral-treatment-naïve
patients (n = 215) with CHB were compared between
groups. Patients were classified based on the phase
of CHB as follows: IT (n = 47), EPH (n = 93), IC (n =
55), and ENH (n = 20). Thus, the EPH group consisted
of the most patients. All baseline clinical parameters
evaluated are presented in Table 1. First, IT patients
were significantly younger than other groups (P < 0.05
for all). Second, serum ALT levels were significantly
elevated in EPH and ENH patients relative to IT and
IC patients (P < 0.05 for all). Finally, serum HBV DNA
levels were significantly higher in patients in the IT and
EPH groups compared to the ENH group (P < 0.01 for
both), but were undetectable in the IC group.

GGT levels differ between phases of CHB

In order to determine the value of GGT for clinical
evaluation and prognosis, levels were first examined
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Table 2 Comparisons of the baseline characteristics between non-complete response and complete response patients
Characteristic

All patients (n = 33)

NCR (n = 26)

CR (n = 7)

P value1

28.0 (23.0-41.8)
27/6
7.41 (6.13-8.17)
3.47 (1.79-16.27)
0.89 (0.36-2.48)

26.5 (22.7-37.0)
20/6
7.33 (6.29-8.17)
3.39 (1.90-8.82)
0.85 (0.34-1.78)

33.0 (24.0-53.0)
7/0
7.41 (5.65-8.66)
6.88 (1.58-51.20)
1.48 (0.70-3.14)

0.060
0.301
0.736
0.011
0.011

Age (yr)
Sex (male/female)
HBV DNA (log10 copies/mL)
ALT (ULN)
GGT (ULN)
1

Comparison made between NCR and CR groups. Data shown are the median (10th-90th percentile). ALT: Alanine aminotransferase; CR: Complete response;
GGT: Gamma-glutamyl transferase; HBV: Hepatitis B virus; NCR: Non-complete response; ULN: Upper limit of normal.

Clinical outcomes for HBeAg-positive patients treated
with NAs

P < 0.01
P < 0.01

Baseline clinical parameters including GGT levels
were evaluated in the context of patient outcome, CR
or NCR following NA therapy. This cohort consisted
of EPH patients (n = 33) who had received LAM +
ADV combination therapy (20/33; 60.6%) or ETV
monotherapy (13/33; 39.4%), and outcome was
assessed after 48 wk. Baseline characteristics of the
patients are presented in Table 2. The median age of
the patients in the cohort was 28.0 years, and most
of the patients (27/33; 81.8%) were men. After 48
wk of NA therapy, undetectable serum HBV DNA was
achieved in 30/33 (90.9%) patients, and a subset
(7/33; 21.2%) were in CR. Age and gender were
similar between the CR and NCR groups. Baseline
ALT levels were about 2 × higher in the CR group
compared to NCR group, and this difference was
statistically significant (P = 0.011). Furthermore, the
baseline GGT levels were also found to be significantly
higher in the CR group compared to the NCR group (P
= 0.011). However, the relative HBV DNA levels did
not differ between these two groups before treatment.

P < 0.01
P < 0.01

8

P < 0.01
P < 0.01

GGT (ULN)

6

4

P < 0.05

P < 0.05

2

0

HC
(n = 83)

IT
(n = 47)

IC
(n = 55)

ENH
(n = 20)

EPH
(n = 93)

Figure 1 Baseline serum gamma-glutamyl transferase levels are
increased in hepatitis B e antigen-negative and hepatitis B e antigenpositive hepatitis B patients. Data are shown as a median value (10th-90th
percentile). EPH: Hepatitis B e antigen-positive hepatitis; ENH: Hepatitis B e
antigen-negative hepatitis; GGT: Gamma-glutamyl transferase; HC: Healthy
control; IC: Inactive carrier; IT: Immune tolerance; ULN: Upper limit of normal.

HBV DNA, ALT, and GGT levels decrease following NA
therapy

for differences between patient groups. The results
revealed that GGT levels were significantly different
in patients at different phases of CHB (Figure 1).
Specifically, the GGT levels reached as high as about
8 × upper limit of normal (ULN) and were about 2-4
× higher in the EPH and ENH groups compared to IT
and IC patients as well as healthy controls (P < 0.01
for all). However, the GGT levels were comparable in
the EPH and ENH groups. Interestingly, GGT levels in
the IC patients and healthy controls were about 1.5 ×
higher than in the IT group, but all values remained
within the normal range.
Associations between GGT levels and the other
clinical parameters were also investigated. A significant
positive correlation was found between serum GGT
levels and serum ALT levels within the entire cohort
of 215 patients with CHB (r = 0.747, P < 0.001).
However, no significant correlation between serum
GGT levels and HBV DNA levels was observed (r =
0.037).
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The same clinical parameters were analyzed following
the 48 wk of treatment with NAs. Serum levels of HBV
DNA, ALT, and GGT all decreased significantly over 48
wk of treatment for both the CR and NCR groups (P
< 0.05 for all) (Figure 2). The values at intermediate
time points during therapy were also used to assess
the rate at which levels decreased from baseline with
treatment (Figure 3). For HBV DNA and ALT levels
in both groups, decreases in response to therapy
occurred dramatically within the first 12 wk. HBV DNA
levels in the CR group and the rate of decrease closely
paralleled values of the NCR group at weeks 0, 12, 24,
and 48 (Figure 2A and Figure 3A). ALT levels in the CR
group were, however, significantly higher than those
in the NCR group at baseline (P = 0.011), and also
showed a greater decline at weeks 12 (P = 0.009),
24 (P = 0.011), and 48 (P = 0.009; Figure 2B and
Figure 3B). GGT levels also decreased significantly in
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P < 0.05
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Treatment/wk
12
  24

0

48

0.0
GGT decline (ULN)

GGT (ULN)

3

5

15
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2

0
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48
NCR

1
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Treatment/wk
12
  24

0
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0.5
0.0
0

12
24
Treatment/wk

48

1.0
1.5
2.0

NCR
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P < 0.05

P < 0.01

2.5

Figure 2 Serum levels of hepatitis B virus DNA, alanine aminotransferase,
and gamma-glutamyl transferase decrease in complete response and noncomplete response groups after 48 wk of treatment. A: HBV DNA; B: ALT;
C: GGT. Data are shown as the mean ± SE. ALT: Alanine aminotransferase;
CR: Complete response; GGT: Gamma-glutamyl transferase; HBV: Hepatitis B
virus; NCR: Non-complete response; ULN: Upper limit of normal.

Figure 3 Decline of serum alanine aminotransferase and gamma-glutamyl
transferase from baseline differs between complete response and noncomplete response groups after 48 wk of treatment. Decline of serum levels
for A: HBV DNA; B: ALT; C: GGT plotted as a function of time. Data are shown
as the mean ± SE. ALT: Alanine aminotransferase; CR: Complete response;
GGT: Gamma-glutamyl transferase; HBV: Hepatitis B virus; NCR: Non-complete
response; ULN: Upper limit of normal.

CR patients (Figure 2C), and the decline of GGT was
significantly greater in the CR group after 24 wk (P =
0.012) and 48 wk (P = 0.008) of treatment (Figure 3C).

various clinical parameters following treatment also
revealed no significant differences between groups.
Specifically, undetectable HBV DNA levels were
similarly achieved in 55.0% (11/20), 80.0% (16/20)
and 85.0% (17/20) of patients at 12, 24, and 48
wk of LAM + ADV treatment, respectively. For ETV
therapy, HBV DNA was undetectable in 46.2% (6/13),
69.2% (9/13), and 100% (13/13) of patients at 12,
24, and 48 wk, respectively; the differences were
not significant. HBeAg seroconversion was achieved
in 25.0% (5/20) of LAM + ADV treated patients and
15.4% (2/13) of the ETV treated patients at 48 wk.

Antiviral effects are similar for LAM + ADV combination
therapy and ETV monotherapy

The efficacy of LAM + ADV combination therapy and
ETV monotherapy was directly compared on the basis
of baseline levels of clinical characteristics for the two
patient groups and levels after treatment at 12, 24,
and 48 wk. Comparisons of baseline levels for ALT
and HBV DNA, as well as other clinical parameters,
revealed no significant differences between the two
treatment groups (Table 3). Results of the analysis of
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ALT ULN
AUC (CI): 0.648 (0.463-0.806), P = 0.337
GGT ULN
AUC (CI): 0.788 (0.612-0.911), P = 0.006
HBV DNA
AUC (CI): 0.538 (0.357-0.713), P = 0.769

Table 3 Comparisons of the baseline characteristics between
lamivudine plus adefovir and entecavir treated patients

Age (yr)
Sex (male/female)
HBV DNA
(log10 copies/mL)
ALT (ULN)
GGT (ULN)

P value

LAM + ADV

ETV

(n = 20)

(n = 13)

29.5 (23.0-47.8)
17/3
7.25 (5.96-7.98)

24.0 (22.4-41.8)
10/3
7.56 (6.02-8.44)

0.158
0.659
0.334

3.59 (1.66-16.56)
1.01 (0.60-2.55)

3.12 (1.79-17.23)
0.76 (0.33-2.55)

0.548
0.137

100

80

Sensitivity (%)

Characteristic

Data shown are the median (10th-90th percentile). ADV: Adefovir; ALT:
Alanine aminotransferase; ETV: Entecavir; GGT: Gamma-glutamyl
transferase; HBV: Hepatitis B virus; LAM: Lamivudine; ULN: Upper limit
of normal.

40

20

Finally, an analysis of ALT levels in treated patients
over time was performed. LAM + ADV combination
therapy similarly led to normalization of ALT levels in
60.0% (12/20), 70.0% (14/20), and 75.0% (15/20)
of patients at weeks 12, 24, and 48, respectively. ALT
normalization was achieved in response to ETV therapy
in 69.2% (9/13), 53.8% (7/13), and 76.9% (10/13) of
patients at 12, 24, and 48 wk, respectively. Differences
in the rates of ALT normalization in response to either
therapy were not statistically significant at any time
point.

0
0

20

40
60
1-Specificity (%)

80

100

Figure 4 Receiver operating characteristic curves reveal baseline gammaglutamyl transferase levels as a predictive marker for complete response
in hepatitis B e antigen-positive patients following 48 wk of nucleos(t)ide
analogue treatment. Specificity and sensitivity values are plotted as a function
of ALT, GGT, and HBV DNA levels. AUC is calculated with a 95%CI. ALT:
Alanine aminotransferase; AUC: Area under the curve; CI: Confidence interval;
GGT: Gamma-glutamyl transferase; HBV: Hepatitis B virus; ULN: Upper limit of
normal.

GGT levels are a candidate predictor of HBeAg
seroconversion following NA therapy

Baseline GGT, ALT, and HBV DNA levels were assessed
as candidate markers for HBeAg seroconversion
following NA therapy in ROC curves. The areas under
the ROC curves for each of the clinical parameters
demonstrated that only baseline GGT levels achieved
significance in the ability to identify patients who had
achieved CR after 48 wk of NA therapy (0.788, 95%CI:
0.612-0.911; P = 0.006) (Figure 4). The optimal
threshold value for baseline GGT levels was 0.78 ULN,
which yielded a sensitivity of 85.71% for detection of
CR with a specificity of 61.54%. In contrast, serum
ALT and HBV DNA levels failed to predict CR in patients
following 48 wk of NA therapy.

achieved this disease status usually become an
[23]
inactive HBsAg carrier . In this study, serum GGT
levels were examined as a potential marker for HBeAg
seroconversion. The results demonstrate that (1)
serum GGT levels differ significantly among the four
phases during the natural course of CHB, and levels
are significantly higher in EPH and ENH patients
compared to IT and IC groups and healthy controls; (2)
serum GGT levels are positively correlated with serum
ALT levels in patients with CHB; and (3) serum GGT
levels are predictive for HBeAg seroconversion in EPH
patients treated with NAs. The results support serum
GGT levels as a potential biomarker in predicting the
activation of antiviral immune responses and HBeAg
seroconversion for EPH patients after NA treatment.
HBV is noncytopathic. Liver damage, viral control,
and clinical outcome of infection are immunomediated
and dependent on the complex interplay between
[24]
HBV replication and the host immune response .
The natural history of CHB can be divided into five
[2]
phases . While the IT phase is characterized by
positive HBeAg, high levels of serum HBV DNA,
normal or low levels of ALT, minimum inflammation,
[2,25]
and fibrosis on histology
, the EPH phase is often
associated with positive HBeAg, a decrease in HBV
DNA, an increase in ALT concentrations, and moderate
[2,26]
or severe liver necroinflammation
. Persistent
or recurrent increases in ALT with unsuccessful

DISCUSSION
The ability to predict outcome in response to antiviral
agents on the basis of a clinical parameter(s) is an
important component in the development of more
[19]
personalized therapeutic strategies for CHB patients .
Clinical markers that can reliably predict the outcome
of antiviral therapy for individual CHB patients are
thus highly desirable. For EPH patients, HBeAg
seroconversion, defined as the loss of HBeAg from
the patient’s serum, together with the appearance
of neutralizing antibodies (anti-HBe), is the hallmark
feature that highly correlated with a favorable long[20-22]
term outcome in CHB
. CHB patients who have
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immune clearance increase the risk of liver cirrhosis
[27]
and HCC . However, patients in the IC phase
usually exhibit very low (generally < 2000 IU/mL)
or undetectable serum HBV DNA levels, but normal
[2]
serum ALT . After HBeAg seroconversion, some
patients may experience reactivation of HBV infection
with a pattern of fluctuating levels of HBV DNA and
[2,24]
serum ALT, developing into the ENH phase
. It is
known that ENH patients have increased risk of liver
[27]
cirrhosis and HCC . As indications for treatment are
based largely on serum HBV DNA and ALT levels and
[2]
the severity of liver disease , EPH and ENH patients
are often considered for NA treatment. In the case
of EPH patients, HBV DNA levels above 2000 IU/mL,
serum ALT levels above the ULN, and complication of
other liver diseases are considered as indicators for
[2]
treatment .
Currently available treatments for CHB include
conventional interferon-alpha, pegylated interferon[2]
alpha, and six NAs . The NAs ETV and tenofovir
disoproxil are potent HBV inhibitors, and are
recommended as first-line monotherapies as resistance
[2]
to the drugs is slow to develop . However, tenofovir
disoproxil has not been approved for CHB treatment
in China. Thus, initial therapies involving either a
monotherapy or a combination of NA therapies are
reasonable strategies for preventing the development
[28]
of resistance . Both LAM + ADV combination therapy
and ETV monotherapy have been demonstrated to
be effective in naïve (HBeAg-positive and HBeAg[29,30]
negative) CHB patients
. Moreover, the cost of LAM
+ ADV is less than ETV monotherapy in China. Efficacy
of the two treatment strategies was found to be similar
in the cohort of 33 EPH patients analyzed in this study.
The results are consistent with previous findings, and
thus further support this approach in the treatment of
[29,30]
CHB patients in China
.
Pretreatment factors previously found to be
predictive of HBeAg seroconversion in response to
NA treatment were low viral load and high serum ALT
[2,31-34]
levels
. In the present study, serum ALT levels
are relatively higher in the CR group compared to
the NCR group. However, ROC analysis indicated that
serum ALT levels are not predictive for response to
NA therapy. This result is possibly due to the relatively
small sample size (n = 33) of our cohort. Serum GGT
levels of EPH patients at baseline are also significantly
higher in the CR group compared to the NCR group.
Levels did decrease after NA treatment, and at 24
and 48 wk of treatment, the decline in serum GGT
levels was significantly greater in the CR group. High
baseline GGT levels thus appeared to be associated
with response to NA treatment after 48 wk as well as
predictive for HBeAg seroconversion. Therefore, the
GGT levels may be an additional predictor of treatment
outcome in EPH patients.
Baseline and early decline of HBeAg and HBsAg
levels have previously exhibited a high predictive value
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for virologic response and HBeAg seroconversion in
[35-39]
NA-treated EPH patients
. HBeAg and HBsAg,
however, were not quantitated in some of the EPH
patients in our study, and therefore, we were unable
to evaluate the relative predictive value of GGT and/or
quantitative HBeAg and HBsAg.
Why serum GGT levels are linked to NA treatmentinduced HBeAg seroconversion in CHB is unclear. It has
been reported that elevated serum GGT levels may be
related to bile duct damage, severe necroinflammatory
[8,40-42]
activity, advanced fibrosis, or hepatic steatosis
.
Elevated serum GGT levels have also been found to
be associated with advanced histologic liver damage
[43]
in patients with HBV . High activity scores on liver
biopsy have been reported to be a pretreatment
[2]
predictor of anti-HBe seroconversion for NA treatment .
However, the association between serum GGT levels
and activity scores in liver biopsies requires further
study.
In conclusion, the results presented here support
serum GGT as a potential new biomarker for the
design of personalized antiviral therapy for EPH
patients. Thus, serum GGT levels should be included in
the diagnosis and management of more CHB patients
in order to establish the clinical utility of the parameter.
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COMMENTS
COMMENTS
Background

Serum gamma-glutamyl transferase (GGT) has been demonstrated to be
associated with treatment response for chronic hepatitis C. However, whether
a relationship also exists between serum GGT levels and chronic hepatitis B
virus infection (CHB) that could improve the selection of therapeutic modalities
remains unclear.

Research frontiers

Predicting outcome with antiviral agents in CHB patients is under intense
investigation, as the approach might improve the selection of therapeutic
methods. Thus, it is desirable to identify parameters that can reliably predict the
outcome of antiviral therapy for individual patients with CHB.

Innovations and breakthroughs

Serum GGT increased significantly in hepatitis B e antigen (HBeAg)-positive
hepatitis (EPH) and HBeAg-negative hepatitis patients compared to immune
tolerance, inactive carrier, and healthy control groups. High baseline serum
GGT levels exhibited a high predictive value for HBeAg seroconversion in EPH
patients after 48 wk of treatment with nucleos(t)ide analogues.

Applications

The results indicate that serum GGT is a candidate biomarker for prediction of
HBeAg seroconversion in EPH patients treated with nucleos(t)ide analogues.
Evaluation of serum GGT may provide additional information critical for
improvement in the clinical management of CHB patients.
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Terminology

GGT, a key enzyme involved in glutathione metabolism, is a cell surface
heterodimeric glycoprotein that is highly expressed in the biliary epithelium,
kidney tubules, and brain capillaries.
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Peer-review

This is a very interesting manuscript with potential clinical implications for
improving the management of hepatitis B virus infection through the use of
an inexpensive, noninvasive, easy-to-perform test for serum GGT levels. The
manuscript is of interest to the field and well presented. The study design is
well constructed, and the results contribute novel insight into the development
of more personalized therapy for hepatitis B virus patients.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the Osaka City University Institutional
Review Board.

AIM: To evaluate the prognostic significance of the
lymphocyte to monocyte ratio (LMR) in patients with
unresectable metastatic colorectal cancer who received
palliative chemotherapy.

Informed consent statement: All study participants, or their
legal guardians, provided informed written consent prior to study
enrollment.

METHODS: A total of 104 patients with unresectable
metastatic colorectal cancer who underwent palliative
chemotherapy were enrolled. The LMR was calculated
from blood samples by dividing the absolute lym
phocyte count by the absolute monocyte count. Pretreatment LMR values were measured within one week
before the initiation of chemotherapy, while posttreatment LMR values were measured eight weeks
after the initiation of chemotherapy.
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RESULTS: The median pre-treatment LMR was 4.16
(range: 0.58-14.06). We set 3.38 as the cut-off level
based on the receiver operating characteristic curve.
Based on the cut-off level of 3.38, 66 patients were
classified into the high pre-treatment LMR group
and 38 patients were classified into the low pretreatment LMR group. The low pre-treatment LMR
group had a significantly worse overall survival rate (P
= 0.0011). Moreover, patients who demonstrated low
pre-treatment LMR and normalization after treatment
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exhibited a better overall survival rate than the patients
with low pre-treatment and post-treatment LMR values.

degree of systemic inflammation, has been reported to
correlate with survival in various types of malignancies.
However, the prognostic value of the LMR has been
investigated mainly in patients with hematological
malignancies and there have been only a few reports
focusing on patients with solid tumors, such as
[15-22]
colon, bladder, and lung cancers
. Moreover, to
the best of our knowledge, no studies regarding the
prognostic significance of the LMR in patients with
unresectable metastatic CRC are available. The aim of
this retrospective study was to evaluate the prognostic
significance of the LMR in patients with unresectable
metastatic CRC.

CONCLUSION: The lymphocyte to monocyte ratio is a
useful prognostic marker in patients with unresectable
metastatic colorectal cancer who receive palliative
chemotherapy.
Key words: Colorectal cancer; Prognosis; Unresectable;
chemotherapy; Lymphocyte to monocyte ratio
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively analyzed 104 patients
who had unresectable metastatic colorectal cancer.
This study indicated that patients with a low pretreatment lymphocyte to monocyte ratio (LMR) had
a significantly worse overall survival rate. Moreover,
patients who demonstrated low pre-treatment LMR
and normalization after chemotherapy exhibited a
better overall survival rate than patients with low pretreatment and post-treatment LMR values.

MATERIALS AND METHODS
Patients

We retrospectively reviewed a database of 104 patients
who underwent palliative combination chemotherapy
for unresectable metastatic colorectal cancer at
the Department of Surgical Oncology of Osaka City
University between 2005 and 2010.
The patient characteristics are listed in Table 1.
The patient population consisted of 59 males and
45 females, with a median age of 64 years (range:
27-86). According to the definition of the Eastern
Cooperative Oncology Group performance status
(PS), 96 patients were classified as having a PS of 0,
6 patients were classified as having a PS of 1, and
2 patients was classified as having a PS of 2. Sixty
patients had primary tumors located in the colon and
44 had primary tumors located in the rectum. A total
of 42 patients had metachronous unresectable cancer,
and 62 patients had synchronous unresectable cancer.
Fifty-eight patients had only one organ affected by
metastasis and 46 patients had more than one organ
affected by metastasis. Among the 104 patients, 88
underwent resection of a primary tumor. All patients
underwent combination chemotherapy with oxaliplatin
or irinotecan plus 5-fluorouracil/leucovorin or a
prodrug of 5-fluorouracil as first-line chemotherapy.
There was no initiation of palliative chemotherapy for
recurrence while undergoing adjuvant chemotherapy.
64 patients received 5-fluorouracil + leucovorin +
oxaliplatin (FOLFOX), 26 patients received capecitabine
+ oxaliplatin (CapeOX), nine patients received
5-fluorouracil + leucovorin + irinotecan (FOLFIRI),
and five patients received S-1 + oxaliplatin (SOX).
Seventy-six patients underwent chemotherapy
combined with molecular targeted therapy. The
median follow-up period in the survivors was 22.4 mo
(range: 2.6-69.5). During the follow-up period, a total
of 67 patients died.

Shibutani M, Maeda K, Nagahara H, Ohtani H, Sakurai K,
Yamazoe S, Kimura K, Toyokawa T, Amano R, Tanaka H,
Muguruma K, Hirakawa K. Prognostic significance of the
lymphocyte-to-monocyte ratio in patients with metastatic
colorectal cancer. World J Gastroenterol 2015; 21(34): 9966-9973
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i34/9966.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i34.9966

INTRODUCTION
Colorectal cancer (CRC) is the third leading cause
[1]
of cancer-related death worldwide . Patients with
unresectable metastatic CRC have a particularly poor
prognosis. Despite the recent major advances in
new cytotoxic and molecular targeted therapies for
unresectable CRC that have been developed within the
[2-5]
last 10 years , the median survival time of patients
with unresectable metastatic CRC is approximately
[6,7]
only 30 mo . According to the guidelines of the
European Society for Medical Oncology (ESMO), it
is recommended to individualize the treatment of
patients with metastatic CRC based on their tumor[8]
and disease-related characteristics . Therefore, it is
necessary to detect biomarkers for predicting survival.
It is well known that the systemic inflammatory
response plays an important role in cancer pro
[9]
gression . Markers based on systemic inflammation,
such as the neutrophil to lymphocyte ratio (NLR) and
Glasgow prognostic score, have been reported to be
useful for predicting the prognosis in patients with
[10-14]
various types of cancer
. Recently, the lymphocyte
to monocyte ratio (LMR), which also reflects the
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Response evaluations were performed every eight
weeks. A variation of approximately one week was
regarded as an allowable error. All patients were
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Table 1 Patient characteristics

0.75

64 (27-86)
Sensitivity

Age (yr)
Median (range)
Gender
Male
Female
Performance status
0
1
2
Location of primary tumor
Colon
Rectum
Histological type
Well, moderately
Poorly, mucinous
KRAS
Wild type
Mutant type
Unknown
Detection of unresectable tumor
Synchronous
Metachronous
Number of organs affected by metastasis
One organ
More than one organ
Resection of primary tumor
No
Yes
Regimen of first-line chemotherapy
FOLFOX
CapeOX
FOLFIRI
SOX
Molecular targeted therapy
No
Yes
Pre-treatment LMR (mean ± SD)
Pre-treatment NLR (mean ± SD)

59
45
96
6
2

0.25

60
44

0.00
0.00

0.25

0.50

0.75

1.00

1-specificity

81
14

Figure 1 receiver operating characteristic curve analysis of the
lymphocyte to monocyte ratio in patients with unresectable metastatic
colorectal cancer. Area under the curve = 0.703, 95%ci: 0.594-0.812, P =
0.001, positive predictive value = 80.65%, negative predictive value = 59.65%.

25
25
54
62
42

dividing the absolute lymphocyte count by the absolute
monocyte count. The neutrophil to lymphocyte
ratio (NLR) was calculated from a blood sample by
dividing the absolute neutrophil count by the absolute
lymphocyte count.

58
46
16
88

Statistical analysis

64
26
9
5

The significance of correlations between the pretreatment LMR and the clinicopathological cha
2
racteristics were analyzed using the χ test, t-test,
and Mann-Whitney U-test. The duration of survival
was calculated according to the Kaplan-Meier method.
Differences in the survival curves were assessed
using the log-rank test. A multivariate analysis was
performed according to the Cox proportional hazards
model. All statistical analyses were conducted using
the SPSS software package for Windows (SPSS Japan,
Tokyo, Japan). Statistical significance was set at a
value of P < 0.05.

28
76
4.548 ± 2.314
3.204 ± 2.284

FOLFOX: 5-fluorouracil + leucovorin + oxaliplatin; CapeOX: Capecitabine
+ oxaliplatin; FOLFIRI: 5-fluorouracil + leucovorin + irinotecan; SOX: S-1
+ oxaliplatin; LMR: Lymphocyte to monocyte ratio; NLR: Neutrophil to
lymphocyte ratio.

followed up with a physical examination, blood
tests, and tumor marker level measurements [i.e.,
carcinoembryonic antigen (CEA), computed tomo
graphy, and ultrasonography].
We adopted the response evaluation criteria in solid
[23]
tumors (RESIST)
to classify the treatment response
of each patient as one of the following: complete
response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD). An objective
response was defined as either CR or PR, while disease
control was defined as CR, PR, or SD.
Pre-treatment blood samples were obtained within
one week before the initiation of chemotherapy and
post-treatment blood samples were obtained eight
weeks after the initiation of chemotherapy. The
differential white blood cell count was analyzed using
an XE-5000 hematology analyzer (Sysmex, Kobe,
Japan) based on the manufacturer’s protocol. In each
case, the LMR was calculated from a blood sample by

WJG|www.wjgnet.com
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Ethical consideration

This research conformed to the provisions of the
Declaration of Helsinki established in 1995. All patients
were informed of the investigational nature of the
study and provided their written informed consent.
This retrospective study was approved by the ethics
committee of Osaka City University.

RESULTS
Classification according to pre-treatment LMR/NLR

We used the LMR, a continuous variable, as the test
variable and the 24.8-mo survival (median survival
time: 24.8 mo) as the state variable. When we
investigated the cut-off value for the LMR using the
receiver operating characteristic (ROC) curve, we found
that the appropriate cut-off value for the LMR was 3.38
(sensitivity: 90.0%; specificity: 52.1%) (Figure 1). We
therefore set 3.38 as the cut-off value and the patients
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A

B

1.0

1.0
Group A (n = 64)

High LMR group (n = 66)

Survival rate

Survival rate

0.6

P = 0.0011

0.4

Group C (n = 24)

P < 0.0001
P = 0.0208

0.6
0.4
0.2

0.2
0.0

0.0
0

12

24

36

48

60

0

Months after initiation of chemotherapy

C

Group B (n = 10)

0.8

Low LMR group (n = 38)

0.8

12

24

36

48

60

Months after initiation of chemotherapy

Group D (n = 52)

1.0

Group E (n = 33)
Group F (n = 14)

Survival rate

0.8
0.6
0.4
0.2
0.0
0

12

24

36

48

60

Months after initiation of chemotherapy

Figure 2 Overall survival. a: according to the pre-treatment LMR. The overall survival rate was significantly worse in the low pre-treatment LMR group than in the
high pre-treatment LMR group (P = 0.0011); b: according to the combination of the pre-treatment and post-treatment LMR values. The patients in group C exhibited a
worse prognosis than those in groups A and B; C: according to the combination of the pre-treatment and post-treatment neutrophil to lymphocyte ratio values. There
was no significant difference between groups E and F. LMR: Lymphocyte to monocyte ratio.

were classified into high-LMR (n = 66) and low-LMR (n
= 38) groups. We also set the cut-off value for the NLR
at 2.8 in accordance with the findings of a previous
[10]
report .

to the LMR (34.4% vs 28.9%, P = 0.664). However,
the disease control rate of the high-LMR group was
significantly higher than in that of the low-LMR group
(82.8% vs 63.2%, P = 0.033). On the other hand,
there was no significant relationship between the NLR
and the chemotherapeutic response.

Survival analysis according to pre-treatment LMR

The overall survival rate was significantly worse in the
low pre-treatment LMR group than in the high pretreatment LMR group (P = 0.0011) (Figure 2A).

Prognostic factors influencing long-term survival

The correlations between overall survival and the
various clinicopathological factors are shown in Table
4. According to the results of a univariate analysis,
overall survival exhibited significant relationships with
performance status (P < 0.001), number of organs
affected by metastasis (P = 0.045), response to
molecular targeted therapy (P = 0.011), response
to chemotherapy (P = 0.006), pre-treatment LMR
(P = 0.002), and pre-treatment NLR (P < 0.001).
A multivariate analysis indicated that performance
status (HR = 3.345, 95%CI: 1.558-7.182, P = 0.002),
response to molecular targeted therapy (HR = 0.462,
95%CI: 0.263-0.813, P = 0.007), and response to
chemotherapy (HR = 0.432, 95%CI: 0.244-0.765,
P = 0.004) were independent prognostic factors for

Correlation between pre-treatment LMR and
clinicopathological factors

Correlations between the pre-treatment LMR and
clinicopathological factors are shown in Table 2. The
pre-treatment LMR had no significant relationship
with any of the clinicopathological factors, with the
exception of the pre-treatment NLR.

Chemotherapeutic response

The distribution of the chemotherapeutic response
after the administration of first-line chemotherapy with
reference to the LMR/NLR subgroup is shown in Table
3. The objective response rate did not differ according

WJG|www.wjgnet.com

9969

September 14, 2015|Volume 21|Issue 34|

Shibutani M et al . The lymphocyte to monocyte ratio
Patients with low pre-treatment LMR were categorized
into group D. Patients with high pre-treatment NLR
and normalization of the NLR eight weeks after the
initiation of chemotherapy were categorized into group
E. Patients with high pre-treatment and post-treatment
NLR value were categorized into group F. There was no
significant difference between groups E and F (Figure
2C).

Table 2 Correlations between the pre-treatment lymphocyte
to monocyte ratio and clinicopathological factors
Pre-treatment LMR
High
Performance status
0
62
1, 2
4
Location of primary tumor
Colon
39
Rectum
27
Detection of unresectable tumor
Synchronous
39
Metachronous
27
Resection of primary tumor
No
8
Yes
58
Histological type
Well, moderately
51
Poorly, mucinous
10
KRAS
Wild type
15
Mutant type
15
Peritoneal dissemination
Negative
53
Positive
13
Number of organs affected by metastasis
One organ
39
More than one organ
27
Pre-treatment CEA (ng/mL)
≤5
10
>5
54
Average relative dose intensity (%)
Median (range)
100
(60.0-100)
Molecular targeted therapy
No
15
Yes
51
Pre-treatment NLR
< 2.8
48
≥ 2.8
18

Low

P value

34
4

0.459

21
17

0.837

23
15

1.000

8
30

0.264

30
4

0.764

10
10

1.000

32
6

0.793

19
19

0.416

3
35

0.362

96.2
(50.0-100)

pre-treatment and post-treatment absolute neutrophil/
lymphocyte/monocyte counts

The absolute neutrophil count tended to decrease after
chemotherapy. However, the absolute lymphocyte
count did not change after chemotherapy, while the
absolute monocyte count tended to increase after
chemotherapy (Table 5).

DISCUSSION
In this study, we investigated the prognostic sign
ificance of pre-treatment LMR as a marker for
predicting chemotherapeutic response and survival
time in patients with unresectable metastatic CRC.
Moreover, we demonstrated that normalization of
the LMR after chemotherapy resulted in improved
overall survival. Recently, systemic inflammation has
been recognized to correlate with tumor progression
and inflammatory markers have been reported to be
[9-13]
useful for predicting the prognosis
. The LMR is an
inflammatory marker, and a correlation between the
[14-21]
LMR and survival has been reported
. However,
most analyses in previous studies targeted patients
[14-18]
with hematological malignancies
. To the best of
our knowledge, this is the first study to assess the
prognostic significance of the LMR in patients with
unresectable metastatic CRC who received palliative
chemotherapy.
Lymphocytes play an important role in the antitumor immunity of the host, including cytotoxic cell
death and the inhibition of tumor cell proliferation
[9,24-26]
and migration
. The absolute lymphocyte count
is assumed to reflect the degree of responsiveness
[26-28]
of the immune system of the host
. A decreased
number of lymphocytes is therefore considered to be
responsible for an insufficient immunologic reaction
to the tumor, thus promoting tumor progression and
[20]
metastasis .
On the other hand, monocytes play an important
[9,29]
role in tumor progression and metastasis
. Tumorassociated macrophages (TAMs), which are derived
from circulating monocytes, suppress adaptive immunity
and promote angiogenesis, invasion, migration, and
[9,30-32]
tumor growth
. The circulating level of monocytes
in the peripheral blood is reported to reflect the
[20,22]
formation and/or presence of TAMs
. Therefore,
an increased level of monocytes reflects a high tumor
burden in patients with cancer.
As mentioned above, the LMR reflects both the
immune status of the host and the degree of tumor

0.697

13
25

0.253

5
33

< 0.001

CEA: Carcinoembryonic antigen; LMR: Lymphocyte to monocyte ratio;
NLR: Neutrophil to lymphocyte ratio.

survival.

Correlation between normalization of LMR/NLR eight
weeks after chemotherapy and survival

We evaluated the prognostic significance of nor
malization of the LMR/NLR eight weeks after the
initiation of chemotherapy. We categorized the patients
into three groups according to the combination of
their pre-treatment and post-treatment LMR values.
Patients with high pre-treatment LMR were categorized
into group A. Patients with low pre-treatment LMR
and normalization of the LMR eight weeks after the
initiation of chemotherapy were categorized into group
B. Patients with low pre-treatment and post-treatment
LMR value were categorized into group C. The patients
in group C exhibited a worse prognosis than those
in groups A and B (A vs C, P < 0.0001; B vs C, P =
0.0308) (Figure 2B). We categorized the patients
into three groups according to the combination of
their pre-treatment and post-treatment NLR values.
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Table 3 Treatment response to chemotherapy according to the pre-treatment lymphocyte to monocyte ratio/neutrophil to
lymphocyte ratio
Response

LMR

CR
PR
SD
PD
Objective response rate
Disease control rate

NLR

High (n = 64)

Low (n = 38)

2
20
31
11
34.4%
82.8%

2
9
13
14
28.9%
63.2%

P value

High (n = 51)

Low (n = 51)

P value

0.664
0.033

2
12
22
15
27.5%
70.6%

2
17
22
10
37.3%
80.4%

0.397
0.357

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; LMR: Lymphocyte to monocyte ratio; NLR: Neutrophil to
lymphocyte ratio.

Table 4 Correlations between overall survival and various clinicopathological factors
Univariate analysis
Performance status (≥ 1)
Location of primary tumor (colon)
Detection of unresectable tumor (synchronous)
Histological type (poorly, mucinous)
Peritoneal dissemination (yes)
Number of organs affected by metastasis (≥ 2)
Pre-treatment CEA (> 5 ng/mL)
Resection of primary tumor (no)
Molecular targeted therapy (yes)
Response to chemotherapy (CR, PR)
Pre-treatment LMR (< 3.38)
Pre-treatment NLR (< 2.8)

Multivariate analysis

HR

95%CI

P value

HR

95%CI

P value

3.821
1.405
1.407
1.283
0.981
1.637
1.949
1.716
0.496
0.459
2.273
2.578

1.805-8.087
0.857-2.304
0.852-2.312
0.644-2.556
0.534-1.802
1.012-2.648
0.841-4.521
0.948-3.104
0.289-0.853
0.264-0.797
1.368-3.777
1.569-4.237

< 0.001
0.177
0.182
0.478
0.951
0.045
0.120
0.074
0.011
0.006
0.002
< 0.001

3.345

1.558-7.182

0.002

1.270

0.737-2.187

0.389

1.736
0.462
0.432
1.734
1.734

0.871-3.459
0.263-0.813
0.244-0.765
0.942-3.192
0.947-3.178

0.117
0.007
0.004
0.077
0.075

CEA: Carcinoembryonic antigen; CR: Complete response; PR: Partial response; LMR: Lymphocyte to monocyte ratio; NLR: Neutrophil to lymphocyte ratio.

Table 5 Pre-treatment and post-treatment absolute neutrophil/lymphocyte/monocyte counts
Pre-treatment value

Post-treatment value

P value

4538.5 ± 200.4
1664.3 ± 649.1
422.1 ± 19.0

2798.0 ± 190.0
1610.5 ± 671.0
471.7 ± 24.6

< 0.001
0.247
0.027

4455.8 ± 1962.6
1694.9 ± 695.4
412.4 ± 181.0

2791.7 ± 1859.9
1639.2 ± 677.8
457.3 ± 248.4

< 0.001
0.365
0.001

4567.6 ± 1873.2
1307.5 ± 440.8
466.9 ± 221.0

2879.4 ± 2007.3
1238.6 ± 342.1
427.0 ± 134.2

0.038
0.394
0.174

All patients
Neutrophil (mean ± SD)
Lymphocyte (mean ± SD)
Monocyte (mean ± SD)
Patients receiving chemotherapy based on oxaliplatin
Neutrophil (mean ± SD)
Lymphocyte (mean ± SD)
Monocyte (mean ± SD)
Patients receiving chemotherapy based on irinotecan
Neutrophil (mean ± SD)
Lymphocyte (mean ± SD)
Monocyte (mean ± SD)

progression. Since both a low lymphocyte count and
a high monocyte count reflect insufficient anti-tumor
immunity and an elevated tumor burden, a low LMR is
associated with a poorer prognosis.
In this study, normalization of the LMR eight weeks
after the initiation of chemotherapy tended to correlate
with an improvement in overall survival. Based on
this result, the post-treatment LMR is considered to
reflect the responsiveness of chemotherapy. The LMR
is therefore a useful marker for monitoring tumor
progression in patients with unresectable metastatic
CRC who receive palliative chemotherapy.

WJG|www.wjgnet.com

The NLR, which has been reported to correlate with
survival in patients with CRC, is quite similar to the
LMR, as both results can be easily obtained from an
examination of the peripheral blood. Although the pretreatment NLR significantly correlated with the pretreatment LMR and similar results regarding the longterm survival were obtained, only the LMR significantly
correlated with the chemotherapeutic response.
Moreover, in relation to the normalization of the
value after chemotherapy, only the LMR significantly
correlated with survival. Since the absolute neutrophil
count tends to decrease after chemotherapy, the NLR
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tends to improve regardless of whether the tumor is
controlled. On the other hand, because the absolute
monocyte count tends to increase, the LMR tends to
worsen, regardless of whether the tumor progresses.
The normalization of the LMR after chemotherapy
despite such situations is considered to reflect tumor
control. This is because the prognostic significance of
normalization after chemotherapy varied between the
LMR and NLR. Therefore, the LMR is considered to be
superior to the NLR.
There are some possible limitations associated
with this study. First, we evaluated a relatively
small number of patients and the study design was
retrospective. Second, factors such as infection,
ischemia, and coronary syndrome, which may affect
the white blood cell count, were not taken into
consideration. Third, the appropriate cut-off value for
the LMR was not uniform in previous studies, although
we set 3.38 as the cut-off value in the current study
based on the ROC curve. Large prospective studies
should therefore be performed to confirm our findings.

This is a good descriptive study in which the authors evaluated the prognostic
significance of the lymphocyte to monocyte ratio in patients with unresectable
metastatic colorectal cancer who underwent palliative chemotherapy. The study
is well structured and the subject is clear and interesting. The manuscript is
correctly written and the conclusions are justified by the results found in the
study.

REFERENCES
1
2

3

4

COMMENTS
COMMENTS
Background

Despite recent major advances in the development of new cytotoxic and
molecular targeted therapies, patients with unresectable metastatic colorectal
cancer (CRC) still have a poor prognosis. According to the guidelines of the
European Society for Medical Oncology, it is recommended that the treatment
of patients with metastatic CRC be individualized based on their tumor- and
disease-related characteristics. It is therefore necessary to detect biomarkers
for predicting survival.

5

6

Research frontiers

The lymphocyte to monocyte ratio (LMR) is a useful marker for predicting
survival and chemotherapeutic response. This marker can therefore be used for
the individualization of treatment in patients with unresectable metastatic CRC.
By using this marker, the authors can identify patients with a high risk of a poor
prognosis, and thereby choose the most appropriate intensive therapy.

Innovations and breakthroughs

7

It is difficult to predict the prognosis of patients with unresectable metastatic
CRC. A few markers for predicting patient survival have been reported
previously. Survival prediction is important for planning an appropriate course
of treatment. The LMR was revealed to correlate with both survival and the
chemotherapeutic response in the present study. The LMR makes a useful
clinical biological marker because its measurement by peripheral blood cell
count is a quick and easy assay to perform.

8

Applications

9

The results of the present study suggest that the LMR is a useful prognostic
marker for predicting survival and chemotherapeutic response in patients with
unresectable metastatic CRC who undergo palliative chemotherapy.

10

Terminology

The LMR was calculated from a blood sample by dividing the absolute
lymphocyte count by the absolute monocyte count. The LMR reflects the
immune status and systemic inflammatory response of the host. Immune
status and systemic inflammation have been reported to correlate with tumor
progression, invasion, and metastasis. The LMR is thus considered to correlate
with the survival of patients with CRC.

WJG|www.wjgnet.com

11

9972

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics,
2002. CA Cancer J Clin 2005; 55: 74-108 [PMID: 15761078]
Douillard JY, Cunningham D, Roth AD, Navarro M, James RD,
Karasek P, Jandik P, Iveson T, Carmichael J, Alakl M, Gruia G, Awad
L, Rougier P. Irinotecan combined with fluorouracil compared with
fluorouracil alone as first-line treatment for metastatic colorectal
cancer: a multicentre randomised trial. Lancet 2000; 355: 1041-1047
[PMID: 10744089 DOI: 10.1016/S0140-6736(00)02034-1]
de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A,
Cassidy J, Boni C, Cortes-Funes H, Cervantes A, Freyer G,
Papamichael D, Le Bail N, Louvet C, Hendler D, de Braud F,
Wilson C, Morvan F, Bonetti A. Leucovorin and fluorouracil with
or without oxaliplatin as first-line treatment in advanced colorectal
cancer. J Clin Oncol 2000; 18: 2938-2947 [PMID: 10944126]
Saltz LB, Clarke S, Díaz-Rubio E, Scheithauer W, Figer A, Wong
R, Koski S, Lichinitser M, Yang TS, Rivera F, Couture F, Sirzén
F, Cassidy J. Bevacizumab in combination with oxaliplatin-based
chemotherapy as first-line therapy in metastatic colorectal cancer:
a randomized phase III study. J Clin Oncol 2008; 26: 2013-2019
[PMID: 18421054 DOI: 10.1200/JCO.2007.14.9930]
Bokemeyer C, Bondarenko I, Makhson A, Hartmann JT, Aparicio J,
de Braud F, Donea S, Ludwig H, Schuch G, Stroh C, Loos AH, Zubel
A, Koralewski P. Fluorouracil, leucovorin, and oxaliplatin with and
without cetuximab in the first-line treatment of metastatic colorectal
cancer. J Clin Oncol 2009; 27: 663-671 [PMID: 19114683 DOI:
10.1200/JCO.2008.20.8397]
Heinemann V, von Weikersthal LF, Decker T, Kiani A, VehlingKaiser U, Al-Batran SE, Heintges T, Lerchenmüller C, Kahl C,
Seipelt G, Kullmann F, Stauch M, Scheithauer W, Hielscher J,
Scholz M, Müller S, Link H, Niederle N, Rost A, Höffkes HG,
Moehler M, Lindig RU, Modest DP, Rossius L, Kirchner T, Jung
A, Stintzing S. FOLFIRI plus cetuximab versus FOLFIRI plus
bevacizumab as first-line treatment for patients with metastatic
colorectal cancer (FIRE-3): a randomised, open-label, phase 3
trial. Lancet Oncol 2014; 15: 1065-1075 [PMID: 25088940 DOI:
10.1016/S1470-2045(14)70330-4]
Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, Hedrick
E, Kozloff M. Bevacizumab beyond first progression is associated
with prolonged overall survival in metastatic colorectal cancer:
results from a large observational cohort study (BRiTE). J Clin
Oncol 2008; 26: 5326-5334 [PMID: 18854571 DOI: 10.1200/
JCO.2008.16.3212]
Van Cutsem E, Cervantes A, Nordlinger B, Arnold D. Metastatic
colorectal cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2014; 25 Suppl 3:
iii1-iii9 [PMID: 25190710 DOI: 10.1093/annonc/mdu260]
Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature 2008; 454: 436-444 [PMID: 18650914 DOI:
10.1038/nature07205]
Shibutani M, Maeda K, Nagahara H, Noda E, Ohtani H,
Nishiguchi Y, Hirakawa K. A high preoperative neutrophil-tolymphocyte ratio is associated with poor survival in patients with
colorectal cancer. Anticancer Res 2013; 33: 3291-3294 [PMID:
23898094]
Maeda K, Shibutani M, Otani H, Nagahara H, Sugano K, Ikeya
T, Amano R, Kimura K, Sakurai K, Kubo N, Muguruma K,
Tanaka H, Inoue T, Hirakawa K. Prognostic value of preoperative
inflammation-based prognostic scores in patients with stage IV

September 14, 2015|Volume 21|Issue 34|

Shibutani M et al . The lymphocyte to monocyte ratio

12

13

14

15

16

17

18

19

20

21

colorectal cancer who undergo palliative resection of asymptomatic
primary tumors. Anticancer Res 2013; 33: 5567-5573 [PMID:
24324099]
Shimada H, Takiguchi N, Kainuma O, Soda H, Ikeda A, Cho A,
Miyazaki A, Gunji H, Yamamoto H, Nagata M. High preoperative
neutrophil-lymphocyte ratio predicts poor survival in patients
with gastric cancer. Gastric Cancer 2010; 13: 170-176 [PMID:
20820986 DOI: 10.1007/s10120-010-0554-3]
Xue P, Kanai M, Mori Y, Nishimura T, Uza N, Kodama Y,
Kawaguchi Y, Takaori K, Matsumoto S, Uemoto S, Chiba T.
Neutrophil-to-lymphocyte ratio for predicting palliative chemotherapy
outcomes in advanced pancreatic cancer patients. Cancer Med 2014; 3:
406-415 [PMID: 24519894 DOI: 10.1002/cam4.204]
Tomita M, Ayabe T, Chosa E, Nakamura K. Prognostic
significance of pre- and postoperative glasgow prognostic score for
patients with non-small cell lung cancer. Anticancer Res 2014; 34:
3137-3140 [PMID: 24922684]
Li YL, Gu KS, Pan YY, Jiao Y, Zhai ZM. Peripheral blood
lymphocyte/monocyte ratio at the time of first relapse predicts
outcome for patients with relapsed or primary refractory diffuse
large B-cell lymphoma. BMC Cancer 2014; 14: 341 [PMID:
24884604 DOI: 10.1186/1471-2407-14-341]
Koh YW, Park CS, Yoon DH, Suh C, Huh J. Should the cutoff values of the lymphocyte to monocyte ratio for prediction of
prognosis in diffuse large B-cell lymphoma be changed in elderly
patients? Eur J Haematol 2014; 93: 340-348 [PMID: 24766257]
Kumagai S, Tashima M, Fujikawa J, Iwasaki M, Iwamoto Y, Sueki
Y, Fukunaga A, Yanagita S, Nishikori M, Takaori-Kondo A, Arima
N. Ratio of peripheral blood absolute lymphocyte count to absolute
monocyte count at diagnosis is associated with progression-free
survival in follicular lymphoma. Int J Hematol 2014; 99: 737-742
[PMID: 24756873 DOI: 10.1007/s12185-014-1576-0]
Porrata LF, Ristow KM, Habermann TM, Witzig TE, Colgan JP,
Inwards DJ, Ansell SM, Micallef IN, Johnston PB, Nowakowski
G, Thompson CA, Markovic SN. Peripheral blood absolute
lymphocyte/monocyte ratio during rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisone treatment cycles predicts
clinical outcomes in diffuse large B-cell lymphoma. Leuk
Lymphoma 2014; 55: 2728-2738 [PMID: 24547705 DOI: 10.3109/
10428194.2014.893313]
Koh YW, Kang HJ, Park C, Yoon DH, Kim S, Suh C, Go H,
Kim JE, Kim CW, Huh J. The ratio of the absolute lymphocyte
count to the absolute monocyte count is associated with prognosis
in Hodgkin’s lymphoma: correlation with tumor-associated
macrophages. Oncologist 2012; 17: 871-880 [PMID: 22588324
DOI: 10.1634/theoncologist.2012-0034]
Stotz M, Pichler M, Absenger G, Szkandera J, Arminger F,
Schaberl-Moser R, Samonigg H, Stojakovic T, Gerger A. The
preoperative lymphocyte to monocyte ratio predicts clinical
outcome in patients with stage III colon cancer. Br J Cancer 2014;
110: 435-440 [PMID: 24357796 DOI: 10.1038/bjc.2013.785]

22

23

24
25
26

27

28

29

30

31
32

Temraz S, Mukherji D, Farhat ZA, Nasr R, Charafeddine M,
Shahait M, Wehbe MR, Ghaida RA, Gheida IA, Shamseddine
A. Preoperative lymphocyte-to-monocyte ratio predicts clinical
outcome in patients undergoing radical cystectomy for transitional
cell carcinoma of the bladder: a retrospective analysis. BMC Urol
2014; 14: 76 [PMID: 25234356 DOI: 10.1186/1471-2490-14-76]
Hu P, Shen H, Wang G, Zhang P, Liu Q, Du J. Prognostic
significance of systemic inflammation-based lymphocytemonocyte ratio in patients with lung cancer: based on a large
cohort study. PLoS One 2014; 9: e108062 [PMID: 25275631 DOI:
10.1371/journal.pone.0108062]
Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein
L, Shankar L, Dodd L, Kaplan R, Lacombe D, Verweij J. New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer 2009; 45: 228-247 [PMID:
19097774 DOI: 10.1016/j.ejca.2008.10.026]
Terzić J, Grivennikov S, Karin E, Karin M. Inflammation and
colon cancer. Gastroenterology 2010; 138: 2101-2114.e5 [PMID:
20420949 DOI: 10.1053/j.gastro.2010.01.058]
Lin EY, Pollard JW. Role of infiltrated leucocytes in tumour
growth and spread. Br J Cancer 2004; 90: 2053-2058 [PMID:
15164120 DOI: 10.1038/sj.bjc.6601705]
Hoffmann TK, Dworacki G, Tsukihiro T, Meidenbauer N,
Gooding W, Johnson JT, Whiteside TL. Spontaneous apoptosis of
circulating T lymphocytes in patients with head and neck cancer
and its clinical importance. Clin Cancer Res 2002; 8: 2553-2562
[PMID: 12171883]
Kitayama J, Yasuda K, Kawai K, Sunami E, Nagawa H. Circulating
lymphocyte is an important determinant of the effectiveness of
preoperative radiotherapy in advanced rectal cancer. BMC Cancer
2011; 11: 64 [PMID: 21306650 DOI: 10.1186/1471-2407-11-64]
Cézé N, Thibault G, Goujon G, Viguier J, Watier H, Dorval E,
Lecomte T. Pre-treatment lymphopenia as a prognostic biomarker
in colorectal cancer patients receiving chemotherapy. Cancer
Chemother Pharmacol 2011; 68: 1305-1313 [PMID: 21448592 DOI:
10.1007/s00280-011-1610-3]
Evani SJ, Prabhu RG, Gnanaruban V, Finol EA, Ramasubramanian
AK. Monocytes mediate metastatic breast tumor cell adhesion to
endothelium under flow. FASEB J 2013; 27: 3017-3029 [PMID:
23616566 DOI: 10.1096/fj.12-224824]
Mantovani A, Bottazzi B, Colotta F, Sozzani S, Ruco L. The
origin and function of tumor-associated macrophages. Immunol
Today 1992; 13: 265-270 [PMID: 1388654 DOI: 10.1016/0167-56
99(92)90008-U]
Pollard JW. Tumour-educated macrophages promote tumour
progression and metastasis. Nat Rev Cancer 2004; 4: 71-78 [PMID:
14708027 DOI: 10.1038/nrc1256]
Condeelis J, Pollard JW. Macrophages: obligate partners for tumor
cell migration, invasion, and metastasis. Cell 2006; 124: 263-266
[PMID: 16439202 DOI: 10.1016/j.cell.2006.01.007]
P- Reviewer: Lakatos PL, Liu XE, Nishida T, Wang G
S- Editor: Ma YJ L- Editor: Rutherford A E- Editor: Liu XM

WJG|www.wjgnet.com

9973

September 14, 2015|Volume 21|Issue 34|

World J Gastroenterol 2015 September 14; 21(34): 9974-9981
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i34.9974

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Clinical utility of a new endoscopic scoring system for
Crohn’s disease
Kazuhiro Morise, Takafumi Ando, Osamu Watanabe, Masanao Nakamura, Ryoji Miyahara, Osamu Maeda,
Kazuhiro Ishiguro, Yoshiki Hirooka, Hidemi Goto
Article in press: July 15, 2015
Published online: September 14, 2015

Kazuhiro Morise, Takafumi Ando, Osamu Watanabe,
Masanao Nakamura, Ryoji Miyahara, Osamu Maeda, Kazuhiro
Ishiguro, Hidemi Goto, Department of Gastroenterology and
Hepatology, Nagoya University Graduate School of Medicine,
Nagoya, Aichi 466-8550, Japan

Abstract

Yoshiki Hirooka, Hidemi Goto, Department of Endoscopy,
Nagoya University Hospital, Nagoya, Aichi 466-8550, Japan

AIM: To evaluate the clinical value of the newly
modified Simple Endoscopic Score for Crohn’s disease
(mSES-CD).
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manuscript.

METHODS: Seventy-six Crohn’s disease (CD) patients
who underwent transanal double balloon endoscopy
(DBE) in our hospital between 2003 and 2012 were
retrospectively reviewed. DBE is defined as small
intestinal endoscopy using two attached balloons.
We included patients with stenosis which hampered
passage of the scope and those who underwent DBE
with observation for at least 80 cm from the ileocecal
valve. Our new mSES-CD assesses the endoscopic
activity of two consecutive small intestinal segments
located 0-40 cm and 40-80 cm from the ileocecal valve
by DBE, in addition to the activity of four colorectal
segments. To compare the usefulness of mSES-CD
with SES-CD, we similarly divided the patients into two
groups according to total mSES-CD score (low disease
activity group, < 4; high disease activity group, ≥ 4).
The clinical value of mSES-CD in predicting clinical
outcome in patients with CD was evaluated using the
occurrence of surgery after DBE as an endpoint.
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RESULTS: Median age of the 76 CD patients was 36
years (range, 16-71). Thirty-nine patients had stenosis
which hampered passage of the DBE to 80 cm on
the proximal side from the ileocecal valve. Median
evaluable length of small intestine by DBE was 80 cm
(range, 3-200). A total of 74 patients had one or more
small intestinal lesions detected by DBE, of which 62
(83.8%) were within 80 cm of the ileocecal valve on the
proximal side. Only two patients (2.7%) with proximal-
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side lesions more than 80 cm from the ileocecal valve
did not have lesions within 80 cm. Patients with high
mSES-CD scores showed significantly shorter surgeryfree survival than those with low scores (P < 0.05). In
contrast, surgery-free survival did not significantly differ
between the low and high SES-CD groups (P > 0.05).
Multivariate analysis by a Cox proportional hazards
model identified mSES-CD as an independent factor for
surgery-free survival.

surgery during long-term follow-up in patients
treated with infliximab (IFX). To evaluate MH, several
conventional endoscopic scoring methods for CD
have been proposed, including the Crohn’s Disease
Endoscopic Index of Severity (CDEIS) and Simple
[6,7]
Endoscopic Score for Crohn’s Disease (SES-CD) .
The SES-CD scores four variables - ulcer size, extent
of ulcerated surface, extent of affected surface, and
stenosis - from 0 to 3 in the five segments of the
ileum, right colon, transverse colon, left colon, and
[8]
rectum. Daperno et al reported that the SES-CD is
a simple, reproducible, and easily used endoscopic
scoring system for CD, and showed a strong correlation
with CDEIS (r = 0.920).
The recent availability of double balloon endoscopy
(DBE) allows evaluation of the activity of small
intestinal lesions as well as colorectal lesions by an
endoscopic procedure. Although a number of incidents
have been reported, serious complications with DBE
[9-11]
are rare, particularly with diagnostic DBE
. To date,
however, a method of evaluating MH in CD which
includes the small intestine has not been established.
To date, capsule endoscopy (CE) and magnetic
resonance enterography (MRE) have both been shown
[12-16]
to be capable of assessing mucosal healing
.
However, a method of evaluating MH which includes
small intestinal lesions in patients with CD using DBE
has not been established.
Here, we assessed the importance of evaluating
the endoscopic activity of small intestinal lesions
by DBE. We also propose a newly modified Simple
Endoscopic Score for Crohn’s disease (mSES-CD),
which includes assessment of the endoscopic activity
of small intestinal lesions, and evaluate its usefulness
in predicting the prognosis of CD.

CONCLUSION: mSES-CD is useful in evaluating the
risk of surgery-free survival in patients with CD.
Key words: Crohn’s disease; Modified Simple Endoscopic
Score; Mucosal healing; Double balloon endoscopy;
Surgery-free survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Modified Simple Endoscopic Score for Crohn’s
disease (mSES-CD) is a new scoring method which
includes assessment of the endoscopic activity of small
intestinal as well as colorectal lesions by double balloon
endoscopy. mSES-CD is useful in evaluating the risk of
salvage surgery-free survival in patients with Crohn’s
disease.
Morise K, Ando T, Watanabe O, Nakamura M, Miyahara R,
Maeda O, Ishiguro K, Hirooka Y, Goto H. Clinical utility of a
new endoscopic scoring system for Crohn’s disease. World J
Gastroenterol 2015; 21(34): 9974-9981 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/9974.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.9974

INTRODUCTION

MATERIALS AND METHODS

Crohn’s disease (CD) is an inflammatory bowel disease
of unknown etiology. In Japan, the Research Committee
of Inflammatory Bowel Disease, established by the
Japanese Ministry of Health and Welfare, estimates that
the number of patients with CD is increasing by 1500
every year. CD is characterized as a chronic process
with repeating recurrence and recrudescence, and can
affect any part of the gastrointestinal tract. Many CD
[1]
patients require surgery, with Solberg et al reporting
a cumulative probability of surgery over 10 years of
37.9%.
The traditional goal of CD therapy has been the
induction and maintenance of clinical remission. With
the availability of monoclonal antibodies, however, the
goal of treatment has switched to mucosal healing
(MH). Previous reports showed that, because of its
association with the prognosis of CD, MH is more
[2-4]
important than clinical remission
. For example,
[5]
Schnitzler et al reported that MH was significantly
associated with a lower need for major abdominal

Patients

WJG|www.wjgnet.com

The study was approved by the ethical review
committee of Nagoya University Hospital. CD was
diagnosed on the basis of standard clinical, endoscopic,
and histological criteria. Between 2003 and 2012, the
medical records of 76 patients with CD who underwent
transanal DBE in our hospital were retrospectively
reviewed. We included patients with stenosis which
hampered passage of the scope and those who
underwent DBE with observation for at least 80 cm
from the ileocecal valve. Median age was 36 years
(range, 16-71 years) and 60 of 76 were male. Patient
characteristics are summarized in Table 1.

Double balloon endoscopy

DBE was first performed in humans by Yamamoto et
[17]
al
in 2000, and has been available for the clinical
care of CD patients in Japan since 2003. In brief, DBE
is performed using two balloons, one attached to
the tip of the endoscope and the second at the distal
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Table 1 Patient characteristic

40

76
60:16
24 (11-71)
36 (16 -71)
7.5 (0-33)
16:28:32
40
27:43:6
106.7 ± 54.6

30
20

37

10

16

0
0-10
SES-CD

29
18
61
63
4

37/61
(62%)

0-40

40-80

7

5

80-120

120-160

7/17
(41%)

5/11
(45%)

0
160 (cm)

mSES-CD
46/59
(78%)

16/35
(46%)

0/1
(0%)

Figure 1 Number of patients with small intestinal lesions of Crohn’s
disease according to distance from the ileocecal valve (n = 74). Sixtytwo (83.8%) of 74 patients with small intestinal lesions which existed within
80 cm of the ileocecal valve on the proximal side were assessed by modified
Simple Endoscopic Score for Crohn’s disease (mSES-CD), whereas 37 (50.0%)
patients with small intestinal lesions were assessed by SES-CD. Only two
patients had a small intestinal lesion more than 80 cm from the ileocecal valve
on the proximal side but no lesions within 80 cm.

1

median (range); 2mean ± SD. Location: L1, colorectum; L2, colorectum and
small intestine; L3, small intestine; Behaviour: B1, non-structuring nonpenetrating B2, stricturing B3, penetrating; CDAI: Crohn's disease activity
index; ASA: Aminosalicylic acid; DBE: Double balloon enteroscopy.

end of the overtube. The role of these balloons is to
grip the intestinal wall, thereby allowing easy further
insertion of the endoscope without the formation of
redundant loops in the small intestine.

outcome in patients with CD was evaluated using
the occurrence of surgery after DBE as an endpoint.
Surgery-free survival was defined as the time from
the date of DBE to the date of surgery or date of last
follow-up, whichever occurred first. Surgeries included
laparotomies for intestinal resection, strictureplasty
and abscess drainage. These surgeries were performed
as a result of failure of medical therapy.

Data collection and SES-CD assessment

Demographic and clinical data were collected from the
medical records. SES-CD was assessed according to
previous reports. Briefly, five segments were evaluated,
namely the right colon, transverse colon, left colon,
rectum, and ileum. Four variables were assessed in
each segment: ulcer size, extent of ulcerated surface,
extent of affected surface, and stenosis. Each variable
was scored from 0 to 3 giving a total score range of
[8]
0-56 . Patients were divided into two groups according
to total SES-CD score, with < 4 classified in the low
disease activity group and ≥ 4 in the high disease
[18]
activity group .

Statistical analysis

Categorical variables were compared by the χ test
or Fisher’s exact test, and continuous variables were
compared by the independent Student’s t test. The
association of endoscopic activity (mSES-CD and
SES-CD) with CRP was assessed by Spearman’s rank
correlation coefficient. Surgery-free survival was
analyzed by the Kaplan-Meier method and statistical
differences were calculated by the log-rank test.
Independent factors associated with surgery-free
survival were identified by univariate and multivariate
analyses using the Cox proportional hazards model.
Statistical analyses were carried out with a statistical
software package (IBM SPSS version 20), with P < 0.05
considered statistically significant.

Definition of mSES-CD

In this study, we devised a newly modified SES-CD
which incorporates evaluation of endoscopic activity
in the small intestine by DBE. Scoring for this newly
mSES-CD is done using endoscopic activity in the two
consecutive small intestinal segments extending 0-40
cm and 40-80 cm from the ileocecal valve, and in the
four colorectal segments. The right colon segment
included the ileocecal valve. The scores of the two
intestinal segments were evaluated using the same
[8]
scoring method as SES-CD , giving a total score range
for the mSES-CD of 0-67. To compare clinical values
of the mSES-CD with SES-CD, we similarly divided the
patients into two groups according to total mSES-CD
score (low disease activity group, < 4; high disease
[18]
activity group, ≥ 4) .

2

RESULTS
Patient characteristics and feasibility of DBE

Of 76 patients, 39 had stenosis which hampered
passage of the scope to 80 cm on the proximal side
from the ileocecal valve. Median total DBE-evaluable
length of small intestine was 80 cm (range, 3-200). A
total of 74 patients with one or more small intestinal
lesions were detected by DBE (Figure 1), of which 62
(83.8%) were within 80 cm of the ileocecal valve on
the proximal side. In addition, only two patients (2.7%)

Study outcomes

The clinical value of mSES-CD in predicting clinical
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n

n
Sex (M:F)
Age at diagnosis (yr)1
Age at DBE (yr)1
Disease duration (yr)1
Disease location (L1:L2:L3)
Prior surgery
Disease behavior (B1:B2:B3)
CDAI2
Medication at DBE
Infliximab
Azathioprine
Elemental diet
5-ASA
No medication
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and high mSES-CD groups, CRP was significantly
higher and albumin was significantly lower in the high
mSES-CD group. The total number of patients who
underwent surgery was 26 of 76 patients in this study.
Of these, 3 (12%), 13 (50%) and 10 (38%) had a
disease location in the colorectum, both colorectum
and small intestine, and small intestine, respectively.
We next examined the correlation between surgeryfree survival and demographic and clinical data. On
univariate analysis, mSES-CD, IFX treatment and
disease duration were significantly associated with
surgery-free survival, whereas SES-CD and CRP
were not (Table 3). On multivariate analysis using
a Cox proportional hazards model, mSES-CD was
an independent factor associated with surgery-free
survival, in addition to disease duration and treatment
with IFX. Finally, we examined the correlation between
surgery-free survival and the mSES-CD and SES-CD
groups. The low mSES-CD group had significantly
better survival than the high mSES-CD group (P < 0.05,
log-rank test). In contrast, surgery-free survival did
not significantly differ between the low and high SESCD groups (P > 0.05, log-rank test). Kaplan-Meier
analysis by mSES-CD and SES-CD groups is shown
in Figure 2. In addition, we performed additional
subgroup analysis in patients without stenosis. This
analysis showed a tendency to poorer surgery-free
survival in patients with a high mSES-CD score (≥ 4)
compared to low mSES-CD score (P = 0.332 log-rank
test), albeit without statistical significance.

Table 2 Comparison of clinical variables between the low and
high modified Simple Endoscopic Score for Crohn’s disease
groups
mSES-CD

Low (< 4)

High (≥ 4)

P value

Number
Sex (Male:Female)
Mean age at diagnosis (yr)
Mean disease duration (yr)
Prior surgery (yes/no)
Infliximab (yes/no)
Azathioprine (yes/no)
Elemental diet (yes/no)
5-ASA (yes/no)
CDAI
CRP (mg/dL)
Albumin (g/dL)

16
15:1
27.2 ± 8.9
13.1 ± 8.0
10:6
8:8
2:14
14:2
15:1
90.0 ± 55.4
0.16 ± 0.21
4.01 ± 0.82

60
45:15
25.8 ± 11.0
9.0 ± 8.8
30:30
21:39
16:44
47:13
48:12
111.0 ± 54.1
1.13 ± 1.57
3.47 ± 0.72

0.092
0.648
0.097
0.374
0.272
0.200
0.335
0.180
0.186
< 0.001
0.010

ASA: Aminosalicylic acid; CDAI: Crohn's disease activity Index; CRP:
C-reactive protein.

with proximal-side lesions more than 80 cm from
the ileocecal valve did not have lesions within 80 cm.
These results support the validity of our new mSESCD, which includes two small intestinal segments
extending 0-40 cm and 40-80 cm from the ileocecal
valve. In consequence, 62 (83.8%) of 74 patients with
one or more small intestinal lesions were assessed
by mSES-CD, whereas only 37 (50.0%) patients with
small intestinal lesions were assessed by SES-CD. With
regard to safety, no adverse events were observed,
including major adverse events such as perforation of
the small intestine, bleeding, or mucosal injury.

DISCUSSION

Correlation of mSES-CD with CRP

In this study, we found that small intestinal lesions
detected by DBE influence the systemic inflammation
of CD. In addition, mSES-CD, our new scoring method
for the evaluation of mucosal activity using DBE,
showed predictive value in the clinical outcome in
patients with CD. These findings suggest that mSESCD is useful in evaluating the risk of surgery-free
survival in patients with CD.
CD patients in clinical remission do not always
achieve endoscopic remission, and a DBE finding of
active lesions in patients in clinical remission is not
rare. As the disease progresses without symptoms,
these patients are at risk of developing stenosis or
fistula. Decision making for treatment adjustment
therefore requires the accurate evaluation of mucosa.
Recent advances in endoscopy have substantially
benefited the diagnosis of lesions of the small intestine
in patients with CD. With regard to DBE, this was
[17]
first performed in humans by Yamamoto et al
and
[27]
Sunada et al in 2000, and has been available for the
clinical care of CD patients in Japan since 2003.
In the present study, we proposed a newly
modified SES-CD which incorporates evaluation of
two 40-cm segments of the small intestine extending
0-40 cm and 40-80 cm from the ileocecal valve.

Among several laboratory markers of systemic
inflammation in patients with CD, CRP is one of the
most useful, and values show a good correlation
[19-24]
with mucosal inflammation in the intestine
. We
investigated the association of our new mSES-CD with
CRP compared to that of SES-CD. mSES-CD showed a
stronger correlation with CRP (r = 0.576, P < 0.001)
than SES-CD (r = 0.446, P < 0.001). On subgroup
analysis in the 32 patients with endoscopic activity in
the small intestine only, mSES-CD endoscopic activity
again showed a positive correlation with CRP (r =
0.536, P = 0.002), whereas SES-CD did not correlate
with CRP (r = 0.259, P = 0.152). These results indicate
that CRP value is influenced by not only colorectal
inflammation but also small intestinal activity.

mSES-CD and the risk of surgery for CD

MH is a useful predictor of a good clinical outcome in
[3,5,25,26]
patients with CD
. We evaluated the predictive
value of mSES-CD with regard to the occurrence of
surgery due to the worsening of CD inflammation.
Table 2 compares patient characteristics between the
low disease activity (mSES-CD < 4) and high disease
activity (mSES-CD ≥ 4) groups. Although most clinical
variables did not significantly differ between the low

WJG|www.wjgnet.com

9977

September 14, 2015|Volume 21|Issue 34|

Morise K et al . Useful endoscopic score for Crohn's disease
Table 3 Univariate and multivariate analyses for surgery-free survival (n = 76)
Univariate analyses
mSES-CD
SES-CD
Sex
Age at diagnosis
Disease duration
Prior surgery
Albumin
Platelet
CRP
WBC
CDAI
Infliximab
5-ASA
Elemental diet
Azathioprine
Disease location

≥4
≥4

Male
< 20
≥ 10
Yes
<4
4
≥ 410 × 10
≥ 0.3
≥ 8500
≥ 150
Yes
Yes
Yes
Yes
Colorectum
Colorectum + Small intestine
Small intestine

Multivariate analyses

HR

95%CI

P value

HR

95%CI

P value

7.59
1.34
0.97
1.07
2.21
1.52
1.53
1.91
1.56
1.42
1.85
0.34
1.12
1.41
0.66
0.38
2.17
0.91

1.03-56.0
0.60-3.02
0.39-2.42
0.48-2.35
0.98-4.81
0.69-3.34
0.64-3.63
0.76-4.77
0.72-3.38
0.42-4.72
0.80-4.30
0.13-0.90
0.42-2.97
0.48-4.10
0.25-1.76
0.11-1.27
1.00-4.69
0.41-2.02

0.047
0.477
0.942
0.876
0.056
0.303
0.340
0.166
0.259
0.572
0.151
0.029
0.822
0.530
0.408
0.114
0.050
0.824

9.38

1.20-73.5
1.18-6.45
0.12-0.83
Excluded
-

0.033

2.75

0.31

0.020

0.019

CRP: C-reactive protein; WBC: White blood cell; CDAI: Crohn's disease activity Index; ASA: Aminosalicylic acid; mSES-CD: Modified Simple Endoscopic
Score for Crohn’s disease.

A

B
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Surgery-free survival

Surgery-free survival
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0.4
mSES-CD low
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Figure 2 Kaplan-Meier analysis of surgery-free survival time according to modified- (A) and Simple Endoscopic Score for Crohn’s disease (B). A: Patients
with a high modified Simple Endoscopic Score for Crohn’s disease (mSES-CD) score showed significantly shorter surgery-free survival than low-score patients (P =
0.017, log-rank test); B: No significant correlation was seen between SES-CD score and survival-free time (P = 0.465).

Although it is technically possible to investigate the
full length of the small intestine, determining a more
appropriate evaluation range should be based on
both the sensitivity of detection of small intestinal
lesions and invasiveness. In our study, 83.8% of all
patients with one or more lesions of the small intestine
were localized within 80 cm of the ileocecal valve,
and only two patients (2.7%) showed proximal-side
lesions more than 80 cm from the ileocecal valve but
no lesions within 80 cm. These findings support the

WJG|www.wjgnet.com

validity of our scoring method of small intestinal lesions
by DBE that includes evaluation of the small intestine
for 80 cm from the ileocecal valve.
The utility of endoscopy for predicting intestinal
[28]
surgery has not been fully established. Allez et al
reported that severe endoscopic lesions (SELs) have
a more aggressive clinical course with an increased
[29]
rate of surgery, while Jauregui-Amezaga et al
reported that the presence of SELs is not predictor
of surgery in patients with CD. They emphasized the
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importance of stenosis and/or intra-abdominal fistulae
on MRI for predicting an increased risk of surgery. We
agree with their discussion of the clinical importance
of evaluating stenosis, which is consistent with the
present study. To determine the benefit of DBE more
clearly, we performed additional subgroup analysis
in patients without stenosis. The analysis showed a
tendency to poorer surgery-free survival in patients
with a high mSES-CD score (≥ 4) compared to low
mSES-CD score, albeit without statistical significance,
probably due to the small sample size. These results
and previously reported evidence might suggest
that the evaluation of lesions other than stenosis
is also potentially useful in predicting the event of
surgery. On this basis, evaluation of lesions other than
stenosis using DBE would provide more accurate risk
estimation for the event of surgery, although further
validation studies are warranted. In addition, infliximab
therapy and disease duration were significantly
associated with the event of surgery. Jauregui[29]
Amezaga et al
reported that immunosuppressants
and anti-TNF therapy reduce the risk of the event
of surgery, whereas prolonged disease duration
significantly increases the risk of this event. Similar to
these previous results, both infliximab and duration
of disease were independent factors associated with
surgery-free survival in this study.
[19]
Vermeire et al
reported that CRP is an objec
tive marker of inflammation and showed good
correlation with disease activity in CD compared to
ESR, leucocytes, platelet count, and albumin. In our
study, mSES-CD showed a better correlation with
CRP than SES-CD in both the total study cohort and
in a subgroup limited to those with small intestinal
lesions only. Of note, the traditional SES-CD showed
no correlation with CRP in this subgroup with small
intestinal lesions only. These findings suggest that
small intestinal lesions influence the systematic
inflammation of CD. Although CRP value was not
directly associated with clinical outcome (surgery-free
survival in our study), we consider that CRP is useful
as a non-invasive biomarker for decision making on
whether to perform follow-up DBE in patients with CD.
More specifically, elevated CRP may indicate the need
for DBE evaluation of the inflammatory activity of not
only colorectal but also small intestinal lesions.
When patients were divided into two groups by total
mSES-CD score, surgery-free survival was significantly
better in the low score group than in the high group.
In contrast, the low and high SES-CD score groups
did not significantly differ. Moreover, mSES-CD score
was an independent factor for surgery-free survival
[25]
in multivariate analysis. Frøslie et al
reported that
MH was significantly associated with a low risk of
future colectomy in UC patients (P = 0.02), and MH
was significantly associated with less inflammation
after 5 years in CD patients (P = 0.02) in a Norwegian
population-based inflammatory bowel disease cohort.
Our observation of inflammatory activity in both the
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colorectum and small intestine in CD suggests that our
mSES-CD scoring, which includes evaluation of the
small intestine, might be more useful in predicting the
clinical outcome of CD than the conventional scoring
system.
Recent reports have described the new modality
of capsule endoscopy (CE) for the evaluation of small
intestinal activity of CD. CE appears relatively noninvasive compared to DBE, but is contraindicated in
the presence of small intestinal stenosis because of
the risk of retention of the capsule endoscope. The
major adverse events of CE involve capsule retention.
[30]
Cheifetz et al
reported a retention rate of 13%
in patients with known CD, but only 1.6% in those
with suspected CD. The retained capsule has to be
removed by endoscopy or surgical intervention.
By contrast, there were no complications in the 76
[31]
DBEs in our study, while Oshitani et al
reported a
single case of ileal perforation because of overtube
balloon pressure in 53 examinations in patients with
[32]
CD (1.9%). Further, Bourreille et al
reported that
although CE had lower sensitivity than ileocolonoscopy
in detecting recurrence in the neoterminal ileum, CE
detected lesions outside the scope of ileocolonoscopy
in more than two-thirds of patients. We consider that
the combination of these two methods might provide
more accurate evaluation of MH in patients with CD
than either modality alone. Further prospective studies
to compare the efficacy and safety of these procedures
are needed.
Several limitations of this study warrant mention.
First, it was conducted under a retrospective design
and with a small sample size. Confirmation of the
findings awaits larger prospective studies. Second,
we identified the location of small intestinal lesions by
the insertion length of DBE and radiography. However,
precise determination of insertion length is hindered
by expansion and contraction of the small intestine.
Third, we assessed endoscopic activity in two small
intestinal segments of 40 cm each, at 0-40 cm and
40-80 cm from the ileocecal valve, in addition to the
four traditional colorectal segments of right colon,
transverse colon, left colon, and rectum. However,
whether assessment of these two segments represents
the inflammatory status of the whole small intestine
has not been confirmed. Fourth, a definition of mucosal
healing has still not been established. In patients with a
low endoscopic score, CD activity might be lower than
in those with a high score. However, we were unable to
diagnose whether mucosal healing was obtained, and
therefore defined “endoscopic score < 4” as the “low
disease activity group”, and “endoscopic score ≥ 4” as
the “high disease activity group”. Fifth, physicians who
recommended surgery were not blinded to information
on endoscopic assessment. Surgery-free survival is a
surrogate endpoint for evaluating the clinical course
of patients with CD. Because of its surrogate nature,
selection bias from the assessment of endoscopy
influences the clinical decision for surgical treatment.
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Finally, we included all patients with CD who underwent
transanal DBE in our hospital, which happened to
include only a small number of L1 patients compared to
L2 and L3. If more L1 patients had been included, SESCD might have been more predictive.
In conclusion, this retrospective study showed
that mSES-CD, our new scoring method for mucosal
activity evaluated using DBE, has predictive value for
clinical outcome in patients with CD. Further validation
studies of mSES-CD are warranted.
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Several conventional endoscopic scoring methods for Crohn’s disease (CD)
have been proposed, including ‘Simple Endoscopic Score for Crohn’s Disease
(SES-CD)’. The recent availability of double balloon endoscopy (DBE) allows
evaluation of the activity of small intestinal lesions as well as colorectal lesions
by an endoscopic procedure. The importance of evaluating the endoscopic
activity of small intestinal lesions by DBE was assessed.
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Innovations and breakthroughs

CD patients with high scores by modified Simple Endoscopic Score for Crohn’s
disease (mSES-CD), this new scoring method for mucosal activity evaluated
using DBE, showed significantly shorter surgery-free survival than those with
low scores, while surgery-free survival did not significantly differ between the
low and high SES-CD groups.
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Applications

mSES-CD could offer predictive value for clinical outcome in patients with CD.
The authors recommend the use of mSES-CD in evaluating the risk of salvage
surgery-free survival in patients with CD

Terminology
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The newly mSES-CD is a new scoring method which includes assessment of
the endoscopic activity of small intestinal as well as colorectal lesions by DBE.

Peer-review

This study’s efforts to validate an endoscopic scoring system using newer
technology is important. It is somewhat limited by its retrospective nature that
only includes those patients who have been pre-selected to undergo DBE.
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Abstract
AIM: To develop a novel 3-dimensional (3D) virtual
hepatectomy simulation software, Liversim, to visualize
the real-time deformation of the liver.

Institutional review board statement: This study was approved
by a research ethics committee at University of Tsukuba Hospital.

METHODS: We developed a novel real-time virtual
hepatectomy simulation software program called
Liversim. The software provides 4 basic functions:
viewing 3D models from arbitrary directions, changing
the colors and opacities of the models, deforming the
models based on user interaction, and incising the
liver parenchyma and intrahepatic vessels based on
user operations. From April 2010 through 2013, 99
patients underwent virtual hepatectomies that used
the conventional software program SYNAPSE VINCENT
preoperatively. Between April 2012 and October 2013,
11 patients received virtual hepatectomies using the
novel software program Liversim; these hepatectomies
were performed both preoperatively and at the same
that the actual hepatectomy was performed in an
operating room. The perioperative outcomes were
analyzed between the patients for whom SYNAPSE
VINCENT was used and those for whom Liversim was
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used. Furthermore, medical students and surgical
residents were asked to complete questionnaires
regarding the new software.

INTRODUCTION
Recently, many institutes in Japan have constructed
3-dimensional (3D) images from the multidetector
computed tomography (MDCT) datasets of patients
who have undergone hepatectomies to share the visual
information with the surgical staff and predict the liver
[1-10]
resection volume for the hepatectomy
. The normal
liver is non-rigid and is usually deformed during
liver resection as a result of posture changes and
the surgical procedure. We have used the SYNAPSE
VINCENT medical imaging system (Fujifilm Medical,
Tokyo) for the 3D visualization and virtual resection of
the liver. However, in this system, the reconstructed
3D liver model is fixed and rigid. In addition, although
we were able to observe the simulated cut surface of
the liver, we were not able to observe every moment
of cutting or the intrahepatic vessels. Therefore,
we aimed to develop a novel surgical simulation
software program to represent the real-time motion
and deformation of the liver. We also investigated
whether this software was useful for educating surgical
residents and medical students.

RESULTS: There were no obvious discrepancies (i.e. ,
the emergence of branches in the portal vein or hepatic
vein or the depth and direction of the resection line)
between our simulation and the actual surgery during
the resection process. The median operating time was
304 min (range, 110 to 846) in the VINCENT group and
397 min (range, 232 to 497) in the Liversim group (P
= 0.30). The median amount of intraoperative bleeding
was 510 mL (range, 18 to 5120) in the VINCENT group
and 470 mL (range, 130 to 1600) in the Liversim group
(P = 0.44). The median postoperative stay was 12
d (range, 6 to 100) in the VINCENT group and 13 d
(range, 9 to 21) in the Liversim group (P = 0.36). There
were no significant differences in the preoperative
outcomes between the two groups. Liversim was not
found to be clinically inferior to SYNAPSE VINCENT.
Both students and surgical residents reported that the
Liversim image was almost the same as the actual
hepatectomy.
CONCLUSION: Virtual hepatectomy with real-time
deformation of the liver using Liversim is useful for the
safe performance of hepatectomies and for surgical
education.

MATERIALS AND METHODS
development of liversim

We developed a novel real-time virtual hepatectomy
simulation software program, Liversim, to present
the real-time motion and deformation of the liver,
the inferior vena cava (IVC), the intrahepatic vessels,
tumors and the gallbladder. The main purpose of the
software is to observe the location and orientation of
the intrahepatic vessels moment by moment during
surgery. To achieve this goal, the software provides
4 basic functions: viewing 3D models from arbitrary
directions and distances, changing the colors and
opacities of the models, deforming the models based
on user interaction, and incising the liver parenchyma
and intrahepatic vessels based on user operations. In
addition to these basic functions, the Liversim software
has the capacity to estimate and display the vascular
territory of a selected hepatic vessel branch.
The Liversim software accepts a set of polygonal
meshed surface models consisting of a liver, IVC,
hepatic vein, portal vein, hepatic artery, tumor and
gallbladder. The liver, IVC, tumor and gallbladder
models are converted into tetrahedral meshed models
and are considered in the calculation of physical
simulations via the finite element method (FEM; Figure
1A). The FEM calculation is performed by the Sofa
framework, which is the foundation of the Liversim
[11]
software . The liver model can be transformed by
pulling up a specific point on the liver. The vessel
surface models are placed inside the liver model, and
their positions are altered according to the deformation

Key words: Liver; Surgery; Simulation; Virtual hepatectomy;
Real-time deformation; Surgical education
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aimed to develop a novel 3D virtual
hepatectomy simulation software, Liversim, to
visualize the real-time deformation of the liver.
Eleven patients received virtual hepatectomies using
Liversim; these virtual hepatectomies were performed
both preoperatively and during actual surgery. The
perioperative outcomes of the hepatectomies using
Liversim were analyzed. There were no obvious
discrepancies during the resection process between
our simulation and the actual surgery. There were
no significant differences in perioperative outcomes
between the conventional 3D simulation software
and the Liversim. Virtual hepatectomy with real-time
liver deformation using Liversim is useful for the safe
performance of hepatectomies.
Oshiro Y, Yano H, Mitani J, Kim S, Kim J, Fukunaga K,
Ohkohchi N. Novel 3-dimensional virtual hepatectomy
simulation combined with real-time deformation. World J
Gastroenterol 2015; 21(34): 9982-9992 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/9982.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.9982
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Figure 1 Three-dimensional tetrahedral meshed model of a liver. A: The liver, inferior vena cava, tumor and gallbladder models were converted into tetrahedral
meshed models and considered in the calculation of the physical simulation via the finite element method; B, C: The vessel surface models were placed inside the
liver model, and their positions changed according to the deformation of the liver model.

of the liver model (Figure 1B). The reconstructed 3D
liver models on Liversim were evaluated by two skilled
surgeons in our group to confirm that the physical
characteristics were similar to those of an actual liver.
Two types of incision functions are implemented at
the top of the Sofa framework. One is used for cutting
the tetrahedral meshes used for the incisions of the
[12]
liver parenchyma model , and the other, for cutting
the polygonal meshes of the hepatic and portal veins.
Each incision made during surgery virtually creates a
rectangular cutting plane at a user-specified position
and orientation within the 3D space of the liver model.
The plane subdivides each crossing tetrahedral and
triangular element in the liver and vein models into
4 to 9 tetrahedral and 5 triangular subelements

WJG|www.wjgnet.com

according to the predefined subdivision patterns shown
in Figure 2. When we place a line on a simulated
resection line in the liver model, we can open up the
incised part of the model by pulling the surrounding
liver parenchyma outward and removing the exposed
portions of the vessels (Figure 1C). This function
enables us to represent the real-time motion and
deformity of the 3D liver model. In this case, “real-time”
means that we are able to observe this process 1-2 s
after the incision is made. The capability to display an
estimated vascular territory of specified segments of
vessels is implemented to present the affected region
in the liver after the vessels are cut. The vascular
territory is represented by a set of cells adjacent to
the selected vessel segments, as constructed from
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Figure 2 incision function. A: The incision function of the liver parenchyma. Incision functions are implemented at the top of the Sofa framework. This function is
used for cutting the tetrahedral meshes used in the incisions of the liver parenchyma. The patterns used for cutting the tetrahedral meshes were divided into five
types; B: A typical example of triangle subdivision. The triangle ABC above is subdivided by two sheets of cut planes, P+ and P-, into five triangles: AEF, EFH, EHG,
GHC, and GCB, as below. Planes P+ and P- are defined by the slightly translating plane P, which cuts the tetrahedrons. Each of the triangles plays a different role.
The three triangles between P+ and P- are exposed on the outside of the liver during simulation, whereas the other two are placed inside. Liversim allows the user to
delete the exposed triangles to simulate the process of removing the exposed vessels in the cut surface of the liver. Using these functions, a user can cut open the
liver parenchyma and remove the exposed segments of the hepatic vessels.

a Voronoi tessellation applied to the paths of the
intrahepatic vessels (Figure 3).

function (ICGR15), and surgical margins based on the
virtual hepatectomy.

Preoperative virtual hepatectomy (rehearsal)

Virtual hepatectomy simultaneously with an actual
hepatectomy (navigation)

The patients’ 2D CT images were transferred to the
workstation (SYNAPSE VINCENT, Fujifilm Medical,
Tokyo, Japan), and one of the authors (Y. O.) generated
the 3D images. After the OBJ data of the 3D liver
model were input into the Liversim software, we were
able to perform a virtual hepatectomy with real-time
liver deformity. The choice of resection was made
on the basis of the tumor size, tumor location, liver

WJG|www.wjgnet.com

We also simultaneously performed virtual hepatectomies
on a laptop computer using the Liversim software.
The surgical team was able to observe the virtual
hepatectomy on a large-screen display during the
actual hepatectomy. During the actual hepatectomy, the
operator using the Liversim software and the surgical
team were able to communicate and to discuss the
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A

B

Figure 3 territory of the anterior portal vein branch is described as deep color territory. The vascular territory is constructed from a Voronoi tessellation applied
to the paths of the intrahepatic vessels. A: Three-dimensional image view from the front of the patient; B: Three-dimensional image view from the patient's right side.

Table 1 Cases of the virtual hepatectomy using Liversim
Cases

Age (yr)

Gender

Diagnosis

Surgery

Operation time (min)

Bleeding (mL)

Postoperative stay (d)

1
2

68
56

M
M

Lateral sectionectomy
Extended left hepatectomy

339
406

320
507

13
9

3

62

M

Right hepatectomy

374

1200

15

4

60

M

Posterior sectionectomy

397

780

21

5
6
7
8

77
60
69
50

M
M
M
M

Left hepatectomy
Anterior sectionectomy
Segmentectomy (S6)
Right hepatectomy

290
497
232
454

370
1600
235
470

13
15
9
10

9
10
11
Median

71
55
56
60

F
M
F

HCC
Metastatic tumor
(rectal cancer)
Metastatic tumor
(colon cancer)
Metastatic tumor
(gastric cancer)
HCC
HCC
ICC
Metastatic tumor
(colon cancer)
ICC
HCC
HCC

Extended left hepatectomy
Posterior sectionectomy
Right hepatectomy

436
342
481
397

1570
130
460
470

9
19
12
13

HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; M: Male; F: Female.

surgical process and the surgical liver anatomy, such
as the appearance of the next vessel branches on the
cut line of the liver. The Liversim software operator
served as the navigator for the actual hepatectomy.

sectionectomy, one underwent a lateral sectionectomy,
and one underwent a S6 segmentectomy. The median
operation time was 397 min (range, 232 to 497 min).
The median intraoperative bleeding volume was
470 mL (range, 130 to 1600 mL), and the median
postoperative stay was 13 d (range, 9 to 21 d).

Virtual hepatectomy using liversim

Between April 2012 and November 2013, 11 patients
received virtual hepatectomies preoperatively or during
surgery using Liversim at the University of Tsukuba
Hospital. The characteristics of the 11 patients who
underwent virtual hepatectomies are detailed in Table
1. The 11 patients consisted of 9 men and 2 women
with a median age of 60 years (range, 50 to 77 years).
Of these patients, 5 had a preoperative diagnosis of
hepatocellular carcinoma (HCC), 2 had intrahepatic
cholangiocarcinoma (ICC), and 4 had metastatic liver
tumor. The surgical procedure performed depended
on the location of the primary tumor. Three patients
underwent a right hepatectomy, two underwent
extended left hepatectomies, and two underwent
posterior sectionectomies. One patient underwent
a left hepatectomy, one underwent an anterior

WJG|www.wjgnet.com

Virtual hepatectomy using SYNAPSE VINCENT

From April 2010 through 2013, 99 patients underwent
preoperative virtual hepatectomies using SYNAPSE
VINCENT. The patients included 78 men and 21
women with a median age of 65 years (range,
21-84 years). Among these patients, 61 had a
preoperative diagnosis of HCC, 14 had ICC, and 24
had metastatic liver tumors. Twenty-four patients
underwent hemihepatectomy or other advanced
procedures; 27 underwent a sectionectomy, and 48
patients underwent a segmentectomy or a more minor
procedure (Table 2).
Questionnaire-based survey: We conducted a
simple survey using a self-administered questionnaire
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RESULTS

Table 2 Characteristics of the patients n (%)
Characteristics
Age (yr)
Median (range)
Gender
Male
Female
Diagnosis
HCC
ICC
Metastasis
Procedure
Hemihepatectomy or larger
Sectionectomy
Segmentectomy or smaller

Virtual hepatectomy used preoperatively and during
surgery (navigation)

VINCENT (n = 99) Liversim (n = 11)
65 (21-84)

The Liversim software enabled us to demonstrate the
real-time motions of the drawing, deformation, and
resection of the liver preoperatively and during surgery.
There was no obvious discrepancy during the resection
process (e.g., in the emergence of branches of the
portal vein or hepatic vein or in the depth and direction
of the resection line) between our simulation and
the actual surgery. Preoperative virtual hepatectomy
using Liversim was able to predict the appearance of
the vessels on the cut surface of the liver during the
resection process. Virtual hepatectomies conducted
simultaneously with surgery in the operation room
were able to visualize the appearance of the vessels
just before they were approached during the actual
surgical procedure. A Liversim software operator was
able to serve as a surgical navigator by reporting the
appearance of the upcoming vessels on the resection
line to the surgical staff. We were able to display the
Liversim images on a large display in the operating
room to allow surgical navigation. Accordingly, it was
possible to share the anatomical images with the
surgical staff during the actual hepatectomy.

60 (50-77)

78 (79)
21 (21)

9 (82)
2 (18)

61 (62)
14 (14)
24 (24)

5 (45)
2 (18)
4 (36)

24 (24)
27 (27)
48 (48)

6 (55)
4 (36)
1 (9)

HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma.

to determine the utility of the Liversim software.
The questionnaire consisted of three questions: (1)
Is presurgery rehearsal with Liversim before each
hepatectomy useful for you? (response items: 1 to 10,
with 10 indicating the greatest agreement); (2) Is the
Liversim image seen during the rehearsal similar to the
image of the actual hepatectomy? (response items:
1 to 10, with 10 indicating the greatest similarity,
considering the following: the cut line of the liver; the
portal vein; and the hepatic vein); and (3) Describe
your opinion of, impression of, or suggestions for
Liversim.

Case 1

Case 1 (Table 1) shows a lateral sectionectomy
(resection of segments 2 and 3) (Figure 4A). At
first, we based our choice of resection on clinical
information, such as the tumor size, tumor location,
liver function, and surgical margin. After determining
which surgical procedure to use, we set and pulled
certain points from both sides of the established
incision line and then cut onto the liver parenchyma.
Then, the segment 3 portal vein (P3) appeared, and
we cut the branch. Because we were able to change
the transparency of the liver model, we could confirm
the characteristics of the exposed branch by observing
it from various points of view. With the next cut, the
segment 2 portal vein (P2) appeared. We were able to
identify these entities in the live patient’s actual liver
in the operation room because they were similar to
the Liversim images. Figure 4A shows the actual liver
surface and the virtual liver surface. We were able to
identify the segment 3 glissonean pedicle (G3) and the
segment 2 glissonean pedicle (G2)

Participants and data collection: We identified
attending medical students at the University of Tsukuba
who were learning at bedside and gastroenterological
surgical residents (3-7 years postgraduate) who
worked at the Department of Surgery, Division of
Gastroenterological and Hepatobiliary Surgery and
Organ Transplantation at University of Tsukuba
Hospital. The medical students and surgeons who met
the above criteria (medical students: n = 24, surgical
residents: n = 18) participated in the survey. All of the
data were confidentially and anonymously stored. This
study was approved by the ethics committee of the
University of Tsukuba.

Data analysis

The data were analyzed in a descriptive format for
both the quantitative and qualitative items. The mean
responses and confidence intervals for each question
item was assessed using 10-point Likert scales and
calculated using statistical analysis software (SPSSII
11.0, SPSS, Inc., Chicago, IL, United States). We
used the Mann-Whitney U test to compare scores and
perioperative outcomes. P values less than 0.05 were
considered statistically significant. Additional qualitative
data provided via free-text responses were recorded
after each question and analyzed using qualitative
content analysis techniques to generate a descriptive
summary of the participants’ responses.

WJG|www.wjgnet.com

Case 2

Case 2 (Table 1) shows an extended left hepatectomy.
On the Liversim software, we first cut the established
incision line and then were able to recognize the small
hepatic venous branches that drain segment 5 (V5). As
we proceeded with the cut, the large hepatic venous
branches that drain segment 8 (V8) appeared. Figure
4B shows the actual cut liver surface and the virtual
cut liver surface on Liversim. A good resemblance
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A
G3
P3

G2

P2

B

V5
V5

V8

V8

Figure 4 Pictures for comparisons between a virtual hepatectomy and an actual hepatectomy. The positional relationship of the exposed portal veins and
the hepatic veins on the raw surface of the liver is consistent with the virtual hepatectomy using Liversim. A: Case 1, a lateral sectionectomy, is displayed. There
was no obvious discrepancy (e.g., in the emergence of P3 (G3) and P2 (G2) or the depth and direction of the resection line) during the resection process between
our simulation and the actual surgery; B: Case 2 underwent an extended left hepatectomy, as shown. A good resemblance can be observed between the positional
relationship of the exposed V5 and V8 shown in the 3D simulation and observed during the actual hepatectomy. P3: The segment 3 portal branch; P2: The segment 2
portal branch; G3: The segment 3 glissonean pedicle; G2: The segment 2 glissonean pedicle; V5: The hepatic venous branches that drain segment 5; V8: The hepatic
venous branches that drain segment 8.
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to an actual surgery than I could have imagined”
in the open-ended free-text responses. They also
reported having a greater interest in liver surgery than
they previously had because the blood vessels were
visualized at all times during the actual hepatectomy
the way they were during the preoperative simulations
using Liversim. In addition, the surgical residents
and students said that Liversim made it easier to
understand hepatectomies than previous surgical
manuals or 3D simulation software did.

Table 3 Perioperative outcomes
Perioperative
outcomes (median)
Operation time (min)
Blood loss (mL)
Postoperative stay (d)

VINCENT
(n = 99)
304 (110-846)
510 (18-5120)
12 (6-100)

Liversim
(n = 11)
397 (232-497)
470 (130-1600)
13 (9-21)

P value
0.30
0.44
0.36

can be observed between the virtual liver surface on
Liversim and the actual liver surface. We were able to
predict the location of the V5, V8 and other hepatic
venous branches inside the liver parenchyma.

DISCUSSION
To perform safe and reliable liver surgery, it is im
portant to grasp the positional relationship between
the tumorous lesion and the blood vessels. Sharing
the visual information and images of the liver anatomy
among the entire surgical team is difficult because
of the need to reconstruct a 3D CT image in each
physician’s mind. Recently, several 3D simulation
software programs have been developed to address
the enormous quantity of imaging data acquired with
[7,13-19]
advanced imaging modalities, such as MDCT
.
At present, several software packages, such as OVA
(Hitachi Medical Corporation, Japan), SYNAPSE
VINCENT (FUJIFILM, Japan), Hepa Vision (Mevis,
Germany), Ziostation (Ziosoft, Japan), VirtualPlace
(AZE, Japan), and VR-Render (IRCAD, France), are
available for computer-assisted liver surgery. In
Japan, operative evaluations using image-processing
software for liver surgery have been covered by
universal healthcare insurance since 2012. Each
patient is charged approximately $200 for this
[20]
volumetric evaluation . Until now, we have used the
SYNAPSE VINCENT medical imaging system for the 3D
visualization and virtual resection of the liver. We had
considered that 3D reconstructed liver model clear,
easily visible, and easy to understand.
Previously, several reports have indicated that
newly developed 3D software could provide visual
information, including information about the hepatic
anatomy, and that furthermore, it could improve
predictions of the resected volume for hepatectomy
[6,21-31]
and liver transplantation
. However, several
problems have emerged. In the previous 3D simulation
software, the 3D reconstructed liver model was fixed
and rigid, whereas an actual normal liver is non-rigid
and can be deformed during liver resection. Moreover,
we were unable to visualize the blood vessels inside
the liver using these programs. Consequently, these
3D reconstructed liver models deviated far from
the actual liver. To address these shortcomings, we
developed a novel 3D virtual hepatectomy simulation
software program that is able to visualize the real-time
deformation of the liver.
As the result, there were no obvious discrepancies
during the ongoing resection process, such as the emer
gence of portal vein branches covered in Glisson’s
sheath or by the hepatic vein or in the depth and

Perioperative outcomes

The perioperative outcomes are summarized in Table
3. The median operating time was 304 min (range,
110 min to 846 min) in the VINCENT group and 397
min (range, 232 min to 497 min) in the Liversim
group. The median intraoperative bleeding volume was
510 mL (range, 18 mL to 5120 mL) in the VINCENT
group and 470 mL (range, 130 mL to 1600 mL) in the
Liversim group. The median postoperative stay was
12 d (range, 6 d to 100 d) in the VINCENT group and
13 d (range, 9 d to 21 d) in the Liversim group. There
were no significant differences in the operative time,
intraoperative bleeding volume, or postoperative stay
between the two groups.

Questionnaire

Usefulness of liversim before surgery: The scores
regarding the usefulness of Liversim were 9.33 ± 0.17
for the medical student group (n = 24) and 9.39 ±
0.26 for the surgical resident group (n = 18; Figure
5). All of the respondents thought that this software
was valuable, and there were no significant differences
between the two groups.
Assessment of the conformity between liversim
rehearsal images and actual surgical images:
The scores for the conformity of the hepatic resection
line were 8.36 ± 0.32 among the medical students (n
= 14) and 8.3 ± 0.3 among the surgeons (n = 10).
The scores for the conformity of the portal vein were
7.71 ± 0.65 among the students (n = 14) and 7.8
± 0.36 among the surgical residents (n = 10). The
scores for the conformity of the hepatic vein were 8.07
± 0.58 among the students (n = 14) and 8.5 ± 0.27
among the surgeons (n = 10) (Figure 5). There were
no significant differences between the two groups.
Although the respondents perceived a discrepancy of
approximately 20% between the Liversim image and
the observations during the actual surgical procedure,
they reported that the Liversim image was almost the
same as an actual hepatectomy.

Free response questionnaire answers

Surprisingly, the questionnaire respondents stated that
“the Liversim visual simulation image is more similar
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Figure 5 utility of Liversim, a novel preoperative 3-dimensional liver surgery simulation software program, was assessed using a questionnaire. In
particular, the conformity between the Liversim images and actual surgical observations was evaluated.

direction of the resection line, between our simulation
and the actual surgery. Therefore, we were able to
locate the intrahepatic vessels preoperatively. We
hoped to prevent accidental injury and bleeding
by visualizing the exposed blood vessels, including
vascular anomalies, on the cutting surface of the
liver preoperatively. The results of this analysis of
the perioperative outcomes showed that virtual
hepatectomy using Liversim had no significant benefit
compared with virtual hepatectomy using the previous
software, SYNAPSE VINCENT. In other words, Liversim
was not found to be clinically inferior to SYNAPSE
VINCENT. Still, Liversim is thought to be helpful for
performing a safe hepatectomy and for educating
surgical residents and medical students. Additionally,
the primary advantage of Liversim was that the
surgical team was able to use visual information about
a patient’s liver anatomy to determine the appropriate
surgical procedure. The surgical team was also able
to discuss several critical points (i.e., the surgical
margin and the relationship between the tumor and
the hepatic vein and Glisson’s sheath) by observing
the Liversim images during the actual hepatectomy.
Needless to say, further retrospective and prospective
studies should be conducted to confirm this utility. In
the future, we plan to use Liversim on patients after
obtaining their informed consent.

WJG|www.wjgnet.com

Liversim is useful as an educational tool and for
performing virtual hepatectomies preoperatively and
during surgery. Liversim was very popular with the
surgical residents and medical students who used it,
particularly because their young ages increased their
familiarity with computers. There was a tendency
towards higher scoring of the portal vein in Glisson’s sheath
and of the hepatic vein among surgical residents than
among students. The main reason for this issue was
associated with the fact that the medical students had
greater difficulty recognizing the anatomy of the liver
because for many of them, it was the first time they
had observed the actual liver of a patient undergoing
surgery.
Several limitations of this novel modality should be
addressed. First, at present, this approach requires a
somewhat long time (approximately 1-2 h) to create
detailed images. Second, certain small vessel branches
may be missed by Liversim because not all of the
vessels can be visualized with CT for each patient.
Third, this study involved only 11 patients; therefore,
our results will need to be confirmed with larger
populations.
In conclusion, virtual hepatectomy with real-time
deformation of the liver using Liversim preoperatively
and during surgery is useful for performing a safe
hepatectomy and for educating surgical residents and
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deformation of the liver.

8
9

Innovations and breakthroughs

The main purpose of the novel software is to observe the location and
orientation of the intrahepatic vessels moment by moment during surgery. To
achieve this goal, the software provides 4 basic functions: viewing 3D models
from arbitrary directions and distances, changing the colors and opacities of the
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is that the surgical team is able to use visual information that is identical to the
patient’s liver anatomy to determine the appropriate surgical procedure.
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The finite element method (FEM) calculation is performed by the Sofa
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vena cava, tumor and gallbladder models are converted into tetrahedral
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Abstract

Institutional review board statement: This retrospective study
was approved by the Ethics Committee in The First Affiliated
Hospital of Dalian Medical University.

METHODS: Totally 217 patients with surgically confirmed
gallbladder stones were retrospectively analyzed who
underwent single-source dual-energy CT scanning from
August 2011 to December 2013. Polychromatic images
were acquired. And post-processing software was used
to reconstruct monochromatic (40 keV and 140 keV)
images, and calcium-lipid pair-wise base substance was
selected to acquire calcium base images and lipid base
images. The above 5 groups of images were evaluated
by two radiologists separately with 10-year experience
in CT image reading. In the 5 groups of images, the
cases in the positive group and negative group were
counted and then the detection rate was calculated. The
inter-observer agreement on the scoring results was
analyzed by Kappa test, and the scoring results were
analyzed by Wilcoxon test, with P < 0.05 indicating
that the difference was statistically significant. The
stone detection results of the 5 groups of images were
2
analyzed by χ test.

AIM: To evaluate the detectability of gallbladder stones
by dual-energy spectral computed tomography (CT)
imaging.
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RESULTS: There was good inter-observer agreement
(k = 0.772). In 217 patients with gallbladder stones,
there was a statistically significant difference in stone
visualization between spectral images (40 keV, 140 keV,
calcium base and lipid base images) and polychromatic
images (P < 0.05). 40 keV monochromatic images
were better than 140 keV monochromatic images (4.90
± 0.35 vs 4.53 ± 1.15, P < 0.05), and calcium base
images were superior to lipid base images (4.91 ± 0.43
vs 4.77 ± 0.63, P < 0.05), but there was no statistically
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significant difference between 40 keV monochromatic
images and calcium base images (4.90 ± 0.35 vs 4.91
± 0.43, P > 0.05). In 217 gallbladder stone patients,
there were 21, 3, 28, 5 and 12 negative stone cases
in polychromatic images, 40 keV images, 140 keV
images, calcium base images and lipid base images,
respectively, and the differences among the five groups
were statistically significant (P < 0.05).

stones are variable in shape, size and number. Solitary
gallbladder stones or multiple gallbladder stones may
occur. Gallbladder stones may have different sizes and
a non-uniform density. Solitary stones are generally
big; partial stones have a low density in the center and
a high density in the peripheral area, demonstrating
concentric circle changes; sandy stones are often
deposited at the bottom of gallbladder, have a high
density, and form the fluid level with bile at the upper
part, and their diagnosis can be made by stone shift in
the scanning with a changeable position. In a part of
patients, gallbladder is enlarged with a long diameter
> 5 cm, the gallbladder wall is thickened to be > 0.3
cm, and there is a low-density ring surrounding the
gallbladder, which is the manifestation of secondary
[2]
inflammatory edema . However, it is difficult to
diagnose iso-density gallbladder stones, because
gallbladder stones and bile are difficultly distinguished
by traditional CT due to a same density, which is
[3]
troublesome for clinical treatment . The development
of spectral imaging recoups the defects of traditional
CT in the diagnosis of iso-density stones. In spectral
imaging, base substance images and low keV images
are both promising to improve the detection rate of
gallbladder stones; they provide a new approach for
the differential diagnosis of gallbladder stones, and
the reliable information for the clinical treatment of
gallbladder stones.

CONCLUSION: Monochromatic images and base
substance images have a good clinical prospect in the
iso-density stone detection.
Key words: Gallbladder stone; Computed tomography;
Spectral imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In traditional computed tomography (CT),
gallbladder stones are indicated directly by high-density
or low-density stones and indirectly by dilation of the
intrahepatic biliary duct, left and right hepatic ducts,
biliary duct and gallbladder. However, it is difficult
to diagnose iso-density gallbladder stones, because
gallbladder stones and bile are difficultly distinguished
by traditional CT due to a same density. The
development of spectral imaging recoups the defects of
traditional CT in the diagnosis of iso-density stones. In
spectral imaging, base substance images and low keV
images are both promising to improve the detection
rate of gallbladder stones; they provide a new approach
for the differential diagnosis of gallbladder stones, and
the reliable information for the clinical treatment of
gallbladder stones.

MATERIALS AND METHODS
Patient characteristics

This retrospective study was approved by the Ethics
Committee in our hospital. Totally 217 patients with
surgically confirmed gallbladder stones were retro
spectively analyzed who underwent HDCT scanning
for suspected gallbladder stones according to clinical
symptoms and ultrasonic reports at our hospital from
August 2011 to December 2013. There were 97 males
and 120 females, with a mean age of 62 ± 15 (10-96)
years.

Chen AL, Liu AL, Wang S, Liu JH, Ju Y, Sun MY, Liu YJ.
Detection of gallbladder stones by dual-energy spectral
computed tomography imaging. World J Gastroenterol 2015;
21(34): 9993-9998 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i34/9993.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i34.9993

Scanning methods

HD CT750 Discovery was used for plain scanning
under spectral imaging mode. The patients was in
≥ 6 h fasting before scanning. CT plain scanning
was performed routinely in a dorsal position. After
acquisition of anterior-posterior positioning images, the
upper abdomen plain scanning was performed with a
range from the top of the liver to the middle poles of
bilateral kidneys. The scanning parameters were as
follows: instantaneous 40-140 kVp rapid switching;
tube current: 550 mA; slice thickness and interval: 5
mm; rotation speed: 0.8 r/s; and pitch: 1.375.

INTRODUCTION
Gallbladder stone disease is a common disorder and
often accompanied by biliary stenosis or variation,
and it seriously threatens the public health and quality
of life. With the improvement of people’s living level,
the morbidity of gallbladder stones trends to increase
[1]
continuously . In traditional computed tomography
(CT), gallbladder stones are indicated directly by
high-density or low-density stones and indirectly by
dilation of the intrahepatic biliary duct, left and right
hepatic ducts, biliary duct and gallbladder. Based on
density, gallbladder stones are classified into: (1) highdensity stones; (2) iso-density stones; (3) low-density
[2]
stones; and (4) mixed-density stones . Gallbladder
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Image post-processing and evaluation

The image post-processing and evaluation were
both performed with post-processing software on
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Figure 1 Gallbladder stones. A: Gallbladder stone shown by the red arrow was not visualized at 70 keV (traditional polychromatic images); B: Gallbladder stone
shown by the red arrow had a visible low-density stone shadow in 40 keV monochromatic images; C: Gallbladder stone shown by the red arrow was not visualized in
140 keV monochromatic images; D: Gallbladder stone shown by the red arrow had a visible low-density stone shadow in calcium base images. E: Gallbladder stone
shown by the red arrow had a significant high-density stone shadow in lipid base images.

Statistical analysis

Table 1 Comparison of stone visualization scores between
spectral computed tomography images and polychromatic
computed tomography images
Image
Mean
SD
P value

SPSS 17.0 analysis software was used for statistical
analyses: (1) the inter-group agreement on the
scoring results was analyzed by Kappa test; (2) the
scoring results were analyzed by Wilcoxon test, and P
< 0.05 suggested a statistically significant difference;
and (3) the detection results in 5 groups of images
2
were analyzed by χ test, and P < 0.05 suggested a
statistically significant difference.

Polychromatic 40 keV 140 keV Calcium base Lipid base
4.62
1.00

4.90
0.35
0.00

4.53
1.15
0.00

4.91
0.43
0.00

4.77
0.63
0.00

the professional workstation AW4.5 (GE HealthCare,
United States) under a precondition of blinding to the
final diagnosis results. Polychromatic images, 40 keV
and 140 keV images were acquired. The calcium-lipid
pair-wise base substance imaging was performed to
acquire calcium base images and lipid base images.
The gallbladder stone visualization in 5 groups of
images was evaluated by two radiologists separately
with 10-year experience in CT image reading. The
following scorings were performed according to the
density contrast resolution of gallbladder stones
and bile: 1, no visualization; 2, poor visualization;
3, ordinary visualization; 4, good visualization;
and 5, clear visualization. The images with a stone
visualization score = 1-3 served as a negative group,
and those with a stone visualization score = 4-5
served as a positive group. In 5 groups of images, the
cases in the positive group and negative group were
counted and then the detection rate was calculated.
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RESULTS
The statistical analysis of observation results showed
good inter-group agreement (k = 0.772). In 217
gallbladder stone patients, there was a statistically
significant difference in stone visualization between
spectral images (40 keV, 140 keV, calcium base and
lipid base images) and polychromatic images (P < 0.05)
(Figure 1 and Table 1), and the 40 keV, calcium base and
lipid base images were superior to the later, but the 140
keV imagings were inferior to polychromatic images.
Forty keV monochromatic images were better
than 140 keV monochromatic images (4.90 ± 0.35
vs 4.53 ± 1.15, P < 0.05), and calcium base images
were superior to lipid base images (4.91 ± 0.43 vs
4.77 ± 0.63, P < 0.05), but there was no statistically
significant difference between 40 keV monochromatic
images and calcium base images (4.90 ± 0.35 vs
4.91 ± 0.43, P > 0.05). Compared with polychromatic
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Table 2 Image scores of 40 keV and calcium base images vs polychromatic images (n = 217)
Polychromatic CT score
1
1
1
1
2
2
2
3
3
4
≤3

Spectral CT score

Number of 40 keV
patients

Percentage of 40 keV
patients

Number of calcium base
patients

Percentage of calcium
base patients

2
3
4
5
3
4
5
4
5
5
>3

0
1
4
4
2
4
2
3
1
9
14

0.00%
0.46%
1.84%
1.84%
0.92%
1.84%
0.92%
1.38%
0.46%
4.15%
6.45%

1
1
2
5
1
1
4
1
3
11
14

0.46%
0.46%
0.92%
2.30%
0.46%
0.46%
1.84%
0.46%
1.38%
5.07%
6.45%

CT: Computed tomography.

Table 3 Stone grouping and comparison of spectral computed tomography images and polychromatic computed tomography images

n (%)

Group (score)
Negative group (1-2)
Positive group (3-5)
Total

Polychromatic images

40 keV images

140 keV images

Calcium base images

Lipid base images

21 (9.68)
196 (90.32)
217

3 (1.38)
214 (98.62)
217

28 (12.90)
189 (87.10)
217

5 (2.30)
212 (97.70)
217

12 (5.53)
205 (94.47)
217

aggravate inflammation. The causes of inflammation
contribution to gallbladder stone formation are below:
(1) Bile salts can reduce the surface tension and they
are potent bile solvents. When gallbladder mucosal
inflammation happens, bile salts in the bile are
decreased. In addition, inflammation and infection can
inhibit hepatocyte function to reduce the secretion of
bile salts, thus the normal proportions of bile salts and
cholesterol in the bile are decreased and resultantly
cholesterol is easily deposited to form stones; (2)
When inflammation occurs, a lot of proteins and
calcium exude, thus promoting the precipitation of
calcium bilirubinate; and (3) When the concentration
of cholesterol or calcium bilirubinate in the bile is
increased and the bile flow is slow, the inflammatory
exudates (e.g., precipitated mucus), or fibrins, white
blood cells, exfoliated epithelial cells, and aggregated
bacteria often form the core of stone.

images, the stone visualization scores of 40 keV images
and calcium base images were increased (Table 2).
In 217 gallbladder stone patients, there were 21,
3, 28, 5 and 12 negative stone cases in polychromatic
images, 40 keV images, 140 keV images, calcium base
images and lipid base images, respectively (Table 3).
The differences in the negative stone cases among the
five groups were statistically significant (P < 0.05),
and the detection rates of stones by 40 keV and
calcium base images were higher.

DISCUSSION
Causes of gallbladder stones

Cholestasis: Sitting meditation habit, obesity,
pregnancy, biliary obstruction or Oddi’s sphincter dys
funciton can cause a decrease of gallbladder muscular
tension and a delay of emptying, thus inducing cho
lestasis. When cholestasis occurs, the bile is detained
in the gallbladder, and the water resorption is increased
so that the bile is excessively concentrated. The
chemical stimulation of bile salt component can induce
mucosal inflammation and thus change the absorption
function. When bile salts are detained, the bile basicity
is increased, and the capacity of bile salts to dissolve
cholesterol is thereby decreased. All the above factors
can influence the normal proportions of bile components,
which is beneficial for gallbladder stone formation.

Cholesterol proportion imbalance: Cholesterol is
increased for some reasons while bile salts are decreased,
so that cholesterol is precipitated and accumulated to
form a stone. Therefore, the main causes of gallbladder
stone formation are sitting meditation habit, obesity,
[4]
pregnancy, biliary obstruction or biliary infection .

Clinical manifestations of gallbladder stones

Gallbladder stones may be asymptomatic in the whole
life, and it is mainly defined as a stone or stones found
by ordinary examinations, also known as silent stones.
Gallbladder stones also may cause biliary colic, and the
presence of symptoms is associated with stone size
and position, whether to result in obstruction, whether

Biliary infection: The biliary mucosa has inflammation
due to the chemical stimulation of concentrated
bile or refluxed pancreatic juice and thus becomes
susceptible to secondary bacterial infection which will
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A

B

Figure 2 Number and size of visible gallbladder stones after cholecystectomy.

to have inflammation, and gallbladder function state
(Figure 2). Symptomatic gallbladder stones primarily
manifest as sudden, paroxysmal, severe right upper
abdominal pain, with right upper abdominal discomfort
during intermission, which may be relieved suddenly by
a change of position. Abdominal pain is accompanied
by nausea and vomiting, and often radiates to right
shoulder and back, right chest and right sternum.
According to the severity of stone obstruction and the
severity and range of biliary infection, common bile duct
stones may be asymptomatic or typical Charot’s triad
(abdominal pain, shiver and ardent fever, and jaundice),
or even acute obstructive suppurated cholangitis, or
Charot’s pentalogy (abdominal pain, shiver & ardent
[5]
fever, jaundice, shock, and mental disorder) .

is clear; in contrast, a low calcium content indicates a
[7]
low density of stone and the image is vague .

Principles and advantages of spectral CT imaging

In traditional CT, X-ray generated by the X-ray tube has
a continuous energy distribution, and X-ray for imaging
is polychromatic so that the obtained traditional CT
images reflect the average polychromatic effect.
Influenced by such average effect, different substances
have a similar CT value in many cases, which cannot
[8-10]
be distinguished
. With the development of CT
technology in recent years, the emergence of spectral
images improves the detection rate of diseases and
offsets some defects of traditional CT. In spectral
CT imaging, energy resolution and physical and
chemical property resolution are added on the basis
of spatial resolution and temporal resolution. These
relatively pure monochromatic images can greatly
reduce the effects of hardening artifacts and provide
the relatively pure CT value images. In other words,
CT value is more consistent and reliable at different
positions in the whole field, in different scans, or
[8-11]
in different patients
. The attenuation of X-ray
passing through a substance can objectively reflect
the energy of X-ray. X-ray absorption coefficient of
any substance can be determined by the absorption
coefficients of two base substances, so the attenuation
of one substance can be converted into the densities
of two substances producing the same attenuation,
achieving the separation of substance components and
substances. This is a physical foundation for substance
[12-15]
separation
. We observed 5 image groups of
gallbladder stones (40 keV, polychromatic images,
140 keV, calcium base and lipid base images), and
improved the resolution of images acquired from lowdensity or iso-density gallbladder stone patients whose
diagnosis was easily missed by image debugging and
using different base substance imaging. As a result, the
detection rate of gallbladder stones was increased and
the patients received the effective treatment.
In this study, we compared the scores of stone
visualization of polychromatic CT images and spectral
images acquired from 217 stone patients, and found

Traditional CT manifestations of gallbladder stones

In CT diagnosis, gallbladder stones are indicated
directly by high-density or low-density stones and
indirectly by dilation of the intrahepatic biliary duct, left
and right hepatic ducts, biliary duct and gallbladder.
Based on density, gallbladder stones are classified
into: (1) high-density stones; (2) iso-density stones;
[2]
and (3) low-density stones . CT has a high resolution
to characterize tissue density, and it can clearly
show high-density or low-density biliary stones and
distinguish cholesterol stones, bilirubin stones and
[6]
mixed stones according to stone density . CT value
is a uniform unit reflecting tissue density, with water
CT value set as 0 and bile CT value as 0-20 Hu.
The stones with the same density as bile cannot be
visualized, so traditional CT scanning cannot determine
the presence of such stones; these stones through
which X-ray can penetrate are called negative stones.
Besides, individual stones can be visualized as filling
defect shadows with a density slightly lower than bile
in CT images and measured with a negative value 20
Hu lower than bile or < 0, which are known as lowdensity stones. With the bile density of 0-20 Hu as a
threshold, those stones with a CT value > 20 Hu are
high-density stones. Stone CT value is measured by
calcium quantification analysis, and a high calcium
content indicates a high density of stone and the image
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do not contrast with pure cholesterol gallstones and also with black pigment
gallstones and some brown pigment stones. Gallstone disease has afflicted
humans since the time of Egyptian kings, and gallstones have been found
during autopsies on mummies. Gallstone prevalence in adult population ranges
from 10% to 15%. Ultrastructural analysis by scanning electron microscopy
is useful in the classification and study of pigment gallstones. Moreover,
X-ray diffractometry analysis and infrared spectroscopy of gallstones are of
fundamental importance for an accurate stone analysis. An accurate study of
gallstones is useful to understand gallstone pathogenesis.

that the scores of spectral images were higher than
those of polychromatic CT images. It suggests that
spectral imaging can visualize stones better. According
to the comparison between the negative group
and positive group of stones, the detection rate of
negative stones was greater by spectral images than
by polychromatic CT. In the present study, highdensity stones and low-density stones could be well
visualized in polychromatic CT images, so the stones
in the positive group were mainly high-density stones
and low-density stones, and the stones in the negative
group were isodensity stones. Therefore, spectral
imaging can improve the detection rate of negative
stones (isodensity stones).
In conclusion, monochromatic images and base
substance images are advantageous over polychromatic
CT images in gallbladder stone visualization, especially
negative stones (iso-density stones), which cannot
be shown in polychromatic CT images. Therefore,
base substance images and optimal low keV images
have a good clinical prospect in the detection of isodensity stones. However, iso-density stones have a
low incidence and only a few of cases are available,
so future studies with a big sample size of iso-density
stones are needed.

REFERENCES
1
2
3

4
5
6

7

COMMENTS
COMMENTS
8

Background

It is difficult to diagnose iso-density gallbladder stones, because gallbladder
stones and bile are difficultly distinguished by traditional computed tomography
(CT) due to a same density.

9

Research frontiers

The development of spectral imaging recoups the defects of traditional CT in
the diagnosis of iso-density stones.

10

Innovations and breakthroughs

11

In spectral imaging, base substance images and low keV images are both
promising to improve the detection rate of gallbladder stones.

12

Applications

Authors provide a new approach for the differential diagnosis of gallbladder
stones, and the reliable information for the clinical treatment of gallbladder
stones.

13

Terminology

Gallbladder stone disease is a common disorder and often accompanied by
biliary stenosis or variation, and it seriously threatens the public health and
quality of life. In traditional CT, gallbladder stones are indicated directly by highdensity or low-density stones and indirectly by dilation of the intrahepatic biliary
duct, left and right hepatic ducts, biliary duct and gallbladder.

14

15

Peer-review

This article is interesting. There are 1.3%-13% of false-negatives because X-ray

Cui Y, Li Z, Zhao E, Cui N. Risk factors in patients with
hereditary gallstones in Chinese pedigrees. Med Princ Pract 2012;
21: 467-471 [PMID: 22473058 DOI: 10.1159/000337437]
Xu SQ, Zhao LF. CT Diagnosis of Cholelithiasis. Shiyong
Linchuang Yiyao Zazhi 2009; 13: 128-130
Bang BW, Hong JT, Choi YC, Jeong S, Lee DH, Kim HK, Park
SG, Jeon YS. Is endoscopic ultrasound needed as an add-on test
for gallstone diseases without choledocholithiasis on multidetector
computed tomography? Dig Dis Sci 2012; 57: 3246-3251 [PMID:
22729595 DOI: 10.1007/s10620-012-2261-x]
Liu XJ. Causes and Prevention of Gallbladder Stone. Henan
Yufang Yixue Zazhi 2003; 14: 90
Li GZ, Dai JP, Wang YS. Clinical CT Diagnostics. Beijing: China
Science and Technology Press, 1997: 448
Anderson SW, Lucey BC, Varghese JC, Soto JA. Accuracy
of MDCT in the diagnosis of choledocholithiasis. AJR Am J
Roentgenol 2006; 187: 174-180 [PMID: 16794173 DOI: 10.2214/
AJR.05.0459]
Zhang YL. Study on Relationship between CT Imaging
Manifestations and Chemical Type of Gallbladder Stone. Zhongguo
Linchuang Yixue Yingxiang 1998; 9: 209-210
Karçaaltıncaba M, Aktaş A. Dual-energy CT revisited with
multidetector CT: review of principles and clinical applications.
Diagn Interv Radiol 2011; 17: 181-194 [PMID: 20945292 DOI:
10.4261/1305-3825.DIR.3860-10.0]
Remy-Jardin M, Faivre JB, Pontana F, Molinari F, Tacelli N,
Remy J. Thoracic applications of dual energy. Semin Respir Crit
Care Med 2014; 35: 64-73 [PMID: 24481760 DOI: 10.1055/
s-0033-1363452]
Kang MJ, Park CM, Lee CH, Goo JM, Lee HJ. Dual-energy CT:
clinical applications in various pulmonary diseases. Radiographics
2010; 30: 685-698 [PMID: 20462988 DOI: 10.1148/rg.303095101]
Ren QG, Hua YQ, Li JY. The basic principle and clinical
applications of CT spectral imaging. Guoji Yixue Fangshexue Zazhi
2011; 34: 559-563
Lin XZ, Shen Y, Chen KM. Basic Principle and Research Progress
of Clinical Application of CT Spectral Imaging. Zhonghua
Fangshexue Zazhi 2011; 45: 798-800
Lin XZ, Wu ZY, Li WX, Zhang J, Xu XQ, Chen KM, Yan FH.
Differential diagnosis of pancreatic serous oligocystic adenoma
and mucinous cystic neoplasm with spectral CT imaging: initial
results. Clin Radiol 2014; 69: 1004-1010 [PMID: 24919983 DOI:
10.1016/j.crad.2014.05.003]
Hao L, Liu AL, Wang HQ, Zhang T, Liu JH, Wang S. Spectral CT
imaging in differential diagnosis of posterior bladder wall cancer
and prostatic hyperplasia into bladder. Zhongguo Yixue Yingxiang
Jishu 2013; 29: 269-272.
Lv P, Lin XZ, Li J, Li W, Chen K. Differentiation of small hepatic
hemangioma from small hepatocellular carcinoma: recently
introduced spectral CT method. Radiology 2011; 259: 720-729
[PMID: 21357524 DOI: 10.1148/radiol.11101425]
P- Reviewer: Cariati A, Wang YF S- Editor: Yu J
L- Editor: Wang TQ E- Editor: Ma S

WJG|www.wjgnet.com

9998

September 14, 2015|Volume 21|Issue 34|

World J Gastroenterol 2015 September 14; 21(34): 9999-10007
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i34.9999

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Clinical comparison of antrum-preserving double
tract reconstruction vs roux-en-Y reconstruction after
gastrectomy for Siewert types Ⅱ and Ⅲ adenocarcinoma of
the esophagogastric junction
Jiang-Wei Xiao, Zi-Lin Liu, Peng-Cheng Ye, Ya-Jun Luo, Zhi-Ming Fu, Qin Zou, Shou-Jiang Wei
Revised: April 23, 2015
Accepted: July 15, 2015
Article in press: July 15, 2015
Published online: September 14, 2015

Jiang-Wei Xiao, Zi-Lin Liu, Peng-Cheng Ye, Ya-Jun Luo, ZhiMing Fu, Shou-Jiang Wei, Department of General Surgery, the
Affiliated Hospital of North Sichuan Medical College, Nanchong
637000, Sichuan Province, China
Qin Zou, West China Hospital/West China School of Nursing,
Sichuan University, Chengdu 610041, Sichuan Province, China

Abstract

Author contributions: Xiao JW, Liu ZL and Wei SJ designed
the study; Xiao JW, Liu ZL, Ye PC, Luo YJ, Fu ZM and Wei SJ
performed the research; Xiao JW, Liu ZL and Zou Q analyzed
the data; Liu ZL and Xiao JW wrote the manuscript; Liu ZL and
Xiao JW contributed equally to this study and shared the first
authorship.

AIM: To explore a reasonable method of digestive
tract reconstruction, namely, antrum-preserving
double-tract reconstruction (ADTR), for patients with
adenocarcinoma of the esophagogastric junction (AEG)
and to assess its efficacy and safety in terms of longterm survival, complications, morbidity and mortality.

Supported by Grants from Sichuan Provincial Department
of Education Research Project, No. 14ZA0192; and National
Natural Science Foundation of China, No. 30700773, No.
81070378, and No. 81270561.

METHODS: A total of 55 cases were retrospectively
collected, including 18 cases undergoing ADTR and
37 cases of Roux-en-Y reconstruction (RY) for AEG
(Siewert types Ⅱ and Ⅲ) at North Sichuan Medical
College. The cases were divided into two groups.
The clinicopathological characteristics, perioperative
outcomes, postoperative complications, morbidity
and overall survival (OS) were compared for the two
different reconstruction methods.
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RESULTS: Basic characteristics including sex, age,
body mass index (BMI), Siewert type, pT status, pN
stage, and lymph node metastasis were similar in the
two groups. No significant differences were found
between the two groups in terms of perioperative
outcomes (including the length of postoperative
hospital stay, operating time, and intraoperative blood
loss) and postoperative complications (consisting of
anastomosis-related complications, wound infection,
respiratory infection, pleural effusion, lymphorrhagia,
and cholelithiasis). For the ADTR group, perioperative
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recovery indexes such as time to first flatus (P =
0.002) and time to resuming a liquid diet (P = 0.001)
were faster than those for the RY group. Moreover,
the incidence of reflux esophagitis was significantly
decreased compared with the RY group (P = 0.048).
The postoperative morbidity and mortality rates for
overall postoperative complications and the rates of
tumor recurrence and metastasis were not significantly
different between the two groups. Survival curves
plotted using the Kaplan-Meier method and compared
by log-rank test demonstrated similar outcomes
for the ADTR and RY groups. Multivariate analysis
of significantly different factors that presented as
covariates on Cox regression analysis to assess the
survival and recurrence among AEG patients showed
that age, gender, BMI, pleural effusion, time to
resuming a liquid diet, lymphorrhagia and tumor-nodemetastasis stage were important prognostic factors for
OS of AEG patients, whereas the selection of surgical
method between ADTR and RY was shown to be a
similar prognostic factor for OS of AEG patients.
CONCLUSION: ADTR by jejunal interposition presents
similar rates of tumor recurrence, metastasis and longterm survival compared with classical reconstruction
with RY esophagojejunostomy; however, it offers
considerably improved near-term quality of life,
especially in terms of early recovery and decreased
reflux esophagitis. Thus, ADTR is recommended as a
worthwhile digestive tract reconstruction method for
Siewert types Ⅱ and Ⅲ AEG.
Key words: Adenocarcinoma of the esophagogastric
junction; Roux-Y reconstruction; Total gastrectomy;
Antrum-preserving double-tract reconstruction; Overall
survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Antrum-preserving double-tract reconstruction
(ADTR) was introduced to improve the near-term
quality of life and decrease reflux esophagitis in
patients with adenocarcinoma of the esophagogastric
junction. The clinicopathological characteristics,
perioperative outcomes, postoperative complications,
morbidity and overall survival after ADTR and Rouxen-Y reconstruction (RY) (ADTR group, n = 18 vs
RY group, n = 37) were retrospectively compared to
evaluate the efficacy and safety of the procedures.
The results of the study demonstrated that ADTR was
technically safe and feasible, offering an agreeable
near-term quality of life, especially in terms of early
recovery and the alleviation of reflux esophagitis. ADTR
may be a worthwhile digestive tract reconstruction
method for Siewert types Ⅱ and Ⅲ adenocarcinoma of
the esophagogastric junction.
Xiao JW, Liu ZL, Ye PC, Luo YJ, Fu ZM, Zou Q, Wei SJ. Clinical
comparison of antrum-preserving double tract reconstruction vs
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roux-en-Y reconstruction after gastrectomy for Siewert types Ⅱ
and Ⅲ adenocarcinoma of the esophagogastric junction. World J
Gastroenterol 2015; 21(34): 9999-10007 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/9999.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.9999

INTRODUCTION
The incidence of adenocarcinoma of the esophagogastric
junction (AEG), a type of cancer involving the anatomical
border of the esophagogastric junction (EGJ), has
dramatically increased over the past several decades
in Western countries. Although accurate measurement
of its distribution is difficult, epidemiological data
from Asian countries have not shown a similar trend;
however, AEG is a fairly common malignancy in Japan,
[1-6]
Asia, South America, and Eastern Europe .
AEGs in the transitional junction between stratified
squamous epithelium and simple columnar epithelium
have distinct pathological and clinical characteristics
[7]
compared with esophageal cancer and gastric cancer .
Some investigators have reported on differences in
gender predilection, prognosis and potential etiology
after separating carcinomas of the EGJ and distal
esophagus or stomach based on their anatomical
relationship to the EGJ. These reports revealed that
the anatomic location of these increasingly prevalent
tumors could be associated with specific characteristics
that are predictive of clinical outcome. Controversy and
confusion persist regarding the location, definition and
classification of AEGs as well as regarding the causes
[8-10]
of these tumors
.
Among the limited consensus about the classifi
cation of AEG and the definition of the cardia, the
[11]
criteria established by Siewert et al
are now widely
accepted and used. According to Siewert’s criteria, AEG
is defined as a tumor with an epicenter within 5 cm
proximal or distal to the endoscopic cardia where the
longitudinal gastric folds end. The Siewert classification
divides AEGs into three subtypes, allowing the resection
approaches to be codified and comparisons to be made
[2,11,12]
between surgical series (Figure 1)
. Type Ⅰ tumors
are adenocarcinomas of the distal esophagus, which
usually arise from areas with specialized intestinal
metaplasia of the esophagus. Type Ⅱ tumors are true
carcinomas of the cardia arising immediately at the
EGJ, whereas Type Ⅲ tumors are subcardial gastric
carcinomas infiltrating the EGJ and distal esophagus
from below. In recent decades, numerous studies
have demonstrated that the location of the AEG affects
therapeutic management and influences the prognosis
and long-term quality of life.
Despite endoscopic screening and advances
in multimodality therapy, the prognosis of these
tumors is poor, with a 5-year overall survival (OS)
rate of approximately 20%. Surgical resection with
lymphadenectomy continues to play a pivotal role in
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5 cm
Type Ⅰ

Anatomical cardia
1 cm

Type Ⅱ
-2 cm
Type Ⅲ
-5 cm

Figure 1 Modified Siewert’s classification according to the distance of the
tumor epicenter from the anatomical cardia. Reproduced from Mariette et
al[2].

A

Although Siewert’s classification is used to deter
mine treatment strategy, the approach remains
controversial. An optimal surgical strategy has not yet
been established. Therefore, we have developed a
modified double-track anastomosis for alimentary canal
reconstruction after radical proximal gastrectomy by
combining the advantages of Roux-en-Y and functional
reconstruction of the stomach with jejunal interposition,
which preserves the antrum so that chyme can be
thoroughly mixed prior to transit to the duodenal
passage and reduces the morbidity of backflow
sequelae by offering an adequate evacuation tract
(Figure 2). The purpose of this study was to compare
the surgical outcomes for two reconstruction methods,
antrum-preserving double-tract reconstruction (ADTR)
and traditional Roux-en-Y reconstruction (RY) with
esophagojejunostomy, after total gastrectomy, and
to determine the best surgical approach for optimal
postoperative quality of life.

MATERIALS AND METHODS
Patients

D

We retrospectively collected a database of 55 consecutive
patients (48 males and 7 females) with AEG who
underwent curative surgical resection between January
2012 and June 2013 at the Department of General
Surgery of the Affiliated Hospital of North Sichuan
Medical College, China. The type of AEG was classified
according to Siewert’s criteria. All of the patients
suffering from synchronous gastric double cancer
who had a history of or concurrent other cancer(s),
distant metastasis, a previous history of surgery for
gastric or esophageal cancer or gastric stump cancer
were excluded. Furthermore, no patient underwent
preoperative neoadjuvant chemotherapy or radiotherapy.

B

C

Surgical indications and procedures

Figure 2 Antrum-preserving double-tract reconstruction. In our study, the
jejunum was divided approximately 20 cm distal to the ligament of Treitz, an
end-to-side esophagojejunal anastomosis (A) was performed, and the bottom
of the proximal jejunum limb was anastomosed to the side of the Roux limb
using a circular stapler at approximately 35 cm distal to the esophagojejunal
anastomosis (C). Then, a side-to-side gastrojejunal anastomosis (B) was
performed at 20 cm to the jejunojejunal anastomosis, and a pyloroplasty (D)
was necessarily implemented.

the treatment of AEG. Although total gastrectomy is
recommended as the standard treatment, 60% to
70% of tumors localizing in the cardiac region can
obtain a radical cure by proximal gastrectomy with
appropriate lymphadenectomy. This approach is widely
[13,14]
applied, especially in cases of early gastric cancer
.
Radical tumor resection and long-term tumor-free
survival are ideal treatment outcomes, and patients’
quality of life can be restored to normal if functional
alimentary canal reconstruction is performed soon
after diagnosis.

WJG|www.wjgnet.com

Before surgery, hematological examination, abdominal
ultrasonography, chest radiography, or computed
tomography (CT) scan were routinely performed
on all patients for tumor staging. The Siewert
type of the tumors was determined preoperatively
by upper gastrointestinal fiberscopic screening
and biopsy, which also offered references for the
surgical approach. To summarize these findings, the
preoperative Siewert’s subtype and surgical procedure
were ultimately determined. In accordance with the
Japanese gastric cancer treatment guidelines 2010
[15]
(ver. 3) , D2 lymph node dissection was performed
in patients on the basis of tumor location, size and
lymph node metastasis. Appropriate combined organ
resection (i.e., splenectomy) was performed to achieve
a curative resection.
All of the patients were operated on via an
abdominal approach, and procedures including
laparotomy and laparoscopy-assisted gastrectomy were
implemented via a midline upper abdominal incision.
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4d

3a

3b
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12a
12p
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8a

2

1

16

4sa

7
11d

8p

11p

Figure 3 The extent of systematic lymphadenectomy in the antrum-preserving double-tract reconstruction approach for adenocarcinoma of the
esophagogastric junction. The details of the antrum-preserving double-tract reconstruction method are as follows: we divided the omentum majus along the
transverse colon, then stripped the anterior lobe of the transverse mesocolon and isolated the pancreatic capsule at the inferior pancreatic edge and at the head of the
pancreas. Then, we skeletonized the right gastroepiploic artery and vein but preserved their completeness with a No. 6 lymphadenectomy. Based on the Japanese
gastric cancer treatment guidelines 2010 (ver. 3), the common hepatic artery, left and right gastric vessels, proximal splenic artery and left gastroepiploic vessels were
all skeletonized and ligated, with the exception of the common hepatic artery. In addition, the lymph nodes that are marked in the left figure (such as Nos. 7, 8a, 9, 1, 3,
and 11p) were dissected, whereas the resection of No. 16 was controversial.

For the RY group, standard D2 lymphadenectomy and
total gastrectomy were performed. The jejunum was
divided approximately 20 cm distal to the ligament of
Treitz; then, the distal jejunal limb was brought through
the transverse mesocolon via the retrocolic route, and
the stump was closed with a linear stapler. An end-toside esophagojejunostomy was performed mechanically
with a circular stapler, while the bottom of the proximal
jejunum limb was anastomosed to the side of the Roux
limb with a circular stapler at approximately 35 cm
distal to the esophagojejunal anastomosis. For the ADTR
group, the surgical procedure and its lymphadenectomy
details are shown in Figures 2 and 3. At least 6 cm distal
to the lower edge of the tumor, the remnant gastric
antrum was retained and closed with a linear stapler
after proximal gastrectomy. The jejunum was mobilized
and severed approximately 15 cm distal to the
ligament of Treitz. End-to-side esophagojejunostomy
was implemented with a circular stapler between
the stump closing of the distal jejunal limb and the
esophagus, and a side-to-end jejunoduodenostomy
was constructed with a circular stapler 35 cm distal to
the esophagojejunal anastomosis. Finally, the remnant
gastric antrum was anastomosed mechanically by a 6-8
cm side-to-side gastrojejunostomy with a linear stapler,
approximately 20 cm proximal to the jejunoduodenal
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anastomosis.

Histopathologic assessment and follow-up
th

Based on the American UICC 7 tumor-node-metastasis
[16,17]
(TNM) classification
, the gastric carcinoma scheme
was used for Siewert types Ⅱ and Ⅲ AEG staging, and
the regional lymph nodes and tumor histology were
evaluated according to the Japanese classification of
rd
[18]
gastric carcinoma 3 English edition . The survival
data for all of the patients were ascertained in June
2014. During the follow-up period, which ranged from
12 to 30 mo (median 17 mo), all of the patients’ basic
characteristics, including operative time, blood loss,
postoperative time to first flatus, time to resuming
a liquid diet, length of hospitalization, early and late
postoperative complications and OS were collected and
analyzed.

Statistical analysis

Quantitative data are expressed as the mean ± SD,
whereas qualitative data are shown as prevalence. A
two-sample Student’s t-test or Mann-Whitney rank
sum test was used to compare continuous data, and
2
the χ test or Fisher’s exact test was performed to
evaluate proportions. All-cause mortality and diseasespecific survival curves were plotted using the Kaplan-
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Table 1 Pathological characteristics of the antrum-preserving
double-tract reconstruction group and the Roux-en-Y
reconstruction group
Pathologic characteristic
Sex ratio (Male:Female)
Age (yr)
BMI (kg/m2)
Siewert type
Ⅱ
Ⅲ
pT status
T1a
T1b
T2
T3
T4a
Lymph node metastasis
pN0
pN1
pN2
pN3a
pN3b
Tumor TNM stage
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲa
Ⅲb
Ⅲc
Histological type
Well differentiated
Moderately differentiated
Poorly differentiated

ADTR (n = 18) RY (n = 37)
17:1
61.94 ± 6.41
21.50 ± 2.61

31:6
62.08 ± 7.98
20.98 ± 2.66

7
11

11
26

Table 2 Comparison of perioperative outcomes between the
antrum-preserving double-tract reconstruction group and the
Roux-en-Y reconstruction group

P value

Clinical feature
Postoperative hospital stay
(d)
Operating time (min)
Intraoperative blood loss
(mL)
First flatus time (d)
Time to resume liquid diet
(d)

0.406
0.950
0.683
0.497

0.744
0
3
1
2
12

0
3
4
5
25

6
4
7
1
0

8
9
15
5
0

3
2
1
1
3
7
1

0
0
4
6
3
7
17

3
11
4

16
13
8

ADTR (n = 18)

RY (n = 37)

P value

12.88 ± 5.81

14.08 ± 5.85

0.495

282.22 ± 77.93
362.77 ± 294.15

274.86 ± 63.23
270.81 ± 148.22

0.709
0.601

2.94 ± 0.83
4.47 ± 1.28

3.97 ± 1.11
6.11 ± 1.82

0.002
0.001

ADTR: Antrum-preserving double-tract reconstruction; RY: Antrumpreserving double-tract reconstruction.
0.709

status. According to the postoperative pathologic
inspection, there were no cases of positive surgical
margins, and the patients from both groups underwent
R0 curative resections.
0.002

Surgical background and postoperative complications

0.002

ADTR: Antrum-preserving double-tract reconstruction; RY: Antrumpreserving double-tract reconstruction; TNM: Tumor-node-metastasis.

Meier method and compared using the log-rank test.
A multivariate analysis of significantly different factors
was performed using covariates of a Cox regression
analysis to assess survival and recurrence in patients
with AEG. A two-sided P-value less than 0.05 was
considered statistically significant. All of the statistical
analyses were performed with the SPSS package
version 13.0 for Windows (SPSS Inc., Chicago, Illinois,
United States).

RESULTS
Patient demographics and tumor characteristics

From January 2012 to June 2013, 55 patients including
48 males and 7 females (mean age 62.04 ± 7.44
years, range from 45 to 79 years) underwent surgical
resection with curative intention for AEG according to
th
the 7 UICC TNM classification of malignant tumors.
Twenty patients had type Ⅱ AEG, and 35 patients
had type Ⅲ AEG, according to Siewert’s classification.
Patient demographics and tumor characteristics are
presented in Table 1. With the exception of the tumor
TNM stage and the histological type of tumor, both
groups were comparable with regard to age, sex,
Siewert type, pT status and lymph node metastasis

WJG|www.wjgnet.com

A total of 18 patients underwent surgical intervention
by ADTR; the remaining 37 patients underwent RY
reconstruction after total gastrectomy. The perioperative
outcomes of the ADTR and RY groups are shown
in Table 2. Comparing the perioperative outcomes
between the ADTR and RY groups, there were no
significant differences in terms of body mass index
(BMI), postoperative length of hospital stay, operating
time or intraoperative blood loss, whereas the time to
first flatus in the ADTR group was significantly shorter
than that in the RY group (2.94 ± 0.83 d vs 3.97 ±
1.11 d, P = 0.002). A similar outcome for the time to
resuming a liquid diet was detected for the two groups
(4.47 ± 1.28 d vs 6.11 ± 1.82 d, P = 0.001).

Follow-up outcomes and prognostic findings

The median follow-up period for patients in the
two groups was 17 mo (range 12-30 mo). In these
patients, a comparison of the overall postoperative
complication rate did not present a statistically
significant difference. There were no differences in
major complications, including anastomotic leakage,
anastomotic stenosis, anastomotic hemorrhage,
wound infection, respiratory infection, pleural
effusion, lymphorrhagia, and other surgery-related
complications, between the two groups. However, the
incidence of reflux esophagitis was more common in
the RY group compared with the ADTR group (Table 3).
Regarding tumor recurrence and metastasis for
patients’ long-term prognosis, no significant difference
was identified between the two groups. Univariate Cox
regression analysis of OS among AEG patients with
operative intervention demonstrated that age, gender,
BMI, pleural effusion, time to resuming a liquid diet,
lymphorrhagia and TNM stage were prognostic factors
for AEG in our study (Table 4). Meanwhile, multivariate
Cox regression analyses confirmed that pleural
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Table 5 Multivariate Cox regression analysis of overall survival
among patients with gastrectomy

Table 3 Postoperative complications in the antrumpreserving double-tract reconstruction group and Roux-en-Y
reconstruction groups

Characteristic
Complication

ADTR (n = 18)

Anastomosis-related complications
Anastomotic leakage
Anastomotic stenosis
Anastomotic hemorrhage
Early complications
Wound infection
Respiratory infection
Pleural effusion
Lymphorrhagia
Long-term complications
Reflux esophagitis
Cholelithiasis
Tumor recurrence
Tumor metastasis
Overall postoperative
complication

RY (n = 37)

P value

1
0
0

0
1
0

0.148
0.481
-

2
1
2
1

3
4
3
3

0.716
0.525
0.716
0.732

0
1
1
1
3

6
3
6
5
7

0.048
0.732
0.266
0.374
0.839

HR

Age
Gender
Pleural effusion
Time to resuming a liquid diet
Lymphorrhagia
TNM stage
1
2
3
4
5
6

0.6

P value

Age
Gender
BMI
Surgical method
Intraoperative blood loss
Length of postoperative hospital stay
Pleural effusion
Time to first flatus
Time to resuming a liquid diet
Lymphorrhagia
TNM stage

1.110
9.160
0.821
0.573
1.000
1.030
24.280
0.685
0.685
9.620
2.310

1.04-1.19
1.47-56.93
0.68-0.99
0.16-2.13
0.99-1.01
0.92-1.14
5.53-106.50
0.49-0.96
0.49-0.96
1.48-62.54
1.59-3.35

0.003
0.018
0.039
0.406
0.496
0.628
< 0.001
0.448
0.026
0.018
< 0.001

Cum survival

0.8

95%CI

0.001
0.049
< 0.001
0.020
0.011

0
0.01-0.350
0.01-0.651
0.01-0.484
0.01-0.446
0.16-1.13

0.982
0.003
0.146
0.007
0.009
0.087

Operation
ADTR
RY
ADTR-censored
RY-censored
ADTR group, n = 18

0.4

RY group, n = 18
Log-rank

0.2

χ 2 = 0.132, P = 0.716

0.0
5.00

BMI: Body mass index; TNM: Tumor-node-metastasis.

effusion and lymphorrhagia had a significant effect on
OS among AEG patients; however, BMI did not show a
positive result for OS prognosis (Table 5). Furthermore,
our follow-up data showed that the OS did not show a
significant difference between the ADTR (55.6%) and
RY (48.6%) groups (Figure 4).

DISCUSSION
Compared with other digestive tract tumors, AEGs
pose numerous clinical controversies regarding
histogenesis and clinicopathological characteristics as
well as treatment strategies and prognosis. Surgical
resection with en bloc tumor removal and regional
lymphadenectomy is currently recommended as the
mainstay of potentially curative therapy in the treatment
of AEG. Meanwhile, concomitant postoperative
complaints and complications such as delayed gastric
emptying, reflux esophagitis, remnant gastritis
or anastomositis, anastomotic ulcer, anastomotic
stricture, and malnutrition seriously diminish patients’
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0
0.02
0.19
0.05
0.03
0.43

P value

Survival functions

Table 4 Univariate Cox regression analysis of overall survival
among patients with gastrectomy
HR

1.06-1.22
1.01-39.17
4.35-119.124
0.45-0.93
1.84-124.47

TNM: Tumor-node-metastasis.

1.0

Characteristic

95%CI

1.13
6.29
22.77
0.65
15.14

10.00

15.00
20.00
Time since surgery (mo)

25.00

30.00

Figure 4 Kaplan-Meier graph showing overall survival in patients grouped
according to operative procedure. P = 0.716 between groups. RY: Rouxen-Y reconstruction; ADTR: Antrum-preserving double-tract reconstruction.

postoperative quality of life. Hence, intraoperative
digestive tract reconstruction methods play a vital
role in minimizing postoperative complications for
AEG patients. Therefore, the investigation of optimal
reconstruction methods has been recognized as one of
the main approaches to improving patients’ quality of
life. The Japanese gastric cancer treatment guidelines
2010 (ver. 3) note that standard gastrectomy is the
principal surgical procedure performed with curative
intent; this treatment involves the complete resection
of the stomach with D2 lymph node dissection.
Proximal gastrectomy is adequate only for early gastric
cancer (cT1cN0M) located in the upper third of the
[17,19,20]
stomach
. Reconstruction methods for proximal
gastrectomy are far less prevalent than for total
gastrectomy. Digestive tract reconstruction options
for total gastrectomy are clinically applied in more
than 50% of cases; however, classical RY remains the
optimal choice because there is a lack of high-level
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multi-center randomized controlled studies to generate
evidence-based support for other methods. Whether RY
with esophagojejunal anastomosis for total gastrectomy
is the best solution for AEG remains controversial, and
[21-24]
numerous problems must be addressed
. First, total
gastrectomy implemented for AEG may be classified
in the excessive resection range. For example, “the
th
13 Japanese Gastric Cancer statute” advocated that
lymph nodes Nos. 5, 6, 12a, 12b and 14v should be
regarded as third station lymph nodes (D3) that do
not need to be removed for proximal gastric tumors.
Second, it is important to determine whether the
incidence of cholelithiasis and postoperative malnutrition
will increase or whether bile secretion will decrease
[25]
when the duodenal pathway is absent . Third, total
gastrectomy not only prevents gastric juice secretion
from affecting the assimilation of iron and causing iron
deficiency anemia (IDA) but also decreases intrinsic
factor secretion, which impedes vitamin B12 absorption
and causes megaloblastic anemia (MA), which
ultimately results in post-gastrectomy malabsorption
syndrome. Hence, we explored and improved a new
method of digestive tract reconstruction involving
ADTR and compared it to the classical Roux-en-Y
esophagojejunostomy for total gastrectomy. We
found that ADTR could commendably overcome the
disadvantages of the RY method and enhance patients’
[12,26]
postoperative quality of life
.
ADTR was first reported for proximal gastrectomy
[27]
by Aikou et al
in 1988 and was confirmed to offer
numerous advantages. ADTR offers a more reasonable
resection region and lymphadenectomy, especially for
the majority of patients undergoing total gastrectomy.
The duodenal chymus pathway remains intact during
ADTR, which stimulates gastrointestinal hormone
secretion (such as pancreozymin, cholecystokinin,
and insulin). As a result, ADTR retains the primordial
digestive function and reduces the incidence of
[28]
postoperative malnutrition and cholelithiasis .
Furthermore, the remnant gastric antrum provides
the capacity for food storage, which not only delays
emptying time to ensure the efficient mixing of food
with the digestive juices but also promotes gastrin (GAS)
secretion for adequate chymus digestion, ultimately
[29]
enhancing patients’ long-term quality of life . Moreover,
ADTR provides double output channels for food transit,
and this split transit approach can effectively prevent
and reduce the incidence of esophageal reflux and
[29-31]
dumping syndrome
. Additionally, the remnant
gastric antrum maintains gastric hormone secretion,
which partially aids in the absorption of iron and
prevents malabsorption of vitamin B12, decreasing the
incidence of post gastrectomy malabsorption syndrome.
The data for 55 AEG patients were retrospectively
analyzed. Comparing the pathological characteristics
between the ADTR and RY groups revealed no signifi
cant difference in terms of Siewert type, pT status or
lymph node metastasis (pN). An advanced tumor TNM
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stage usually indicated a worse prognosis, whereas
a well-differentiated histological type predicted a
better prognosis. Although significant differences
were shown with respect to the TNM stage and the
degree of histological differentiation in our study, they
had opposite trends and their effects could not be
confirmed. In the ADTR group, the obvious advantages
were observed for the time to first flatus (2.94 ±
0.83 d vs 3.97 ± 1.11 d, P = 0.002) and the time to
resuming a liquid diet (4.47 ± 1.28 d vs 6.11 ± 1.82
d, P = 0.001). However, no differences were found
with respect to perioperative outcomes, anastomosisrelated complications or early complications between
the two groups. Similarly, there were no statistically
significant differences with respect to tumor recurrence
or metastasis during the follow-up period (range,
12-30 mo). The Kaplan-Meier graph showing OS
according to operative procedure between the two
groups also demonstrated similar outcomes (Figure
4), which confirmed that ADTR was technically safe
and feasible, compared with conventional Roux-en-Y
esophagojejunostomy after total gastrectomy.
Based on the outcome of the Cox regression analysis,
our study revealed that age, gender, BMI, pleural
effusion, time to resuming a liquid diet, lymphorrhagia,
and TNM stage were important prognostic factors
for OS in this setting. Hence, we conclude that
ADTR may be suitable to improve the quality of life
and OS of AEG patients. It was found that pleural
effusion and lymphorrhagia play an important role in
prognosis and OS, and extensive surgical intervention
is required to decrease these complications. In our
opinion, redundant or rough posterior mediastinum
anatomy might cause pleura injury and result in
pleural effusion, which together with lymphorrhagia,
mainly caused by uncompleted lymph-vessel ligature,
seriously affected the OS of AEG patients. Therefore,
elaborate anatomy around the cardia and sufficient
ligature were recommended to improve the OS of AEG
patients. In addition, we observed that an early return
to a liquid diet could afford patients better quality of
life. Notably, intraoperative blood loss did not affect
the prognosis of AEG. One possible explanation is
that we transfused sufficient blood products to avoid
hypovolemia and its corresponding factors. With respect
to tumor recurrence, metastasis and long-term survival,
there were no differences between the ADTR group
and the RY group. These results confirmed that the
ADTR method is a safe and reasonable reconstruction
procedure.
In conclusion, the ADTR approach is recommended
over traditional Roux-en-Y esophagojejunostomy for
Siewert types Ⅱ and Ⅲ AEG. Although ADTR provides
similar rates of tumor recurrence, metastasis and longterm survival, this approach considerably improves the
near-term quality of life, especially in terms of early
recovery and decreased reflux esophagitis. Therefore,
ADTR is recommended as a worthwhile digestive tract
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reconstruction approach.
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Background

The incidence of adenocarcinoma of the esophagogastric junction (AEG) is
rising rapidly and surgery remains the only established curative treatment for
AEG in its resectable stages. However, the alimentary canal reconstruction
method, which plays a determining factor in postgastrectomy quality of life
among AEG patients, has not been established. To explore a reasonable
reconstruction method for AEG patient, the authors developed a new
reconstruction method, antrum-preserving double tract reconstruction (ADTR),
and assessed its efficacy and safety in terms of long-term survival, complication
morbidity, and mortality retrospectively at our institution since January 2012.

7
8
9

Research frontiers

With the development of standard surgery for AEG, gastrointestinal surgeons
have taken an increased interest in optimal digestive tract reconstruction
pattern which not only provides radical tumor removal but also alleviates the
surgery-related complications as soon as possible and offers satisfying quality
of life.

10

11

Innovations and breakthroughs

The present study modified the double-track anastomosis for alimentary
canal reconstruction after radical proximal gastrectomy by combining the
advantages of Roux-en-Y and functional reconstruction of the stomach
with jejunal interposition, which preserves the antrum so that chyme can be
thoroughly mixed prior to transit to the duodenal passage and reduces the
morbidity of backflow sequelae by offering an adequate evacuation tract. Thus,
the procedure ADTR obviously shortened the perioperative recovery indexes
such as time to first flatus and time to resuming a liquid diet. The postoperative
morbidity and mortality rates for overall postoperative complications and
the rates of tumor recurrence and metastasis were not significantly different
between the two groups.

Applications

The study suggests that ADTR is technically safe and feasible, offering an
agreeable near-term quality of life, especially in terms of early recovery and
the alleviation of reflux esophagitis. ADTR may be a worthwhile digestive tract
reconstruction method for Siewert types Ⅱ and Ⅲ AEG.
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The present study provides a practical and well-illustrated review of the safety
and feasiblility of ADTR for AEG. Based on the experience with 55 AEG
patients, the conclusion is that ADTR is technically safe and feasible, with
acceptable surgical outcomes.
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Abstract
AIM: To clarify the computed tomography (CT) and
magnetic resonance imaging (MRI) characteristics of
lipid-rich pancreatic neuroendocrine tumors (PanNETs).
METHODS: Enhanced CT and MRI performed before
pancreatectomy in 29 patients with 34 histologicallyconfirmed PanNETs was retrospectively reviewed. Tumor
attenuation on CT and signal intensities on conventional
(T1- and T2-weighted) and chemical shift MRI were
qualitatively analyzed and compared alongside adipose
differentiation-related protein (ADRP) immunostaining
(ADRP-positive: lipid-rich; ADRP-negative: non-lipid-rich)
results using Fisher’s exact test or the Mann-Whitney U
test. Signal intensity index on chemical shift MRI was
quantitatively assessed.
RESULTS: There were 15 lipid-rich PanNETs (44.1%)
in 12 patients (41.4%). Tumor attenuation during the
early, portal venous, and delayed phases of enhanced
CT (P = 0.888, 0.443, and 0.359, respectively) and
signal intensities on conventional MRI (P = 0.698 and
0.798, respectively) were not significantly different
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between lipid-rich and non-lipid-rich PanNETs. Four
of the 15 lipid-rich PanNETs exhibited high signal
intensity on subtraction chemical shift MRI, and the
association of high signal intensity on subtraction
imaging with lipid-rich PanNETs was significant (4 of
15 lipid-rich PanNETs, 26.73%, vs 0 of 19 non-lipid-rich
PanNETs, 0%, P = 0.029). Lipid-rich PanNETs showed a
significantly higher signal intensity index than non-lipidrich PanNETs (0.6% ± 14.1% vs -10.4% ± 14.4%, P =
0.004). Eight of 15 lipid-rich PanNETs, vs 0 of 19 nonlipid-rich PanNETs, had positive signal intensity index
values in concordance with lipid contents.
CONCLUSION: CT contrast enhancement and
conventional MR signal intensities are similar in lipidrich and non-lipid-rich PanNETs. Chemical shift MRI can
demonstrate cytoplasmic lipids in PanNETs.
Key words: Neoplasms; Chemical shift magnetic
resonance imaging; Pancreas; Computed tomography;
Neuroendocrine tumors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Little is known about lipid-rich pancreatic
neuroendocrine tumors (PanNETs). In the current study,
we clarify computed tomography (CT) and magnetic
resonance imaging (MRI) characteristics of lipidrich PanNETs. Adipose differentiation-related protein
antibody positive lipid-rich cells were observed in 15 of
34 tumors (44.1%). Lipid-rich PanNETs had a similar
appearance to usual PanNETs on enhanced CT. On
chemical shift MRI, positive signal intensity index values
in concordance with lipid contents were observed in
eight of 34 tumors (23.5%). Lipid-rich PanNETs should
be included in differential diagnosis whenever chemical
shift MRI demonstrates lipid components within
hypervascular pancreatic tumors.
Fukukura Y, Shindo T, Higashi M, Takumi K, Umanodan T,
Yoneyama T, Yoshiura T. Computed tomography and magnetic
resonance imaging features of lipid-rich neuroendocrine tumors of
the pancreas. World J Gastroenterol 2015; 21(34): 10008-10017
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i34/10008.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i34.10008

INTRODUCTION
Pancreatic neuroendocrine tumors (PanNETs) originate
from pluripotent ductal stem cells and show endocrine
[1]
differentiation . The estimated prevalence of PanNET
[2]
is 2.2 per million persons per year . Microscopically,
these tumors are usually composed of small, relatively
uniform cuboidal cells with a finely granular eosinophilic
or amphophilic cytoplasm that may be arranged
[3]
into trabeculae, festoons, or solid nests . Lipid-rich
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tumors are a distinct histological variant of PanNET
that have cells characterized by an abundant, clear,
and vacuolated cytoplasm; this substantial deviation
from the usual appearance can pose diagnostic
[3-7]
problems at biopsy . However, the clinicopathological
characteristics of lipid-rich PanNET and its difference
from the usual PanNET remain unclear.
Diagnostic imaging is important for differentiating
PanNETs from other pancreatic lesions in order to
guide therapeutic strategy. Enhanced computed
tomography (CT) and magnetic resonance imaging
(MRI) are widely accepted techniques for detecting
and characterizing pancreatic lesions. Due to
their rich blood capillary network, typical PanNETs
hyperattenuate relative to the surrounding pancreatic
parenchyma during the early or portal venous phase
[8,9]
of contrast enhanced CT . PanNET appears as a
relatively hypointense mass on T1-weighted images
and most PanNETs demonstrate much higher signal
intensities than normal pancreas on T2-weighted
[9,10]
images
. However, the CT and MRI features of lipidrich PanNETs have not yet been described.
Chemical shift MRI has been clinically applied in
the field of body imaging to detect small amounts of
lipids based on the inherent difference in the resonant
[11,12]
frequencies of water and fat protons
. Radiologic
detection of lipid components within pancreatic lesions
has been evaluated for a variety of pancreatic lesions,
and this information has been reported to enable
radiologists to differentiate lipid-containing pancreatic
[13-18]
lesions from PanNETs
. However, there have been
no reports regarding the utility of chemical shift MRI
for the detection of intracytoplasmic lipids associated
with lipid-rich PanNETs.
Therefore, the purpose of the current study was
to clarify the CT and MRI characteristics of lipid-rich
PanNETs.

MATERIALS AND METHODS
Study population

Approval from the institutional ethics review board of
the Kagoshima University Graduate School of Medical
and Dental Sciences (Kagoshima City, Japan) was
obtained and informed consent was waived for this
retrospective study. Via review of clinical charts and
records from the Department of Human Pathology,
a total of 51 patients with pathologically-confirmed
PanNET following surgical resection between April 2001
and June 2013 were retrospectively identified. Among
these patients, 30 underwent three-phase enhanced
CT (including early, portal venous, and delayed phases)
and chemical shift MRI before pancreatectomy. The
mean interval between imaging and surgical resection
was 36.4 d (range, 4-77 d). Twenty-seven patients
had unifocal PanNETs. One patient with a PanNET
measuring 7 mm in diameter that was not visualized
on CT and MRI was excluded. In three patients with
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multifocal tumors, tumors with a maximum diameter
< 10 mm were excluded because they were too small
to evaluate on CT or MRI. One of the patients with
multifocal PanNETs had one tumor ≥ 10 mm, while
another two patients had three and four, respectively.
Thus, the final study population was comprised of 29
patients (13 men, 16 women; mean age, 55.8 years;
range, 18-76 years) with 34 PanNETs. All clinical data,
morphologic imaging findings (three-phase enhanced
CT and MRI), and pathologic records for all patients
were collected by the study coordinator, who had 20
years of abdominal radiology experience. Two patients
had multiple endocrine neoplasia type 1 (MEN-1) and
one had von Hippel-Lindau disease. Fourteen patients
had hyperfunctioning endocrine tumors (9 insulinomas,
2 gastrinomas, and 3 glucagonomas). Tumor sizes
ranged from 11 to 119 mm (mean, 24.1 mm), and
tumors were located in the head (n = 14), body (n =
10), or tail (n = 10) of the pancreas.

Histopathological analysis

Following surgical resection, the final diagnosis
was confirmed by a pathologist with 20 years of
experience in pathological evaluation. The pathologist
evaluated pathological tumor grade on the basis of
[19]
the World Health Organization (WHO) classification ,
and reported the percentages of clear cells (based
on findings of an abundant, clear, and vacuolated
cytoplasm after hematoxylin-eosin staining of surgical
specimens) and lipid-rich cells in each tumor. Lipid-rich
cells were identified by immunohistochemical staining
for adipose differentiation-related protein (ADRP)
antibody (monoclonal antibody ADFP/AP125, 1:100,
mouse IgG, NOVUS Biologicals, Littleton, CO, United
States). All sections were stained on a Benchmark
XT automated slide stainer using a diaminobenzidine
detection kit (Ventana Medical Systems, Tucson, AZ,
United States).

CT imaging technique

CT was performed on single- or multi-detector (16
or 64) row CT scanners using any of three CT units
(Xvigor or Aquilion; Toshiba Medical Systems, Tokyo,
Japan). All scans began at the top of the liver and
continued through to the end of the pancreas. Imaging
parameters for all phases of single-detector row CT (n
= 7) included: 3 mm collimation, 3 mm reconstruction
intervals using 120 kVp and 250 mA, and a 1:1 table
pitch. Imaging parameters for multi-detector row
CT (n = 22) were as follows: tube voltage, 120 kVp;
gantry rotation speed, 0.5 s; maximum allowable tube
current, 440 mA; detector row configuration, 16 mm
× 1 mm for 16-detector row CT (n = 6) or 64 mm ×
0.5 mm for 64-detector row CT (n = 16); and table
increment, 15 mm/rotation for 16-detector row CT or
26.5 mm/rotation for 64-detector row CT. Early and
portal venous phase scans were obtained at 30 and
70 s after starting infusion of contrast medium with
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single-detector row CT. With multi-detector row CT,
they were obtained at delays of 23 s and 50 s after the
bolus-tracking program detected the threshold aortic
enhancement of 50 Hounsfield units. Scan delay for
the delayed phase was fixed at 180 s after contrast
injection. In each contrast-enhanced CT examination,
a 100 mL or 2 mL/kg body weight of non-ionic contrast
material with an iodine concentration of 300 mg I/mL
(Iopamiron, Bayer Schering Pharma, Osaka, Japan
or Omnipaque, Daiichi Sankyo, Tokyo, Japan) was
intravenously injected at a fixed duration of 30 s.

MRI technique

MR images were obtained with 1.5-T [Magnetom
Vision, Siemens, Erlangen, Germany (n = 9) or
Excelart Vantage, Toshiba Medical Systems, Otawara,
Japan (n = 6)] or 3.0-T system [Magnetom Trio,
Siemens AG, Erlangen, Germany (n = 10) or Ingenia,
Philips, Best, the Netherlands (n = 4)]. Chemical shift
MRI was performed with a breath-hold 2D sequence
with the 1.5-T (n = 15) and one of the 3.0-T MR
systems (n = 4), and with a 3D dual gradient-echo
sequence with the other 3.0-T MR system (n = 10).
The MRI protocol and pulse sequence parameters are
reported in Table 1. The subtraction chemical shift MR
images were obtained by subtracting the series of outof-phase images from the series of in-phase images
using commercially available software integrated in the
MR system.
Fat-suppressed T2-weighted images were obtained
with a breath-hold single-shot turbo spin-echo (n = 9)
or a respiratory-triggered multi-shot turbo spin-echo
sequence (n = 20).

Qualitative image analysis

Two board-certified radiologists with 13 and 15 years
of experience in abdominal radiology, respectively,
independently assessed tumor-node-metastasis (TNM)
stage according to the European Neuroendocrine
[20]
Tumor Society of PanNETs
on CT and MRI. Tumor
involvement of the celiac axis or superior mesenteric
artery was considered if the artery showed that more
than a half of its circumference was contiguous with
[21]
the tumor . The presence of lymph nodes with
a short-axis diameter > 10 mm was regarded as
[22]
lymph node metastases . Tumor margins (sharp or
irregular) and interruption of the main pancreatic duct
with upstream ductal dilatation (≥ 3 mm) was also
evaluated on enhanced CT and MRI.
The degree of tumor attenuation relative to the
surrounding pancreatic parenchyma during each CT
phase was evaluated using a 4-point scale where
grade 1 indicated low attenuation, grade 2 indicated iso
attenuation, grade 3 indicated mildly high attenuation,
and grade 4 indicated high attenuation. Homogeneity
(homogenous or heterogeneous) of tumor contrast
enhancement during early phase enhanced CT was
evaluated.

10010

September 14, 2015|Volume 21|Issue 34|

Fukukura Y et al . CT and MRI of Lipid-rich PanNETs
Table 1 Magnetic resonance imaging sequences and parameters

Chemical-shift MRI
2D dual GRE with 1.5-T system (n = 15)
2D dual GRE with 3.0-T system (n = 4)
3D dual GRE with 3.0-T system (n = 10)
Fat-suppressed T2-weighted imaging
Breath-hold half-Fourier single-shot
TSE with 1.5-T system (n = 9)
Respiratory-triggered multi-shot TSE
with 1.5-T system (n = 6)
Respiratory-triggered multi-shot TSE
with 3.0-T system (n = 14)

TR (ms)

TE (ms)

FA (°)

Thickness (mm)

ETL

Matrix Size

FOV (mm)

128-133
197-238
5.8

2.2-2.4, 4.4-4.8
1.2, 2.4
1.2, 2.4

70-75
60
10

4-7
5-5.5
2.5

-

134-205 × 256
192-200 × 192-200
192 × 256

320-380
350-360
350

Infinity

90

90

4-7

138

256 × 256

320-380

Respiratory
intervals
Respiratory
intervals

80-85

90

5-6

15

256 × 336

320-350

70-80

90

4-6

11-18

256-384 × 320-512

320-360

CT: Computed tomography; MRI: Magnetic resonance imaging; GRE: Gradient-echo; TSE: Turbo spin-echo; TR: Repetition time; TE: Echo time; FA: Flip
angle; ETL: Echo train length; FOV: Field of view.

The readers were also asked to assess the following
MRI characteristics: (1) predominant signal intensity
on fat-suppressed T2-weighted images that was lower
than, the same as, mildly higher, or higher than that
of pancreatic parenchyma; (2) tumor homogeneity
(homogenous or heterogeneous) on fat-suppressed
T2-weighted MRI; (3) signal intensity of in-phase and
out-of-phase images that was lower than, the same
as, or higher than that of pancreatic parenchyma; and
(4) the presence of intravoxel lipid, represented by
high signal intensity on subtraction chemical shift MR
images.
Any discrepancies were resolved during a third
analysis session, in which a decision was reached by
consulting with a third radiologist with 16 years of
experience in abdominal radiology. The readers knew
that the patients had PanNETs, but were blinded to the
results of the histopathological analyses.

Quantitative MRI analysis

The signal intensities of in-phase and out-of-phase
images were measured with an electronic cursor using
oval or circular regions of interest (ROIs). To minimize
bias on the measurements, a radiologist with 13
years of experience in abdominal radiology who did
not attend the qualitative imaging analysis and had
no knowledge of the histopathological or qualitative
imaging findings, placed ROIs as large as possible
2
within the PanNETs (mean size, 234 mm ; range,
2
10-4194 mm ). Cystic, hemorrhagic, and calcified
components in the tumor were excluded from the
ROIs whenever possible. The radiologist attempted to
avoid causing a partial volume artifact at the edge of
the tumor within the ROIs, and to place the ROIs in
identical sites and sizes for in-phase and out-of-phase
images in each patient.
The following quantitative parameter of signal
changes between in-phase and out-of-phase images
was calculated from the data acquired: signal intensity
index which = [(tumor signal intensity on in-phase
imaging - tumor signal intensity on out-of-phase
imaging)/(tumor signal intensity on in-phase imaging)]
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× 100%.

Statistical analysis

We examined the CT and MRI features of ADRPpositive (lipid-rich) PanNETs to clarify the imaging
characteristics in comparison with ADRP-negative
(non-lipid-rich) PanNETs. Statistical analyses were
performed using SPSS 14.0 software for Windows
(SPSS version 14.0, Chicago, IL, United States).
Fisher’s exact test was used to compare patient
gender, the presence of hormonal syndrome, tumor
location, pathological tumor grade (G 1 vs G 2-3), the
presence of clear cells, tumor margin, the presence
of upstream main pancreatic duct dilatation, tumor
homogeneity on the early phase enhanced CT and fatsuppressed T2-weighted imaging, and the presence of
intravoxel lipid on the subtraction chemical shift MRI.
Patient age, tumor size, TNM stage, visual grade of
tumor attenuation on CT and signal intensity on T1and T2-weighted images, and signal intensity index
were compared between lipid-rich and non-lipid-rich
PanNETs by Mann-Whitney U test. For all statistical
analyses, a P value < 0.05 was considered statistically
significant.
Kappa and weighted-kappa analyses were used
to determine interobserver agreement for TNM
stage, tumor margin, upstream main pancreatic duct
dilatation, and visual tumor attenuation on CT and
tumor signal intensity on T1-weighted, T2-weighted,
and subtraction chemical-shift images, as well as
tumor homogeneities on the early phase enhanced CT
[23]
and T2-weighted MRI .
The statistical methods of this study were mainly
reviewed by Yoshihiko Fukukura from Kagoshima
University Graduate School of Medical and Dental
Sciences.

RESULTS
Lipid-rich PanNETs were identified by ADRP-positive
immunostaining in 12 of 29 patients (41.4%), and 15
of the 34 PanNETs (44.1%) contained some portion
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Table 2 Comparison of clinical characteristics and TNM stage
in 29 patients with lipid-rich or non-lipid-rich pancreatic
neuroendocrine tumors
Patients with nonlipid-rich PanNET
(n = 17)

P value

52.6 ± 18.3

58.1 ± 15.0

0.4781
1.0002

5
7

8
9

Patients with lipidrich PanNET
(n = 12)
Age (yr)
Sex
Male
Female
Hormonal syndrome
Functioning
Non-functioning
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

6
6
3
6
1
2

8
9

Table 3 Comparison of histopathological findings in lipid-rich

vs non-lipid-rich pancreatic neuroendocrine tumors

Lipid-rich PanNET
Non-lipid-rich
(n = 15)
PanNET (n = 19)
Tumor size (mm)
Location
Head
Body
Tail
Pathological grade
Grade 1
Grade 2-3
Clear cells
Present
Absent

1.0002

0.0481

11
4
1
1

28.8 ± 26.2

20.5 ± 16.9

7
5
3

7
5
7

8
7

14
5

8
7

0
19

P value
0.0391
0.6792

0.2882

< 0.0012

1

The P value levels shown were followed by the Mann-Whitney U test;
The P value levels shown were followed by Fisher’s exact test. PanNET:
Pancreatic neuroendocrine tumor.
2

1

The P value levels shown were followed by the Mann-Whitney U test;
The P value levels shown were followed by Fisher’s exact test. PanNET:
Pancreatic neuroendocrine tumor.
2

(3% to 70%, mean 23.4%) of ADRP-positive lipid-rich
cells.
There were no significant differences between
patients with lipid-rich PanNETs and those with nonlipid-rich PanNETs in terms of age, gender, or the
presence of hormonal syndrome (P = 0.478, 1.000,
and 1.000, respectively) (Table 2). Fourteen patients
were in Stage Ⅰ, 10 patients in Stage Ⅱ, two patients
in Stage Ⅲ, and three patients in Stage Ⅳ (κ = 0.97).
The TNM stage was higher in patients with lipid-rich
PanNETs than that in those with non-lipid-rich PanNETs
(P = 0.048).
Details including tumor size, location, pathological
grade, and the presence of clear cells of all PanNETs
are provided in Table 3. Lipid-rich PanNETs were
significantly larger than non-lipid-rich PanNETs (28.8
± 26.2 mm vs 20.5 ± 16.9 mm, P = 0.039). Tumor
location (P = 0.184) was not significantly different
between lipid-rich and non-lipid-rich PanNETs. On the
basis of WHO classification, there were 22 G1 tumors,
11 G2 tumors, and one G3 tumor; there were no
significant differences in pathological grade between
lipid-rich and non-lipid-rich PanNETs (P = 0.288). Eight
tumors (23.5%) in five patients (17.2%) contained
clear cells at percentages ranging from 3% to 40%,
mean 18.5%. Clear cells were found only in ADRPpositive lipid-rich PanNETs, and the association of
clear cells with lipid-rich PanNETs was significant (8 of
15 ADRP-positive tumors, 53.3%, vs 0 of 19 ADRPnegative tumors, 0%, P < 0.001). All four PanNETs
in a patient with von Hippel-Lindau disease contained
ADRP-positive lipid-rich cells and clear cells. In two
patients with MEN-1, two of four PanNETs contained
ADRP-positive lipid-rich cells, but no clear cells were
identified in any PanNETs. Nine of 26 patients (34.6%)
who did not have any evidence of familial syndromes
had lipid-rich PanNETs.
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Comparison of qualitative CT and MRI parameters
in lipid-rich and non-lipid-rich PanNETs are presented in
Table 4. There were no significant differences in tumor
margins (P = 0.697) or the presence of upstream main
pancreatic duct dilatation (P = 0.672) between lipidrich and non-lipid-rich PanNETs. The degree of tumor
attenuation relative to the surrounding pancreatic
parenchyma during each phase was not significantly
different between lipid-rich and non-lipid-rich PanNETs
(unenhanced CT, P = 0.128; early phase, P = 0.888;
portal venous phase, P = 0.443; delayed phase, P =
0.359). There was no significant difference in tumor
homogeneity on early phase enhanced CT (P = 1.000)
or fat-suppressed T2-weighted MRI (P = 0.484).
No significant difference between tumor types was
observed in terms of signal intensity on in-phase (P =
0.698), out-of-phase (P = 0.057), or fat-suppressed
T2-weighted MR images (P = 0.798). Four of the 15
lipid-rich PanNETs exhibited high signal intensity on
subtraction chemical shift MRI, and the association
of high signal intensity on subtraction imaging with
lipid-rich PanNETs was significant (4 of 15 lipid-rich
PanNETs, 26.73%, vs 0 of 19 non-lipid-rich PanNETs,
0%, P = 0.029) (Figures 1 and 2). Interobserver
agreement was substantial to almost perfect for the
features described in the qualitative analysis.
In quantitative terms, the signal intensity index of
lipid-rich PanNETs was significantly higher than that of
the non-lipid-rich PanNETs (0.6% ± 14.1% vs -10.4%
± 14.4%, P = 0.004) (Figure 3). Eight of 15 lipidrich PanNETs, vs 0 of 19 non-lipid-rich PanNETs, had
positive signal intensity index values. All four of the
tumors that were visually classified as high intensity on
subtraction MRI also exhibited positive signal intensity
index values.

DISCUSSION
The lipid-rich variant of PanNET contains clear cells
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Table 4 Comparison of qualitative computed tomography
and magnetic resonance imaging parameters in lipid-rich and
non-lipid-rich pancreatic neuroendocrine tumors
Qualitative variables

Lipid-rich
PanNET
(n = 15)

Non-lipid-rich P value
PanNET
(n = 19)

Tumor margin
Sharp
12
Irregular
3
Upstream pancreatic duct dilatation
Present
4
Absent
11
Tumor attenuation on unenhanced CT
Low
3
Iso
12
Mildly high
0
High
0
Tumor attenuation on early phase
Low
0
Iso
2
Mildly high
4
High
9
Tumor attenuation on portal venous phase
Low
0
Iso
4
Mildly high
6
High
5
Tumor attenuation on delayed phase
Low
1
Iso
6
Mildly high
5
High
3
Tumor homogeneity on early phase
Homogenous
8
Heterogeneous
7
Signal intensity on T2-weighted image
Lower intensity
1
Same intensity
3
Mildly higher intensity
5
Higher intensity
6
Tumor homogeneity on T2-weighted image
Homogenous
8
Heterogeneous
7
Signal intensity on in-phase image
Lower intensity
14
Same intensity
1
Higher intensity
0
Signal intensity on out-of-phase image
Lower intensity
13
Same intensity
1
Higher intensity
1
Intravoxel lipid on subtraction image
Present
4
Absent
11

13
6
3
16
1
17
1
0
2
0
5
12
1
6
7
5
1
12
2
4
11
8
4
2
5
8
13
6
17
2
0
10
8
1

κ

0.6972

0.92

0.6722

1.00

0.1281

0.99

0.8881

0.96

0.4431

0.81

0.3591

0.75

1.0002

0.77

0.7981

0.98

0.4842

0.77

0.6981

0.79

0.0571

0.89

0.0292

1.00

0
19

1

The P value levels shown were followed by the Mann-Whitney U test;
The P value levels shown were followed by Fisher’s exact test. PanNET:
Pancreatic neuroendocrine tumor; CT: Computed tomography.
2

or cells with reticulated and vacuolated cytoplasm,
depending on the amount of lipid, under light
[3-7]
microscopy
. Because the vesicles forming the
cytoplasm are clear, lipid-rich PanNETs have occasionally
[5]
been classified as clear cell PanNETs . However, very
frequently cytoplasmic lipids are nearly indistinguishable
from glycogen or mucin inclusions in the cytoplasm
because both appear as unstained vesicles upon

WJG|www.wjgnet.com

hematoxylin-eosin staining. ADRP is a lipid dropletassociated protein that coats cytoplasmic lipid droplets,
and is a specific marker for diseases characterized
[24,25]
by lipid accumulation
. We therefore performed
immunohistochemical ADRP staining to check for lipidrich cells in PanNETs. ADRP-positive lipid-rich cells
were observed in 15 of 34 tumors (44.1%), and clear
cells were observed in 8 (23.5%). The results can be
explained by the fact that ADRP immunohistochemistry
offers a more sensitive technique to demonstrate lipid
[24]
droplets compared with hematoxylin-eosin staining .
Physicians should be aware that there is a considerable
amount of cytoplasmic lipid in PanNETs.
Lipid-rich PanNETs are strongly associated with von
[4]
[6]
Hippel-Lindau disease and MEN-1 . It is reported
that 60% of von Hippel-Lindau disease-associated
[4]
PanNETs will exhibit at least focal clear-cell cytology .
In our study, all four PanNETs in a patient with von
Hippel-Lindau disease contained ADRP-positive lipid[6]
rich cells and clear cells. Fryer et al reported that
PanNETs contained lipid-rich cells either focally or
entirely in six of 16 patients (37.5%) with MEN-1. In
our two patients with MEN-1, two of four PanNETs
contained ADRP-positive lipid-rich cells. The frequency
of lipid-rich PanNETs in patients without MEN-1 or von
Hippel-Lindau disease has been obscure. Nine of 26
patients (34.6%) in our series who did not have any
evidence of familial syndromes had ADRP-positive
lipid-rich PanNETs. Therefore, the lipid-rich variant of
[3,5]
PanNETs may be not as rare as previously reported ,
although further study is needed to clarify the
prevalence of lipid-rich or clear cell variants of PanNETs
in a larger study population.
[5]
Singh et al reported that lipid-rich PanNETs
tended to be larger than conventional PanNETs, have
histologically more diffuse growth patterns, and
have a vascular pattern that has a more sinusoidal
quality. Enhanced CT and MRI are useful not only for
detecting and staging PanNETs, but also for tumor
[8,9]
characterization
. In our study, there were no
significant differences in the appearances of the tumor
margins between lipid-rich and non-lipid-rich PanNETs.
However, lipid-rich PanNETs were significantly larger
than non-lipid-rich PanNETs (P = 0.039), and TNM
stage was higher in patients with lipid-rich PanNETs
than that in those with non-lipid-rich PanNETs (P =
0.048).
It is important to clarify CT and MRI findings of
lipid-rich PanNETs and differentiate them from other
pancreatic lesions, as its substantial deviation from
the usual histopathological appearance often poses a
[3-7]
diagnostic problem in biopsy . We examined CT and
MRI features of lipid-rich PanNETs in comparison with
non-lipid-rich PanNETs. The degree and homogeneity of
tumor attenuation on qualitative CT analysis were not
significantly different between lipid-rich and non-lipidrich PanNETs, and there was no significant difference
in the degree or homogeneity of signal intensity on
T1- and T2-weighted images between lipid-rich and
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A

B

C

D

E

F

G

H

Figure 1 Lipid-rich pancreatic neuroendocrine tumor in a 64-year-old woman. A: Axial early phase enhanced computed tomography shows a 30 mm wellcircumscribed tumor (arrow) with thick and marked contrast enhancement only at the periphery; B: The tumor shows heterogeneous high signal intensity (arrow) on
fat-suppressed T2-weighted images (4200/71); C and D: In-phase (5.8/2.4, 10°) (C) and out-of-phase (5.8/1.2, 10°) images with 3D technique (D) show a substantial
drop in tumor signal intensity (arrow) from the in-phase (209.6) to the out-of-phase (137.5) image, resulting in a signal intensity index of 34.4%; E: The subtraction
image shows apparent high signal intensity (arrow), indicating the presence of lipid component; F: Grossly, the pancreatic NET is a well-circumscribed yellowish color
lesion; G: Microscopically, the tumor cells have abundant microvesicular cytoplasm; H: Adipose differentiation-related protein (ADRP) is expressed in the cytoplasm of
tumor cells. The staining area is a microvesicular pattern as droplets.
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A

B

C

D

Figure 2 Lipid-rich pancreatic neuroendocrine tumors in a 49-year-old woman with von-Hippel-Lindau disease. A: Axial early phase enhanced computed
tomography shows a 30 mm tumor with homogenous enhancement (arrow) and a 24 mm tumor with marked peripheral enhancement (arrow head) in the head of the
pancreas; B and C: In-phase (134/2.4, 60°) (B) and out-of-phase (134/1.2, 60°) images with 2D technique (C) show a substantial drop in tumor signal intensity from
the in-phase [813.0 (arrow) and 819.5 (arrow head)] to the out-of-phase [783.2 (arrow) and 775.3 (arrow head)] image, resulting in signal intensity indexes of 3.7%
(arrow) and 5.4% (arrow head), respectively; D: The subtraction image shows apparent high signal intensity (arrow and arrow head).
80

[11]

P = 0.004

Signal intensity index (%)

60
40
20
0
-20
-40
-60

Lipid-rich PanNETs

Non-lipid-rich PanNETs

Figure 3 Scatterplot showing the differences in signal intensity index
between lipid-rich and non-lipid-rich pancreatic neuroendocrine tumors.
Eight of 15 lipid-rich pancreatic neuroendocrine tumors (PanNETs) exhibit
positive signal intensity index values, whereas 0 of 19 non-lipid-rich PanNETs
show positive values. The signal intensity index is significantly higher in lipidrich than in non-lipid-rich PanNETs (P = 0.004).

non-lipid-rich PanNETs. Thus, our results indicate that
lipid-rich PanNETs have a similar appearance to usual
PanNETs on enhanced CT and conventional MRI.
It has been suggested that chemical shift MRI is
more sensitive and specific for detecting lipids than
other radiologic modalities, including ultrasonography,

WJG|www.wjgnet.com

CT, and conventional MRI . The signal on out-ofphase images is expected to be almost equal to or
slightly higher than that of in-phase images when the
[26,27]
ROI contained no lipids
. When a lipid component is
present, the signal on the out-of-phase images should
be smaller than that of the in-phase images, and the
signal intensity index shows positive. In our study,
there were significant differences in the signal intensity
index between lipid-rich and non-lipid-rich PanNETs (P
= 0.004). Eight PanNETs (23.5%) had positive signal
intensity index values, and all of them also contained
ADRP-positive lipid-rich cells at pathology, while 0 of 19
ADRP-negative PanNETs displayed positive values. Four
of the eight PanNETs that exhibited a positive signal
intensity index were classified as high intensity tumors
on the subtraction images during qualitative analysis,
which was consistent with lipid content. Thus, these
results suggest that chemical shift MRI is sensitive and
specific enough to demonstrate cytoplasmic lipids in
lipid-rich PanNETs. Moreover, PanNETs in which lipid
components are visualized on chemical shift MRI may
be not rare.
Several pancreatic lesions, including focal fatty
[13-15]
[14]
[14]
replacement
, lipoma , liposarcoma , tera
[14]
[16]
toma , lymphoepithelial cyst , and pancreatic
[17]
metastases from clear cell renal cell carcinoma
and
[18]
hepatocellular carcinoma have been reported to have
lipid components that are visualized on ultrasonography,
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CT, or MRI. To the best of our knowledge, this is the
first report of PanNETs in which lipid components
are visualized on chemical shift MRI. Among tumors
in which lipid components can be visualized on
ultrasonography, CT, or MRI, metastases from clear cell
[28]
[29,30]
renal cell carcinoma
or hepatocellular carcinoma
are usually hyperattenuated during the early or portal
venous phases of contrast-enhanced CT and MRI.
Therefore, it might be difficult to differentiate between
lipid-rich PanNETs and metastatic renal cell carcinoma
or hepatocellular carcinoma, because all of these
tumors have similar contrast enhancement patterns
and signal intensities on MRI. In cases of suspected
metastatic renal cell or hepatocellular carcinoma, the
value of clinical history is emphasized, and in cases
of functioning PanNETs, elevated hormone levels and
symptoms related to high hormone levels should also
assist with the differential diagnosis.
Some limitations in our study must be considered.
First, this study included a relatively small number
of patients. A larger study would be required to
definitively establish the characteristic features of lipidrich PanNETs. Second, the series included only one
WHO grade 3 PanNET, and thus may not represent the
entire spectrum of lipid-rich PanNETs. WHO grade 3
PanNETs are not usually targeted for surgical resection,
and biopsy specimens cannot be used for evaluating
the correct presence of cytoplasmic lipids in the tumor.
In conclusion, ADRP-positive lipid-rich cells were
observed in 15 of 34 PanNETs (44.1%), and clear cells
were observed in 8 (23.5%). Lipid-rich PanNETs had a
similar appearance to usual PanNETs on enhanced CT
and conventional MRI. On chemical shift MRI, however,
positive signal intensity index values in concordance
with lipid contents were observed in eight (23.5%) of
34 PanNETs and in four PanNETs (11.8%) the presence
of cytoplasmic lipids in the tumors was visually
suspected. The lipid-rich variant of PanNET should
be included in the differential diagnosis whenever
chemical shift MRI demonstrates lipid components
within hypervascular pancreatic tumors.

Innovations and breakthroughs

Lipid-rich PanNETs have a similar appearance to usual PanNETs on enhanced
CT and conventional MRI. On chemical shift MRI, positive signal intensity
index values in concordance with lipid contents were observed in eight of 34
PanNETs (23.5%).

Applications

Lipid-rich PanNETs should be included in differential diagnosis whenever
chemical shift MRI demonstrates lipid components within hypervascular
pancreatic tumors.

Terminology

Chemical shift MRI has been clinically applied in the field of body imaging to
detect small amounts of lipids based on the inherent difference in the resonant
frequencies of water and fat protons.

Peer-review

The authors clarify the CT and MRI characteristics of lipid-rich PanNETs, which
is of clinical importance.
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Abstract
AIM: To investigate the accuracy and inter-observer
variation of bowel sound assessment in patients with
clinically suspected bowel obstruction.
METHODS: Bowel sounds were recorded in patients
®
with suspected bowel obstruction using a Littmann
Electronic Stethoscope. The recordings were pro
cessed to yield 25-s sound sequences in random order
on PCs. Observers, recruited from doctors within
the department, classified the sound sequences as
either normal or pathological. The reference tests for
bowel obstruction were intraoperative and endoscopic
findings and clinical follow up. Sensitivity and specificity
were calculated for each observer and compared
between junior and senior doctors. Interobserver
variation was measured using the Kappa statistic.
RESULTS: Bowel sound sequences from 98 patients
were assessed by 53 (33 junior and 20 senior) doctors.
Laparotomy was performed in 47 patients, 35 of whom
had bowel obstruction. Two patients underwent
colorectal stenting due to large bowel obstruction.
The median sensitivity and specificity was 0.42 (range:
0.19-0.64) and 0.78 (range: 0.35-0.98), respectively.
There was no significant difference in accuracy
between junior and senior doctors. The median fre
quency with which doctors classified bowel sounds as
abnormal did not differ significantly between patients
with and without bowel obstruction (26% vs 23%, P =
0.08). The 53 doctors made up 1378 unique pairs and
the median Kappa value was 0.29 (range: -0.15-0.66).
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CONCLUSION: Accuracy and inter-observer agree
ment was generally low. Clinical decisions in patients
with possible bowel obstruction should not be based
on auscultatory assessment of bowel sounds.
Key words: Bowel obstruction; Auscultation; Bowel
sounds; Diagnostic test; Accuracy; Observer variation;
Multi-observer; Prospective
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Abdominal auscultation is often used in
clinical practice when bowel obstruction is suspected;
the usefulness is poorly documented. Early diagnosis
and treatment of bowel obstruction is imperative to
reduce the risk of intestinal strangulation, necrosis and
perforation. Clinicians must know which components
to focus on in the physical examination. The present
study shows a generally low accuracy and interobserver agreement when recorded bowel sounds from
98 patients were assessed by 53 doctors. No difference
in accuracy was observed between junior and senior
doctors. Clinical decisions in patients with possible
bowel obstruction should not depend on auscultatory
assessment of bowel sounds.
Breum BM, Rud B, Kirkegaard T, Nordentoft T. Accuracy
of abdominal auscultation for bowel obstruction. World J
Gastroenterol 2015; 21(34): 10018-10024 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i34/10018.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i34.10018

MATERIALS AND METHODS
Patients aged 16 years or older admitted with
suspected intestinal obstruction or constipation to the
Department of Surgery, Hvidovre University Hospital,
Denmark were included. No exclusion criteria were
considered relevant. Within 24 h of admission, bowel
sounds were recorded by one of the authors using a
®
3M Littmann Electronic Model 3000 Stethoscope. The
stethoscope can record six sound sequences, each of
eight seconds duration. The recording is continuous
and the final eight seconds of each sequence are saved
once the recording is stopped.
The protocol for recording bowel sounds was as
follows: the abdomen was auscultated in quadrants
until bowel sounds were heard in any quadrant. Six
sound sequences of eight seconds were then recorded
in this quadrant.

Sound preparation

INTRODUCTION
Bowel obstruction is a common emergency condition
[1]
in abdominal surgery . The risk of complications of
bowel obstruction such as intestinal strangulation,
necrosis and perforation are reported to be as high
[2,3]
as 5%-16%
. Early diagnosis and treatment of
bowel obstruction are imperative in reducing these
risks. Because of the need for prompt and reliable
assessment of patients suspected of having bowel
obstruction, clinicians must know which components to
focus on in the history and the physical examination.
Auscultation of bowel sounds is a quick and lowcost examination, and has been used for more than
[4]
150 years to assess various abdominal conditions .
Contemporary textbooks often state that hyperactive,
tinkling, metallic or high-pitched bowel sounds are
characteristic clinical findings in patients with bowel
[5-8]
obstruction , but the evidence supporting the clinical
utility of these findings is sparse. Two prospective
studies in patients with acute abdominal pain found
[9]
[10]
that increased
or abnormal
bowel sounds
were independent markers of bowel obstruction.
However, these studies did not assess the influence
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of observer variation in bowel sound assessments.
In clinical practice, the description and assessment
[11]
of bowel sounds is often vague and inconclusive .
Hence, previous studies have demonstrated low to
moderate inter-observer agreement for bowel sound
[12-16]
assessment
.
Had abdominal auscultation not been such a cheap
investigation, it would probably not have survived
[4]
for more than 150 years -given the very limited
documentation of its clinical value.
The aim of this study was to investigate the
accuracy and inter-observer agreement for bowel
sound assessment in patients suspected of intestinal
obstruction.

For each patient, three of the six sound sequences
considered superior in respect of volume and noise
were selected by one of the authors (BB), who was
blinded to the patient data. These three sequences
were then joined into a single sound sequence lasting
25 s, with half a second pause between the three
sequences. The duration of the joined sequences was
assessed as being representative of the time taken to
perform auscultation in clinical practice. Because the
native file format of the stethoscope is not directly
playable on a regular PC, the files were converted into
playable .wav files.
Hence, for each patient a 25 s sound sequence was
created and used for assessment.

Sound assessment

Following acquisition of this data, all doctors working
in the department from November 2007 to November
2008 were invited to evaluate the bowel sounds as
described below. In order to evaluate the impact
of experience, doctors were divided into junior and
senior groups. Consultants and senior registrars were
considered seniors. A website was designed (English
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version available at http://www.bowel-sounds.com)
where the participating doctors accessed and evaluated
the bowel sounds. Each participating doctor received
a personal log-on to the website and the sound files
were arranged in a randomized order unique to the
log-on.
In order to achieve uniformity in respect of the
listening environment, doctors were instructed to use
headphones (supplied) during their evaluation.
After each bowel sound sequence, doctors were
asked to evaluate whether the sound sequence was
either pathological or normal. The sequence was
repeated until it was evaluated. It was possible to
listen to all the sound sequences in a row or to log in
at a later date and listen to the remaining sequences.
Evaluations could not be revised once complete.
Doctors were considered to be included in the study
when they logged-in to the study website for the first
time. Doctors were considered excluded if they did not
evaluate all sounds.

Inter-observer agreement was assessed using the
Kappa statistic (k ), which is calculated as observed
agreement (po) beyond chance agreement (pc) divided
by perfect agreement beyond chance agreement: Κ =
(po-pc)/(1-pc). In the common interpretation, Kappa is
a measure of inter-observer agreement adjusted for
chance agreement. Landis and Koch have proposed
[19]
the following classification of k values : less than zero
signifies poor agreement, 0-0.20 slight agreement,
0.21-0.40 fair agreement, 0.41-0.60 moderate
agreement, 0.61-0.80 substantial agreement and
0.81-1 excellent agreement. k was calculated for all
possible pairs of doctors, and for pairs of junior as
well as senior doctors. The resulting distributions of
Kappa values were described by median, quartiles
and range. Due to the influence of prevalence on the
Kappa estimate, no tests of statistical significance were
performed as part of the sensitivity analyses for interobserver agreement. All analyses were performed
using STATA 9 software.

Outcome assessment

Ethics

The final diagnosis for each patient was extracted
from medical records six months after recording of
the bowel sounds. Bowel obstruction was defined in
three ways: (1) based on laparotomy findings; (2)
endoscopic therapy with attempted or successful
colorectal stenting; and (3) bowel obstruction found
at autopsy. The discharge diagnoses were extracted
for patients who recovered without laparotomy or
stenting, and in patients who died from causes other
than bowel obstruction.

Statistical analysis

To determine accuracy, sensitivity, specificity, positive
predictive value and negative predictive value were
calculated for each doctor’s bowel sound assessments
(pathological or normal sounds vs bowel obstruction or
no bowel obstruction).
Median, quartiles and range were used to describe
the distribution of accuracy estimates across doctors.
Cochran’s test for equality of proportions in matched
samples was used to assess homogeneity between
doctor’s frequencies of finding pathological bowel
[17]
sounds assessments .
Accuracy between junior and senior doctors was
compared in order to determine the influence of
experience. For this analysis the diagnostic odds ratio
[18]
(DOR) was used as a single measure of accuracy .
The DOR is calculated as (tp × tn)/(fn × fp), where tp,
tn, fn, fp is the number of patients with true-positive,
true-negative, false-negative and false-positive bowel
sound assessments, respectively.
A paired t-test was used to compare mean values
of DOR between junior and senior doctors, and the
Mann-Whitney U-test was used to compare across
doctors the median proportion with pathological bowel
sounds between patients with and without bowel
obstruction.
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The study design was presented to the local research
ethics committee before study start. The committee
did not consider a formal assessment procedure
necessary. Verbal informed consent was obtained from
patients prior to inclusion.

RESULTS
Bowel sounds from 102 patients were recorded
between October 2005 and September 2006. Four
patients were excluded: The final diagnoses were
missing in three patients because insufficient data was
registered to identify the patients’ files, and in one case
bowel sounds were recorded after surgery. Therefore,
the analyses are limited to 98 patients. Of these
patients, the median age was 66 years (range: 19-96
years) and 53 were women. Between November 2007
and October 2008 fifty-four doctors were included in
the study, of these 34 were junior and 20 were senior
doctors. One junior doctor was subsequently excluded
due to incomplete assessment of all the bowel sound
sequences.
Forty-seven patients underwent laparotomy and
35 had intraoperative findings consistent with bowel
obstruction. 20 patients had small bowel obstruction
and 15 large bowel obstruction. In addition, two
patients underwent colorectal stenting due to large
bowel obstruction. No findings of bowel obstruction
were revealed on autopsy. Laparotomies and endo
scopies were performed within two days of the bowel
sound recordings in 46 patients (94%) and within
five days in the remaining three patients. Discharge
diagnoses in patients without bowel obstruction are
summarized in table 1.

Accuracy

The proportion of patients in which doctors evaluated
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Table 1 Main discharge diagnosis in the 61 patients without
bowel obstruction

1.0

Diagnosis

0.8

Junior doctors

0.9

Number of patients
34
5
3
3
3
2
11
61

0.7

Sensitivity

Constipation
Appendicitis
Gastroenteritis
Perforated viscous organ
Cholecystitis
Intestinal ischemia
Other
Total

Senior doctors

0.6
0.5
0.4

Proportion with pathological
bowel sounds per doctor

0.3
1.0

0.2

0.8

0.1

0.6

0.0
1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Specificity
0.4

Figure 2 Receiver operator characteristics diagram with estimates of
sensitivity and specificity for each of the 52 doctors stratified according
to clinical experience. The boxes show the range of values for sensitivity and
specificity for junior and senior doctors. The diagram contains 51 visible pairs
of sensitivity and specificity since pairs of estimates were identical for two junior
doctors and for two senior doctors.

0.2
0.0
No

Yes
Bowel obstruction

0.7
0.6

Figure 1 Box plot showing distributions of the proportion of patients
with pathological bowel sounds per doctor in 37 patients with bowel
obstruction and 61 patients with no obstruction. Each doctor contributes
one proportion to each column.

0.5
0.4
k

0.3

the bowel sounds as pathological varied widely bet
ween doctors (median 0.28, range: 0.11-0.64) and
statistically significantly (p < 0.001, Cochran’s test, 52
degrees of freedom). Across doctors, the median of the
proportion of patients with pathological bowel sounds
was slightly higher in patients with bowel obstruction
than in patients without (Figure 1), but the difference
was not statistically significant (26% vs 23%, p = 0.08,
Mann Whitney U-test). For all 53 doctors the median
sensitivity and specificity of pathological bowel sounds
with respect to bowel obstruction was 0.42 (range:
0.19-0.64) and 0.78 (range: 0.35-0.98), respectively.
Figure 2 shows the distribution of estimates of
sensitivity and specificity. The median positive and
negative predictive value was 0.48 (range: 0.35-0.82)
and 0.67 (range: 0.57-0.76), respectively. There was
no difference in accuracy between the 33 junior and
the 20 senior doctors (geometric means of DOR: 2.138
vs 2.132, respectively, p = 0.99, paired t-test).

Inter-observer agreement

The 53 doctors were paired with each other in 1378
unique pairs. For these pairs, the median observed
agreement was 0.70 (range: 0.38-0.91) and the
median value of Kappa was 0.29 (range: -0.15-0.66).
The interquartile range of Kappa values was 0.20-0.38;
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0.2
0.1
0.0
-0.1
-0.2
Junior doctors

Senior doctors

Figure 3 Boxplot summarizing the distributions of k values in 528 pairs
of junior doctors and in 190 pairs of senior doctors.

hence, Kappa estimates were fair or worse in 75%
of the pairs. The median Kappa value was marginally
higher in 190 pairs of senior doctors compared to 528
pairs of junior doctors (0.34 vs 0.27) (Figure 3). The
median proportion of patients with pathological bowel
sounds was also slightly higher among senior than
among junior doctors (0.30 vs 0.24).

DISCUSSION
In this prospective multi-observer study we found
low accuracy of bowel sound assessment for bowel
obstruction, with estimates of sensitivity and specificity
varying considerably between observers. Interobserver agreement was also low. The variability in
estimates of sensitivity and specificity is not surprising,

10021

September 14, 2015|Volume 21|Issue 34|

Breum BM et al . Accuracy of abdominal auscultation for bowel obstruction
since there is no validated classification of bowel
sounds. The variation in the proportion of patients with
pathological sounds across doctors indicates that the
threshold of abnormality varied between observers.
Some of this variation could be due to observers
focusing on different qualitative aspects of the sounds
(high pitched, metallic tinkling, roaring, loud etc.).
A liberal threshold (i.e., a higher proportion with
pathological sounds) will lead to higher sensitivity and
lower specificity, whereas a more stringent threshold
will lead to lower sensitivity and higher specificity.
Variation in threshold for abnormality is probably
also an important factor in explaining the poor interobserver agreement. Observer agreement was slightly
higher between senior than between junior doctors
(Kappa: 0.34 vs 0.27). However, comparison of Kappa
values is challenging, because Kappa varies with
[20]
the prevalence of abnormality . Hence, a part of
the difference is accounted for by the higher median
frequency of pathological assessments among senior
doctors. Previous studies of inter-observer variation
in bowel sound assessment have reported moderate
[12,14,15]
or low Kappa values
, but none of these values
are directly comparable to ours. For comparison,
studies on inter-observer agreement for heart and
lung auscultation have found mean Kappa values of
-0.02-0.55 for findings such as systolic murmurs,
[21,22]
bronchial breath sounds and prolonged expiration
.
Three previous studies have reported accuracy
estimates for the clinical assessment of bowel sounds
in patients with possible bowel obstruction. In a study
[14]
similar to the present study, Gu et al
presented 20
physicians with 60-s sequences of digitally recorded
bowel sounds from 20 healthy volunteers, nine patients
with ileus and seven patients with bowel obstruction.
The average proportion of correctly identified sound
sequences from patients with bowel obstruction
was 0.42, which is similar to the median sensitivity
(0.42) in our study. No estimate of average specificity
[14]
was reported by Gu et al . In another study, 100
physicians were presented with 60-s sequences
of bowel sounds from four healthy volunteers and
[13]
eight emergency patients from the surgical ward .
Digitally recorded bowel sounds were played on a
hearing aid loudspeaker in a wooden dummy with a
linoleum covering. Physicians auscultated the covering
and evaluated bowel sounds as either normal or
pathological. In six patients with bowel obstruction and
the four volunteers, average sensitivity and specificity
were 64% and 72%, respectively. Compared with
our results, sensitivity was substantially higher and
specificity slightly lower. However, accuracy is generally
higher in studies with separate sampling of cases and
healthy controls than in cohort studies, such as ours,
that include grey-zone patients with clinical findings
[23]
that mimic the condition of interest . In the third
study, information from history and clinical examination
was recorded prospectively in 1254 patients presenting
[9]
with acute abdominal pain . The prevalence of bowel
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obstruction was 4%, and sensitivity and specificity
of increased bowel sounds were 40% and 89%,
respectively. Again, sensitivity is close to the median
sensitivity in the present study, whereas specificity is
higher than our median specificity (0.78). However,
improved performance is unsurprising since the
observers were aware of other markers of bowel
obstruction such as distended abdomen, history of
vomiting, and previous surgery. This knowledge is
likely to be incorporated in the assessment of the
[24]
bowel sounds and improve accuracy .
A recent study into evaluation of bowel sounds
found inter-observer agreement among physicians
which was slight to fair; however, this study involved
only four healthy volunteers and eight emergency
[16]
patients from a surgical gastroenterological ward .
The main strengths of the present study lie in
the high number of both patients and observers, the
prospective cohort design and the use of digital bowel
sound recorded from a relevant study population in
a typical clinical setting. These recordings ensured
that all observers assessed exactly the same bowel
sounds and eliminated assessment bias from other
clinical findings. It could be argued that our model is
poorly representative of the clinical situation because
the length of the sound sequences was too short,
because auscultation was limited to a single abdominal
quadrant and because the bowel sounds were selected
and processed to reduce noise artefacts before
presentation to the observers. Pathological bowel
sounds could be missed during the relatively short
sound sequences, particularly in patients with bowel
obstruction of longer duration, where bowel sounds
[8]
may occur less frequently . Hence, the short duration
of the sound sequences may explain the generally
low sensitivity. On the other hand, in the study by
[14]
Gu et al
referred to above, average sensitivity was
comparable to ours, although the length of the sound
sequences was more than twice as long (25 s vs 60 s).
Thus, the low sensitivity in our study is not necessarily
attributable to the length of the sound sequences.
Auscultation was limited to a single quadrant, which
appears to be equivalent to auscultating all four
[25]
abdominal quadrants . Lastly, by selecting and
processing the bowel sound recordings to improve the
signal to noise ratio we may have introduced a bias
that exaggerates accuracy and observer agreement.
However, processing was minimal, so the potential
overestimation, if such exists, is small.
The results of the present study question the
usefulness of abdominal auscultation in patients with
suspected bowel obstruction. Likewise, a recent study
of spectral analysis of bowel sounds recorded with an
electronic stethoscope in patients with possible bowel
obstruction concluded that auscultation of bowel sounds
is non-specific and of limited significance in diagnosing
[26]
bowel obstruction . We are aware of no systematic
account of surgeons use of bowel sound assessment
in patients with suspected bowel obstruction. In
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our experience, some surgeons incorporate bowel
sound assessment in their clinical evaluation of such
patients, others do not. Furthermore, textbooks
state that abnormal bowel sounds are characteristic
findings in patients with bowel obstruction and medical
students are trained in abdominal auscultation. Our
results indicate that assessment of bowel sounds is
subjective and inaccurate. Thus, the tradition for bowel
sound assessment in patients with suspected bowel
obstruction is not supported by our results.
Only obstructive bowel disease was assessed
and not, e.g., paralytic ileus or other conditions. No
repeated assessments on the same patients were
performed, to reveal pathology if there was a change
in bowel sounds over time.
The present study does not examine the possibility
of improvements by training. There is a possibility
that the diagnostic value increases with the addition of
patient history and other findings.
In conclusion, the accuracy and inter-observer
agreement of bowel sound assessment in patients
with possible bowel obstruction was low in both senior
and junior doctors in a surgical department. Clinical
decisions in patients with possible bowel obstruction
should not be based on auscultatory assessment of
bowel sounds.
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Abstract
AIM: To evaluate the correlations between cytotoxic T
lymphocyte-associated antigen-4 (CTLA-4 ) and multidrug resistance 1 (MDR1 ) genes polymorphisms with
ulcerative colitis (UC) risk.
METHODS: PubMed, EMBASE, Web of Science,
Cochrane Library, CBM databases, Springerlink, Wiley,
EBSCO, Ovid, Wanfang database, VIP database,
China National Knowledge Infrastructure, and Weipu
Journal databases were exhaustively searched using
combinations of keywords relating to CTLA-4, MDR1
and UC. The published studies were filtered using our
stringent inclusion and exclusion criteria, the quality
assessment for each eligible study was conducted
using Critical Appraisal Skill Program and the resultant
high-quality data from final selected studies were
analyzed using Comprehensive Meta-analysis 2.0
(CMA 2.0) software. The correlations between SNPs
of CTLA-4 gene, MDR1 gene and the risk of UC were
evaluated by OR at 95%CI. Z test was carried out
to evaluate the significance of overall effect values.
2
Cochran’s Q -statistic and I tests were applied to
quantify heterogeneity among studies. Funnel plots,
classic fail-safe N and Egger’s linear regression test
were inspected for indication of publication bias.
RESULTS: A total of 107 studies were initially retrieved
and 12 studies were eventually selected for metaanalysis. These 12 case-control studies involved 1860
UC patients and 2663 healthy controls. Our major result
revealed that single nucleotide polymorphisms (SNPs) of
CTLA-4 gene rs3087243 G > A and rs231775 G > A may
increase the risk of UC (rs3087243 G > A: allele model:
OR = 1.365, 95%CI: 1.023-1.822, P = 0.035; dominant
model: OR = 1.569, 95%CI: 1.269-1.940, P < 0.001;
rs231775 G > A: allele model: OR = 1.583, 95%CI: =
1.306-1.918, P < 0.001; dominant model: OR = 1.805,
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95%CI: 1.393-2.340, P < 0.001). In addition, based on
our result, SNPs of MDR1 gene rs1045642 C > T might
also confer a significant increases for the risk of UC (allele
model: OR = 1.389, 95%CI: 1.214-1.590, P < 0.001;
dominant model: OR = 1.518, 95%CI: 1.222-1.886, P <
0.001).
CONCLUSION: CTLA-4 gene rs3087243 G > A and
rs231775 G > A, and MDR1 gene rs1045642 C > T
might confer an increase for UC risk.
Key words: Ulcerative colitis; Cytotoxic T lymphocyteassociated antigen-4; Multi-drug resistance 1; rs3087243
G > A; rs231775 G > A; rs1045642 C > T; Polymorphism;
Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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> A and rs231775 G > A, and MDR1 gene rs1045642
C > T might confer an increases for UC risk.
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INTRODUCTION
Ulcerative colitis (UC) is known as an idiopathic,
chronic inflammatory disease of the large intestine,
frequently involving the rectum, and characterized by
continuous inflammation and ulceration of intestinal
[1]
mucosa and submucosa . In the United States, UC
affects approximately 500000 individuals with an
incidence of 8-12 per 100000 populations per year
and the incidence has remained relatively constant
[2]
over the last five decades . Crohn’s disease (CD) and
UC are two forms of inflammatory bowel diseases
(IBD), and while CD can impact any segment of
the gastrointestinal tract, UC pathology is restricted
[3]
to the colon . The precise etiology of UC remains
unknown, but factors such as the host immune
system, other genetic factors, and environmental
[4,5]
factors, contribute to the occurrence of UC . Typical
symptoms of UC include abdominal cramping, rectal
bleeding and persistent bloody diarrhea, and other
symptoms such as severe fecal urgency resulting
from reduced rectal compliance, irritability, general
malaise, incontinence, and weight loss are also
[6]
common . UC is treated in clinics with azathioprine,
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mesalamine, glucocorticoids, and anti-tumor necrosis
[7]
factor agents (infliximab and adalimumab) . Recently,
single nucleotide polymorphisms (SNPs) of Cytotoxic T
lymphocyte-associated antigen-4 (CTLA-4) and multidrug resistance 1 (MDR1) genes were found to be
[8,9]
associated with the pathogenesis of UC .
CTLA-4 plays a crucial role in the immune system
inducing immune tolerance and is an essential negative
[10]
regulator of T cell-mediated immune response .
CTLA-4 usually functions as a co-inhibitory molecule
interacting with B7.1 (CD80) and B7.2 (CD86)
[11]
expressed on antigen-presenting cells . CTLA-4 gene
encodes a 40-kDa transmembrane CTLA-4 glycoprotein
and the gene is located on chromosome 2q33 in
[12]
humans . CTLA-4 dampens the signal transduction in
T cells in the presence of antigen presenting cells, and
downregulation of CTLA-4 expression is implicated in T
cell associated autoimmunity and lymphoproliferative
[13]
diseases . MDR1, also called ATP-binding cassette
subfamily B member 1 (ABCB1), is extremely
important in multidrug resistance of cancer cells and
[14]
therapy effectiveness in several other disorders .
The MDR1 gene is located on chromosome 7q21.1
[15]
and encodes a glycoprotein of 170 kDa . MDR1 was
originally identified as a gene amplified in multiple
drug-resistant cells, and its product, P-gp, plays an
[16]
important role in drug resistance . Previous studies
have proposed that some SNPs of CTLA-4 gene, such
as rs3087243 G > A and rs231775 G > A, and SNPs
of MDR1 gene rs1045642 C > T may increase the risk
[17,18]
of UC
. However, these associations have not been
confirmed, and contradictory data exists in different
[19,20]
populations
. In order to address this relationship
further, we undertook a meta-analysis based approach
to evaluate the associations of SNPs of CTLA-4 and
MDR1 genes with the risk of UC, by pooling all relevant
published data.

MATERIALS AND METHODS
Search strategy

An extensive literature search for relevant studies
was conducted on PubMed, EMBASE, Web of Science,
Cochrane Library, CBM databases, Springerlink, Wiley,
EBSCO, Ovid, Wanfang database, VIP database,
China National Knowledge Infrastructure (CNKI),
and Weipu Journal databases from their inception
st
through to October 1 , 2014. We used the following
keywords and MeSH terms: “costimulatory and
inhibitory t-cell receptors” or “CTLA-4 antigen” or
“cytotoxic t-lymphocyte-associated antigen 4” or
“CD152 antigen” or “cytotoxic t lymphocyte antigen
4” OR “CTLA-4” and (“colitis, ulcerative” or “idiopathic
proctocolitis” or “ulcerative colitis” or “Colitis gravis” or
“inflammatory bowel disease, ulcerative colitis type”);
“genes, MDR” or “ABCB1” or “MDR1” or “multidrug
resistance 1” or “ABCB1 protein, human” or “MDR”
and (“colitis, ulcerative” or “idiopathic proctocolitis” or
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“ulcerative colitis” or “colitis gravis” or “Inflammatory
bowel disease, ulcerative colitis type”). All study types
with no language restrictions were included in our
search. Manual searches were carried on to retrieve
other cross-references.

Inclusion and exclusion criteria

Identified articles were reviewed in their entirety and
selected if they met the following inclusion criteria: (1)
study type: case-control studies; (2) research topic:
correlations between SNPs of CTLA-4 gene, MDR1
gene and the risk of UC; (3) subject investigated:
UC patients in the case group and normal controls in
the control group; (4) end indicators: all the include
studies provided complete data such as: age, country,
ethnicity, language, detection method, SNP site
information; and (5) studies were published in Chinese
or in English. The exclusion criteria were: (1) unclear
diagnostic basis for subjects investigated; (2) animal
research; (3) studies with insufficient data; and (4)
duplicate publications.

Data extraction and quality assessment

Literature screening was performed by two inde
pendent reviewers, based on a predetermined data
collection table. Relevant information including first
author, published year, country, ethnicity, sample,
disease, source of controls, gender, genotype method,
gene, SNP were extracted from the eligible literature.
Any disagreements in study selection between the
two reviewers were resolved through discussion by
all authors until consensus was obtained. The quality
assessment for each eligible study was conducted
using Critical Appraisal Skill Program (CASP) (http://
www.casp-uk.net/#!casp-tools-checklists/c18f8).

Statistical analysis

The statistical methods of this study were reviewed
by Zhou LP from Clinical Laboratory and Department
of Clinical Epidemiology, the First Affiliated Hospital
of China Medical University, See Supplement
S1.Comprehensive Meta-analysis 2.0 software
(Biostatic Inc., Englewood, New Jersey, United States)
was used for data analysis in present meta-analysis.
The correlations between SNPs of CTLA-4 gene,
MDR1 gene and the risk of UC were evaluated by
OR at 95%CI. Z test was carried out to evaluate the
[21]
significance of overall effect values . Forest plots
were drawn to reflect the comparisons of OR and
95%CI among the study groups. Cochran’s Q-statistic
2
(P < 0.05 was considered significant) and I tests were
[22,23]
applied to quantify heterogeneity among studies
.
In order to calculate the pool ORs, fixed/random effects
model were used. When significant heterogeneity
2
was observed (P < 0.05 or I > 50%), a ﬁxed effect
model was used, otherwise, the random effect model
[24]
was employed . Univariate and multivariate metaregression analysis was utilized to identify potential
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sources of heterogeneity, and further confirmed
[25,26]
by Monte Carlo method
. One-way sensitivity
analysis was performed to assess whether the results
had significant influences on the overall outcomes
by deleting single studies one by one. Funnel plots,
classic fail-safe N and Egger’s linear regression test
were inspected for indication of publication bias, and
[27,28]
confirmed the reliability of original analysis results
.
A bilateral test was conducted with P value of less than
0.05 considered to be significant.

RESULTS
Baseline characteristics of included studies

The initial database and manual search retrieved a total
of 107 relevant articles. After excluding duplicates (n
= 8), non-human studies (n = 6), letters, reviews (n
= 8) and studies unrelated to topic (n = 15), 70 fulltext articles remained. Twelve studies finally met the
inclusion criteria after we eliminated studies that were
not case-control (n = 14), irrelevant to CTLA-4 (n =
22), not irrelevant MDR1 (n = 12), irrelevant to UC (n
= 6) and insufficient information (n = 4). The twelve
[17,19,20,29-37]
selected studies
, published between 2003 and
2013, contained a total of 1860 UC patients and 2663
healthy controls. Sample size varied between 195-900
patients. Of the 12 studies, 5 studies were conducted in
Asians (2 from Iran, 1 from China and 2 from Japan),
1 study was performed in Africa (Tunisia), and the
remaining 6 studies were in Caucasians with one study
each in Croatia, Slovenia, Hungary, United Kingdom,
Netherlands and Germany. SNP detection methods
included polymerase chain reaction with the restriction
fragment length polymorphism (PCR-RFLP) and TaqMan
assay. The genotype distributions of all included studies
conformed to Hardy Weinberg Equilibrium (HWE) (P >
0.05) except for MDR1 rs1045642 C > T in one study.
The baseline characteristics of the included studies
and CASP for eligible studies are shown in Table 1 and
Figure 1, respectively.

Association of CTLA-4 gene rs3087243 G > A and the
risk of UC

The correlations between SNP of CTLA-4 gene,
rs3087243 G > A, and UC risk were reported in 4
studies. A random-effects model was used since there
was evidence of heterogeneity under the allele model
and a fixed-effects model was used for the absence of
heterogeneity under the dominant model (P = 0.03;
P = 0.121). The results of meta-analysis showed that
rs3087243 G > A is associated with increased risk of
UC (allele model: OR = 1.365, 95%CI: 1.023-1.822,
P = 0.035; dominant model: OR = 1.569, 95%CI:
1.269-1.940, P < 0.001) (Figure 2A and B and Table
2). Subgroup analysis based on ethnicity showed no
significant association between rs3087243 G > A and
the risk of UC in Asians (allele model: OR = 1.153,
95%CI: 0.860-1.546, P = 0.340; dominant model: OR
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Table 1 Baseline characteristics of all eligible studies
First author

Year

Brinar et al[29]
Repnik et al[35]
Ben Alaya et al[17]
Farnood et al[30]
Magyari et al[19]
Lankarani et al[32]
Wang et al[37]
Osuga et al[34]
Ho et al[31]
Rueda et al[20]
Machida et al[33]
Machida et al[33]
Schwab et al[36]

2013
2010
2009
2007
2007
2006
2006
2006
2006
2005
2005
2005
2003

Ethnicity

Genotype method

Caucasian
Caucasian
Africa
Asian
Caucasian
Asian
Asian
Asian
Caucasian
Caucasian
Asian
Asian
Caucasian

PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
TaqMan
PCR-RFLP
PCR-RFLP
TaqMan

Number

Gender (M/F)

UC

Control

UC

Control

52/57
18/47
63/87
48/52
41/38
37/29
57/51
57/51
86/63

119/147
52/48
49/121
48/52
92/72
97/76
125/75
125/75
86/63

29.9 (26.0-35.70)
39.9 (25-74)
46.1 ± 1.3
31.6 ± 13.4
44.2 ± 16.2
42.7 ± 14.2
44.0 ± 16.9
44.0 ± 16.9
34 ± 11

37.2
32.4 (24-55)
57.7 ± 1.3
35.36 ± 11.94
37.8 ± 14.1
19-76
32.5 ± 11.1
32.5 ± 11.1
-

Gene

SNP

MDR1
CTLA4
CTLA4
MDR1
CTLA4
CTLA4
CTLA4
MDR1
MDR1
CTLA4
CTLA4
CTLA4
MDR4

C3435T
rs3087243 G/A
rs231775 G/A
C3435T
rs231775 G/A
rs231775 G/A
rs3087243 G/A
C3435T
C3435T
rs3087243 G/A
rs3087243 G/A
rs231775 G/A
C3435T

CASP01

CASP02

CASP03

CASP04

CASP05

CASP06

CASP07

CASP08

CASP09

CASP10

CASP11

PB: Population-based; HB: Hospital-based; PCR-RFLP: Polymerase chain reaction restriction fragment length polymorphism; UC: Ulcerative colitis; MDR1:
Multi-drug resistance 1; CTLA4: Cytotoxic T lymphocyte-associated antigen-4; SNP: Single nucleotide polymorphisms.

Ben Alaya W (2009)

+

+

+

+

?

+

-

?

+

+

+

Brinar M (2013)

+

+

+

+

-

+

+

?

+

+

+

Farnood A (2007)

+

+

+

+

-

-

+

?

+

+

+

Ho GT (2006)

+

+

+

+

?

-

+

?

+

+

+

Lankarani KB (2006)

+

+

+

+

?

+

-

?

+

+

+

Machida H (2005)

+

+

+

+

?

-

+

?

+

+

+

Magyari L (2007)

+

+

+

+

-

+

+

?

+

+

+

Osuga T (2006)

+

+

+

+

?

+

+

-

+

+

+

Repnik K (2010)

+

+

+

+

+

?

-

?

+

+

+

Reuda B (2005)

+

+

+

+

-

?

+

?

+

+

+

Schwab M (2003)

+

+

+

+

-

+

?

+

+

+

+

Wang Q (2006)

+

+

+

+

?

-

+

+

+

+

+

Figure 1 Methodological quality of included studies was evaluated by Critical Appraisal Skill Program criteria. CASP: Critical Appraisal Skill Program.

= 1.377, 95%CI: 0.963-1.970, P = 0.079). However,
in Caucasians, rs3087243 G > A is associated with
an increased risk of UC (allele model: OR = 1.563,
95%CI: 1.056-2.313, P = 0.026; dominant model: OR
= 1.685, 95%CI: 1.294-2.194, P < 0.001) (Figure 3A
and B; Table 2).

Association of CTLA-4 gene rs231775 G > A and the risk
of UC

The correlation between SNP of CTLA-4 gene rs231775
G > A, and UC risk was reported in 4 studies. The
results of the heterogeneity test showed no significant

WJG|www.wjgnet.com

heterogeneity under the allele model and dominant
model, thus the fixed-effects model was applied in this
meta-analysis (all P > 0.05). Pooled data in this metaanalysis showed that rs231775 G > A is associated
with significantly increased risk of UC (allele model: OR
= 1.583, 95%CI: 1.306-1.918, P < 0.001; dominant
model: OR = 1.805, 95%CI: 1.393-2.340, P <
0.001) (Figure 2C and D; Table 2). Subgroup analysis
based on ethnicity showed no significant association
between rs231775 G > A and the risk of UC in Africans
(allele model: OR = 1.556, 95%CI: 0.972-2.489,
P = 0.066; dominant model: OR = 1.432, 95%CI:
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A

rs3087243 G > A: allele vs G allele
Statistics for each study
OR and 95%CI
OR
Lower Upper Z value P value
limit
limit
Repnik K (2010)
1.256 0.908 1.737 1.378 0.168
Wang Q (2006)
0.975 0.615 1.546 -0.108 0.914
Rueda B (2005)
1.877 1.501 2.348 5.516 0.000
Machida H (2005) 1.293 0.884 1.890 1.326 0.185
Overall
1.365 1.023 1.822 2.111 0.035
0.01
0.1
1
10
100
2
Heterogeneity test: (I = 66.49%, P = 0.03)
Z test: (Z = 2.11, P = 0.035)
Favours case
Favours control
Random effects analysis
Author

B

rs3087243 G > A: GA + AA vs GG
Statistics for each study
OR and 95%CI
OR
Lower Upper Z value P value
limit
limit
Repnik K (2010)
1.215 0.804 1.835 0.924 0.356
Wang Q (2006)
1.119 0.644 1.945 0.400 0.689
Rueda B (2005)
2.113 1.499 2.978 4.271 0.000
Machida H (2005) 1.600 1.001 2.558 1.963 0.050
Overall
1.569 1.269 1.940 4.159 0.000
0.01
0.1
1
10
100
2
Heterogeneity test: (I = 48.33%, P = 0.121)
Z test: (Z = 4.16, P < 0.001)
Favours case
Favours control
Author

C

rs231775 G > A allele vs G allele
Statistics for each study
OR and 95%CI
OR
Lower Upper Z value P value
limit
limit
Ben Alaya W (2009) 1.556 0.972 2.489 1.842 0.066
Magyari L (2007)
1.717 1.235 2.387 3.217 0.001
Lankarani KB (2006) 1.845 1.175 2.896 2.661 0.008
Machida H (2005)
1.337 0.947 1.887 1.651 0.099
Overall
1.583 1.306 1.918 4.684 0.000
0.01
0.1
1
10
100
2
Heterogeneity test: (I = 0.00%, P = 0.685)
Z test: (Z = 4.68, P < 0.001)
Favours case
Favours control
Author

D

rs231775 G > A: GA + AA vs GG
Statistics for each study
OR and 95%CI
OR
Lower Upper Z value P value
limit
limit
Ben Alaya W (2009) 1.432 0.764 2.684 1.119 0.263
Magyari L (2007)
1.888 1.207 2.954 2.785 0.005
Lankarani KB (2006) 2.346 1.320 4.168 2.907 0.004
Machida H (2005)
1.634 1.008 2.647 1.992 0.046
Overall
1.805 1.393 2.340 4.462 0.000
0.01
0.1
1
10
100
2
Heterogeneity test: (I = 0.00%, P = 0.677)
Z test: (Z = 4.46, P < 0.001)
Favours case
Favours control
Author

E

rs1045642 G > T: T allele vs C allele
Statistics for each study
OR and 95%CI
OR
Lower Upper Z value P value
limit
limit
Brinar M (2013)
1.445 0.998 2.091 1.948 0.051
Farnood A (2007)
1.518 1.201 1.918 3.494 0.000
Osuga T (2006)
1.232 0.711 2.135 0.745 0.456
Ho GT (2006)
1.261 0.984 1.615 1.835 0.067
Schwab M (2003)
1.401 1.015 1.935 2.048 0.041
Overall
1.389 1.214 1.590 4.770 0.000
0.01
0.1
1
10
100
2
Heterogeneity test: (I = 0.00%, P = 0.85)
Z test: (Z = 4.77, P < 0.001)
Favours case
Favours control
Author
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Weight (random)
Relative weight

Residual (random)
Std residual

25.99
19.48
31.36
23.17

-0.34
-1.12
1.46
-0.20

Weight (fixed)
Relative weight

Residual (fixed)
Std residual

26.48
14.79
38.27
20.47

-1.42
-1.30
2.16
0.09

Weight (fixed)
Relative weight

Residual (fixed)
Std residual

16.71
34.05
18.15
31.09

-0.08
0.60
0.74
-1.16

Weight (fixed)
Relative weight

Residual (fixed)
Std residual

17.06
33.65
20.39
28.90

-0.79
0.24
1.00
-0.48

Weight (fixed)
Relative weight

Residual (fixed)
Std residual

13.34
33.30
6.04
29.79
17.53

0.22
0.91
-0.44
-0.92
0.06
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F

rs1045642 C > T: CT + TT vs CC
Statistics for each study
OR and 95%CI
OR
Lower Upper Z value P value
limit
limit
Brinar M (2013)
1.359 0.736 2.511 0.981 0.327
Farnood A (2007)
1.833 1.310 2.566 3.535 0.000
Osuga T (2006)
1.109 0.456 2.697 0.228 0.820
Ho GT (2006)
1.184 0.765 1.833 0.757 0.449
Schwab M (2003)
1.677 0.959 2.933 1.814 0.070
Overall
1.518 1.222 1.886 3.767 0.000
0.01
0.1
1
10
100
2
Heterogeneity test: (I = 0.00%, P = 0.528)
Z test: (Z = 3.77, P < 0.001)
Favours case
Favours control
Author

Weight (fixed)
Relative weight

Residual (fixed)
Std residual

12.52
41.74
5.97
24.68
15.09

-0.38
1.44
-0.71
-1.28
0.38

Figure 2 Forest plots for the correlations between single nucleotide polymorphisms of CTLA-4 and MDR1 with ulcerative colitis risk.

Table 2 Comparisons of genotype and allele frequencies between the case and the control groups
SNP

rs3087243 G/A

Allele model
Asians
Caucasians
Africas
Overall
Dominant model
Asians
Caucasians
Africas
Overall
Homozygous model
Overall
Heterozygous model
Overall
Recessive model
Overall

rs231775 G/A

rs1045642 C/T

OR

95%CI

P value

OR

95%CI

P value

OR

95%CI

P value

1.15
1.56
1.37

0.86-1.55
1.06-2.31
1.02-1.82

0.340
0.026
0.035

1.51
1.72
1.56
1.58

1.15-1.98
1.24-2.39
0.97-2.49
1.31-1.92

0.003
0.001
0.066
< 0.001

1.47
1.34
1.39

1.19-1.82
1.13-1.59
1.21-1.59

< 0.001
0.001
< 0.001

1.38
1.69
1.57

0.96-1.97
1.29-2.19
1.27-1.94

0.079
< 0.001
< 0.001

1.90
1.89
1.43
1.81

1.31-2.75
1.21-2.95
0.76-2.68
1.39-2.34

0.001
0.005
0.263
< 0.001

1.72
1.35
1.52

1.26-2.36
1.00-1.83
1.22-1.89

0.001
0.048
< 0.001

2.41

1.67-3.48

< 0.001

2.21

1.45-3.37

< 0.001

1.92

1.44-2.56

< 0.001

0.62

0.44-0.89

0.008

0.76

0.50-1.15

0.190

0.67

0.53-0.86

0.001

1.98

1.42-2.76

< 0.001

1.73

1.16-2.57

0.007

1.62

1.29-2.05

< 0.001

OR: Odds ratio.

A

Group by
ethnicity

rs3087243 G > A: Ethnicity (A allele vs G allele)
Statistics for each study
OR and 95%CI

Author
OR

Asian
Asian
Asian
Caucasian
Caucasian
Caucasian
Overall

Wang Q (2006)
Machida H (2005)
Repnik K (2010)
Rueda B (2005)

0.975
1.293
1.153
1.256
1.877
1.563
1.365

Lower
limit
0.615
0.884
0.860
0.908
1.501
1.056
1.023

Upper Z value P value
limit
1.546 -0.108 0.914
1.890
1.326
0.185
1.546
0.954
0.340
1.737
1.378
0.168
2.348
5.516
0.000
2.313
2.232
0.026
1.822
2.111
0.035
0.01

Asian: Z test: (Z = 0.95, P = 0.34)
Caucasian: Z test: (Z = 2.23, P = 0.026)
Overall: Z test: (Z = 2.11, P = 0.035)
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B

Group by
ethnicity

rs3087243 G > A: Ethnicity (GA + AA vs GG)
Statistics for each study
OR and 95%CI

Author
OR

Asian
Asian
Asian
Caucasian
Caucasian
Caucasian
Overall

Wang Q (2006)
Machida H (2005)
Repnik K (2010)
Rueda B (2005)

1.119
1.600
1.377
1.215
2.113
1.685
1.569

Lower
limit
0.644
1.001
0.963
0.804
1.499
1.294
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Figure 3 Subgroup analysis for the correlations between single nucleotide polymorphisms of CTLA-4 and MDR1 with ulcerative colitis risk.
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Figure 4 Sensitivity analysis for the correlations between single nucleotide polymorphisms of CTLA-4 and MDR1 with ulcerative colitis risk. SNP: Single
nucleotide polymorphism.

Table 3 Meta-regression analyses of potential source of heterogeneity
Heterogeneity factors
Year
Country
Ethnicity
Method
SNP
Sample

Coefficient
-0.061
-0.054
0.001
0.203
0.045
0

t

SE
0.035
0.03
0.042
0.092
0.057
0

-1.76
-1.78
0.03
2.2
0.79
0.09

P value

95%CI

(adjusted)

LL

UL

0.359
0.352
1
0.219
0.85
1

-0.15
-0.131
-0.106
-0.034
-0.101
0

0.028
0.024
0.109
0.44
0.191
0

SE: Standard error; LL: Lower limit; UL: Upper limit. SNP: Single nucleotide polymorphism.
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Figure 5 Meta-regression analysis on the correlations between single nucleotide polymorphisms of CTLA-4 and MDR1 with ulcerative colitis risk.
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Figure 6 Funnel plot of publication biases on the correlations of single nucleotide polymorphisms of CTLA-4 and MDR1 with ulcerative colitis risk.

0.764-2.684, P = 0.263), but in both Asians and
Caucasians, rs231775 G > A was strongly associated
with significant increases in the incidence of UC (Asians:
allele model: OR = 1.505, 95%CI: 1.145-1.980,
P = 0.003; dominant allele: OR = 1.897, 95%CI:
1.311-2.746, P = 0.001; Caucasians: allele model: OR
= 1.717, 95%CI: 1.235-2.387, P = 0.001; dominant
model: OR = 1.888, 95%CI: 1.207-2.954, P = 0.005)
(Figure 3C and D; Table 2).
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Association of MDR1 gene rs1045642 C > T and the risk
of UC

The correlation between SNP of MDR1 gene, rs1045642
C > T, and UC risk was discussed in 5 studies. A
fixed-effects model was used for the absence of
heterogeneity under the allele model and the dominant
model (all P > 0.05). The results of meta-analysis
showed that rs1045642 C > T is linked to increased
risk of UC (allele model: OR = 1.389, 95%CI:
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1.214-1.590, P < 0.001; dominant model: OR = 1.518,
95%CI: 1.222-1.886, P < 0.001) (Figure 2E and F and
Table 2). Subgroup analysis based on ethnicity showed
a significant association between rs1045642 C > T and
the risk of UC in both Asians and Caucasians (Asians:
allele model: OR = 1.470, 95%CI: 1.185-1.823, P
< 0.001; dominant model: OR = 1.722, 95%CI:
1.257-2.357, P = 0.001; Caucasians: allele model: OR
= 1.339, 95%CI: 1.126-1.593, P = 0.001; dominant
model: OR = 1.353, 95%CI: 1.002-1.827, P = 0.048)
(Figure 3E and F; Table 2).

Sensitivity analysis and publication bias

The results of sensitivity analysis demonstrated that
any single study had no significant effect on pooled
ORs of correlations between SNPs of CTLA-4 gene
rs3087243 G > A, rs231775 G > A and MDR1 gene
rs1045642 C > T, and the risk of UC (Figure 4).
Univariate meta-regression analysis suggested that
publication year, country, ethnicity, sample size, SNP,
and detection methods were not the main sources for
heterogeneity or the key factors affecting the overall
effect values (P > 0.05). Multivariate meta-regression
analysis further confirmed that the published year,
country, ethnicity, sample size, SNP, and detection
methods are not the sources of heterogeneity (Figure
5 and Table 3). Funnel plots for rs3087243 G > A
under the allele model were asymmetric, suggesting
the existence of publication bias. Classic fail-safe N
and Egger’s linear regression tests further confirmed
there was publication bias. However, funnel plots
for rs3087243 G > A under the dominant model,
rs231775 G > A and rs1045642 C > T both under the
allele model and dominant model were symmetrical,
revealing no significant publication bias. Classic failsafe N and Egger’s linear regression tests further
confirmed there was no publication bias (Figure 6).

DISCUSSION
UC is a non-specific chronic inflammatory disorder
which, together with CD, is known as IBD, and it
is characterized by diffuse mucosal inflammation
[8]
confined to the colon . Evidence has revealed that
genetic factors and immune dysregulation may be
two main important components in the etiology
[38]
and pathogenesis of UC . Recent genome-wide
association studies (GWAS) have discovered multiple
genes and loci for UC risk factors; for example, GWAS
meta-analyses have established more than 30 loci in
CD, and several of these loci have also been found
[39]
to be correlated to UC . The GWAS that evaluated
the correlation between UC and the variants of the
CTLA-4 gene and MDR1 genes produced contradictory
or inconclusive results; we found that associations
[40]
have been found in some, but not all populations .
Therefore, in order to investigate the correlations
between SNPs of the CTLA-4 gene, MDR1 gene and
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the risk of UC, a meta-analysis was conducted.
Our meta-analysis demonstrated that CTLA-4 gene
polymorphisms, rs3087243 G > A and rs231775 G
> A, are closely associated with the increased risk of
UC. CTLA-4 is primarily expressed in activated T cells,
and it also plays an inhibitory role in the regulation
of self-tolerance and T-cell functions, suggesting that
CTLA-4, by virtue of its influence on T-cell regulation,
[17]
may potentially influence UC disease susceptibility .
CTLA-4 is described as a vital downregulator of T-cell
activation resulting in peripheral tolerance, and is
also a negative regulator of T/B, T-cell activation and
T/monocyte-macrophage cognate interaction. Thus,
CTLA-4 has been recognized as a good candidate
[41]
gene for the susceptibility to UC . In this context,
downregulation of CTLA-4 may contribute to an
exaggerated T cell response, along with a persistent
inflammation response in the gastrointestinal mucosa,
[42]
possibly initiating the development of UC . Data
from a previous study showed that the CTLA-4 gene
is involved in the pathogenesis of IBD and UC among
Slovenian patients and that CT60 (rs3087243 G >
A) polymorphism is an important target regulating
[35]
CTLA-4 gene expression .
Our meta-analysis also revealed a significant
association between MDR1 gene polymorphism,
rs1045642 C > T, and the risk of UC. As an energydependent efflux pump, MDR1 (P-gp) plays a
crucial role in the bioavailability and cytotoxicity
of a large number of drugs, substances, and xeno
biotics including sugars, glycans, ions, proteins,
phospholipids, antibiotics, corticosteroids, anticancer
drugs, immunosuppressants, calcium-channel blocker
agents and anti- (human immunodeficiency virus) HIV
[43]
protease inhibitors . UC patients frequently exhibit
reduced P-gp expression levels, and MDR1 mRNA
expression might also be reduced in the colonic tissue
of UC patients. G2677T/A (Ala893Ser/Thr, rs2032582)
and C3435T (Ile1145Ile, rs1045642) are two common
polymorphisms (variants) in MDR1 gene, and correlate
[44]
with the function and activity of P-gp . Data from
a previous study revealed a 2-fold increased OR for
the development of UC in patients with the MDR1
rs1045642 C > T genotype, supporting the notion
that P-gp expression plays an essential role in defense
against intestinal bacteria and low P-gp expression, as
a result of an rs1045642 C > T genotype, contributes
[34]
to the development of UC . Based on our results
and previous studies supporting our conclusions, we
propose that individuals with the rs1045642 C > T
have a reduced intestinal barrier function, and thus are
at a significantly higher risk for developing UC.
To further explore the effect of other influential
factors like ethnicity on the correlation between SNPs
of CTLA-4 gene, MDR1 gene and the risk of UC, a
subsequent subgroup meta-analysis was conducted.
Subgroup analysis based on ethnicity showed that in
Asians, there was no significant association between
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rs3087243 G > A and the risk of UC. However, in
Caucasians, rs3087243 G > A may increase the risk of
UC. In Africans, no significant association was found
between rs231775 G > A and the risk of UC. But
both in Asians and Caucasians, rs231775 G > A was
likely to increase the incidence of UC. Furthermore,
both in Asians and Caucasians, there was a significant
association between rs1045642 C > T and the risk of
UC. Our overall results are consistent with previous
studies, which suggested a significant association of
SNPs of the CTLA-4 gene and the MDR1 gene with the
pathogenesis of UC.
Limitations of this meta-analysis need to be
addressed. First, the sample size is relatively small.
Second, all eligible studies were written in English
and Chinese indexed by the selected databases. It is
possible that published studies in other languages or
unpublished studies could be missed, which might bias
the results. Third, the genotyping methods were not
uniform and might increase the deviation of outcomes.
Therefore, more studies with larger sample sizes are
still needed to provide a more accurate statistical
analysis.
This meta-analysis provides strong evidence that
SNPs of CTLA-4 gene rs3087243 G > A and rs231775
G > A, and MDR1 gene polymorphism rs1045642
C > T significantly increase the risk of UC, and the
polymorphisms can be used as important biological
indicators for early diagnosis of UC.
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Abstract
Here we present the case of a 64-year-old female with
a duodenal carcinoid tumor treated by ligation-assisted
endoscopic submucosal resection (ESMR-L) with cir
cumferential mucosal incision (CMI). Band ligation was
effective in resecting the duodenal carcinoid tumor
after CMI, with an uneventful post-procedural course.
Histopathological examination showed clear tumor
margins at deeper tissue levels. Thus, in the present
case, ESMR-L with CMI was useful for the treatment of
duodenal carcinoid tumor.
Key words: Carcinoid tumor; Submucosal tumor;
Duodenum; Ligation-assisted endoscopic submucosal
resection; Endoscopic mucosal resection; Endoscopic
submucosal dissection; Ligation device
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This report presents the case of a 64-yearold female with duodenal carcinoid tumor treated by
ligation-assisted endoscopic submucosal resection
(ESMR-L) with circumferential mucosal incision (CMI).
Band ligation was effective in resecting the duodenal
carcinoid tumor after CMI. The post-procedural course
was uneventful without bleeding and perforation.
Histopathological examination showed clear tumor
margins at deeper tissue levels. Thus, ESMR-L with
CMI can be effective for the management of duodenal
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INTRODUCTION
Carcinoid tumors are relatively rare, slow-growing
tumors that show low-grade atypia. Typically,
gastrointestinal carcinoid tumors are found incidentally
during screening esophagogastroduodenoscopy
[1]
(EGD) and colonoscopy , with the most common
location being the rectum, followed by the stomach,
duodenum, and appendix. Carcinoid tumors also
have excellent 5-year survival rates of 98.9%-100%
after curative resection, provided there is no vessel
infiltration, they are within the submucosa, and
[2-5]
they measure < 10 mm in diameter . Therefore,
conventional endoscopic mucosal resection (EMR) is
usually sufficient for the resection of small submucosal
carcinoid tumors diagnosed by endoscopic ultrasound
(EUS). However, those at deeper locations within the
submucosa are not always amenable to complete
resection by conventional EMR.
Some studies have recently reported that ligationassisted endoscopic submucosal resection (ESMR-L)
and endoscopic submucosal dissection (ESD) can
[6-8]
facilitate complete resection of carcinoid tumors .
Furthermore, the efficacy of ligation-assisted
endoscopic enucleation (EE-L) has been reported for
the treatment of submucosal tumors (e.g., leiomyomas
[9]
and gastrointestinal stromal tumors) . However, in
cases where the submucosa has significant fibrosis, it
may be impossible to dissect the fibrosis by ESD alone
or to suck the tumor through a ligation device. In this
setting, ESMR-L with circumferential mucosal incision
(CMI) may be effective. In this report, we therefore
describe our positive experience using this technique
to treat a duodenal carcinoid tumor identified by mass
screening EGD.

CASE REPORT
A 64-year-old female underwent a screening EGD that
revealed a 7-mm submucosal tumor in the anterior
wall of the duodenal bulb (Figure 1). EUS revealed
the lesion to be a 6 mm × 5 mm hypoechoic, uniform
tumor with a regular margin within the third layer.
Therefore, we performed ligation-assisted ESMR with
CMI after obtaining written informed consent from the
patient.
The procedure was performed as follows. Firstly,
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Figure 1 A 7-mm carcinoid tumor presents in the anterior wall of the
duodenal bulb.

to elevate the tumor, we injected sodium hyaluronate
in the underlying submucosa. After lifting the mucosa,
we used a FlushKnife BT (DK2618JB; Fujifilm, Tokyo,
Japan) to make a hemicircumferential mucosal incision
around the tumor. Although we attempted ESD, it was
not possible because of fibrosis. Therefore, in addition
to the hemicircumferential mucosal incision (Figure
2A), we suctioned the tumor with a ligation device
(pneumo-activate EVL device; Sumitomo Bakelite,
Tokyo, Japan) (Figure 2B), which changed the shape
of the tumor to a pseudopolyp that was suitable
for band ligation (Figure 2C). Next, we performed
polypectomy beneath the rubber band using a snare in
ENDOCUT mode (Figures 2D and E). Histopathological
examination revealed a G1 neuroendocrine tumor mea
suring 5.5 mm × 4.6 mm with clear tumor margins
at deep tissue levels (the tumor cells were positive for
chromogranin-A, synaptophysin, and CD56) (Figure
3). The post-procedural course was uneventful without
bleeding and perforation.

DISCUSSION
Recently, the efficacy of ESD has been reported for
carcinoid tumors that have not spread beyond the
submucosa. However, as observed in the present
case, submucosal dissection may be impossible
when complicated by severe fibrosis. Although
histopathological examination of the resected tumor
failed to show severe fibrosis, we believe this resulted
from the influence of hyperplasia of Brunner’s glands.
It is believed that submucosal injection is particularly
difficult in the duodenal bulb in comparison with
application in other parts of the duodenum because of
the presence of many Brunner’s glands.
Another important consideration is the report by
[10]
Shida et al
who performed ESD with a ligation
device (ESD-L). In our opinion, naming the procedure
as ESD-L is not appropriate because it is not performed
to dissect the submucosa. Consequently, we would
argue that ESMR-L with CMI is more appropriate.
Band ligation was effective for resecting the
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Figure 2 Ligation-assisted endoscopic submucosal resection with circumferential mucosal incision for a carcinoid tumor in the anterior wall of the
duodenal bulb. A: After circumferential mucosal incision with a FlushKnife BT; B: The duodenal carcinoid tumor was sucked into a ligation device; C: A band ligation
created a pseudopolyp; D: Snaring was performed beneath the rubber band; E: An artificial ulcer observed after removal of the tumor without bleeding and perforation.

Figure 3 Histopathological examination shows en bloc resection of
carcinoid tumor.

duodenal carcinoid tumor after CMI because it was
relatively easy to center and suction the duodenal
carcinoid tumor with band ligation. However, band
ligation can cause mucosal bleeding, making it difficult
to ensure appropriate suction at the center of the
tumor without CMI. Therefore, it is possible that
band ligation after CMI facilitates easy suction of the
submucosal tumor.
In ESMR-L with CMI, the tumor is cut by snaring
beneath the rubber band after band ligation.
Therefore, perforation is possible if the muscularis
is involved, making it necessary to identify such
involvement. This is particularly likely when band
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ligation involves the muscularis of the thin duodenal
wall. Thus, if the ligation band involves the muscularis,
the lesion should be cut over the rubber band to avoid
perforation, although this may affect histopathological
examination.
The advantage of ESD is that tumors can be
resected endoscopically, en bloc, and regardless
of their size or the presence of fibrosis. However,
considerable skill is needed to maintain an appropriate
line of dissection when there is extensive fibrosis of the
submucosa. In such a setting, there is an increased
risk of exposure of the lower tumor margin at the time
of dissection, which can influence the histopathological
evaluation. In contrast, ESMR-L with CMI ensures
that tumor involvement in the deeper tissue level is
included.
In this case, ESMR-L with CMI had minimal burning
effects on the cutting margin because the tumor was
cut by snare beneath the rubber band. However, during
ESD, the dissection line is precisely determined under
direct vision and may prove to be superior to ESMR-L
with CMI for curative resection and histopathological
examination. Therefore, further investigation is
warranted to compare these procedures.
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Abstract
Endoscopic ultrasound (EUS)-guided biliary drainage
is accepted as a less invasive, alternative treatment
f o r p a t i e n t s i n w h o m e n d o s c o p i c r e t r o g ra d e
cholangiopancreatography has failed. Most patients
with malignant hilar obstruction undergo EUSguided hepaticogastrostomy. The authors present
the case of a 77-year-old man with advanced hilar
cholangiocarcinoma who had undergone a rouxen-Y hepaticojejunostomy several months prior. He
developed progressive jaundice and a low-grade fever
that persisted for one week. The enteroscopic-assisted
endoscopic retrograde cholangiopancreatography
failed, thus the patient was scheduled for EUS-guided
biliary drainage. In order to obtain adequate drainage,
both intrahepatic systems were drained. This report
describes the technique used for bilateral drainage via
a transgastric approach. Currently, only a few different
techniques for EUS-guided right system drainage have
been reported in the literature. This case demonstrates
that bilateral EUS-guided biliary drainage is feasible
and effective in patients with hilar cholangiocarcinoma,
and thus can be used as an alternative to percutaneous
biliary drainage.
Key words: Biliary drainage; Endoscopic ultrasoundguided; Bilateral systems; Transmural drainage
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound-guided left system
drainage via hepaticogastrostomy can be performed
with > 90% technical and clinical success in patients
with obstructive jaundice. A transgastric approach for
endoscopic ultrasound-guided hepaticogastrostomy
to drain both intrahepatic systems was successfully
performed by manipulating the guidewire until it
passed across the stricture point; the two systems were
then bridged with a metal stent. The authors propose
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that this technique is feasible and effective for bilateral
biliary drainage.

A

Prachayakul V, Aswakul P. Endoscopic ultrasound-guided biliary
drainage: Bilateral systems drainage via left duct approach. World
J Gastroenterol 2015; 21(34): 10045-10048 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i34/10045.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i34.10045

INTRODUCTION
Endoscopic ultrasound (EUS)-guided biliary drainage
[1]
was first reported in 2001 by Giovannini et al . A
[2]
subsequent case series described by Burmester et al
in 2003 demonstrated the feasibility of this technique
using two platforms depending on the route of
approach: EUS-guided transpapillary and transgastric.
Since then, this therapeutic intervention has become
an alternative treatment for patients with malignant
bile duct obstruction in whom endoscopic retrograde
cholangiopancreatography (ERCP) has failed, and in
patients who prefer internal rather than percutaneous
biliary drainage. When performed by experienced
endoscopists, this technique has technical and
clinical success rates of 75%-100% and 65%-92%,
[3-9]
respectively
. As a result, EUS-guided biliary
drainage has become more popular.
EUS-guided rendezvous with a transpapillary
approach or antegrade stent insertion or EUS-guided
transgastric drainage (EUS-guided hepaticogastro
stomy) may be useful for patients with malignant
[10]
hilar obstruction in whom ERCP has failed . The
case reported here describes a 77-year-old man with
advanced hilar cholangiocarcinoma who underwent
surgical bypass and developed obstructive jaundice
thought to be due to tumor recurrence at the
anastomosis site. EUS-guided bilateral biliary drainage
was performed after enteroscopic-assisted ERCP failed.

CASE REPORT
A 77-year-old man with hilar cholangiocarcinoma
had undergone roux-en-Y hepaticojejunostomy
several months prior. He subsequently developed
progressive jaundice and a low-grade fever that
persisted for a week. Liver function analyses showed
hyperbilirubinemia with total bilirubin of 12.7 mg/dL
(reference range: 0-1.5 mg/dL), a direct bilirubin
level of 11.3 mg/dL (reference range: 0-1.2 mg/dL),
and an elevated alkaline phosphatase level (395
U/L; reference range: 40-125 U/L). A computed
tomography (CT) scan revealed a large, ill-defined,
enhanced lesion in the hilar region that had invaded
hepatic segment Ⅳ and caused bilateral intrahepatic
duct dilation (Figure 1). Enteroscopic-assisted ERCP
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Figure 1 Computed tomography examination. A: Axial; B: Coronal computed
tomography images showing an ill-defined mass in the hilar region causing
bilateral intrahepatic duct dilation.

failed, and the patient was therefore scheduled for
EUS-guided biliary drainage.
To obtain adequate drainage, the endoscopist
aimed to drain both intrahepatic systems. After
obtaining informed consent for this procedure, the
patient was placed in a supine position under total
intravenous anesthesia. A 19-gauge needle was used
to puncture through the gastric cardia into hepatic
segment Ⅱ, and a purulent discharge was aspirated. A
0.025 ViZiguide (Terumo Medical Corp., Tokyo, Japan)
was then inserted using a tapered-tip sphincterotome
(PR-V234Q; Terumo Medical Corp.), and the guidewire
was manipulated until it passed from the left through
to the right intrahepatic duct (Figure 2). The neotract dilation was performed using 7.0, 8.5 and 10.0
Fr Soehendra dilating catheters. A 10 mm × 80
mm uncovered self-expanding metal stent was then
inserted and deployed to connect the right and left
systems (Figure 2B). Finally, a 10 mm × 100 mm
covered self-expanding metal stent was deployed to
form the bilo-enteric tract (Figure 3).
There were no immediate postoperative
complications, and the patient was transferred to a
regular ward. Nil per os was maintained for five days,
and in the absence of eventful conditions, the patient
was discharged after an additional three days. At
the 6-wk follow-up, the patient was doing well with
a normal total biliary level (1.2 mg/dL), but elevated
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A

B

C

Figure 2 Guidewire insertion. A: Echoview demonstrating dilated of left system B: Cholangiogram showing the tapered-tip sphincterotome; C: The guidewire was
passed to the right system from the gastric site and an uncovered self-expanding metal stent was deployed.

A

B

Figure 3 Dilation. A: Cholangiogram showing deployment of the covered self-expanding metal stent; B: After the guidewire was removed.

alkaline phosphatase (247 U/L).

DISCUSSION
EUS-guided left system drainage via hepaticogastro
stomy is a common procedure with > 90% technical
and clinical success rates for patients with obstructive
[11]
jaundice . Typically, a transmural approach via
the stomach is utilized, either by cauterization, noncauterization/balloon dilation, or graded dilation,
followed by stent insertion. In the case presented here,
the right and left systems were completely separated
by tumor invasion. Therefore, in order to drain the
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right system, a second stent was bridged across the
stricture point at the common hepatic duct. In 2013,
[12]
Park et al
reported a drainage procedure using
direct access to the right intrahepatic duct via the
[13]
duodenal bulb. More recently, Ogura et al reported a
case series of 11 patients who underwent right system
drainage via a transgastric approach similar to the
one reported here, though with the use of different
instruments. The results of the present case provide
further evidence that EUS-guided bilateral biliary
drainage is feasible and effective for patients with hilar
cholangiocarcinoma, and can be used as an alternative
to percutaneous biliary drainage.
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Abstract
Patients with cancer are at high risk for thrombotic events,
which are known collectively as Trousseau’s syndrome.
Herein, we report a 66-year-old male patient who was
diagnosed with terminal stage gastric cancer and liver
metastasis and who had an initial clinical presentation
of upper gastrointestinal bleeding. Acute ischemia of
the left lower leg that resulted in gangrenous changes
occurred during admission. Subsequent angiography of
the left lower limb was then performed. This procedure
revealed arterial thrombosis of the left common iliac
artery with extension to the external iliac artery, the
left common iliac artery, the posterior tibial artery, and
the peroneal artery, which were occluded by thrombi.
Aspiration of the thrombi demonstrated that these
were not tumor thrombi. The interesting aspect of
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our case was that the disease it presented as arterial
thrombotic events, which may correlate with gastric
adenocarcinoma. In summary, we suggested that the
unexplained thrombotic events might be one of the
initial presentations of occult malignancy and that
thromboprophylaxis should always be considered.
Key words: Gastric cancer; Arterial thrombotic events;
Trousseau’s syndrome; Thromboprophylaxis; Vascular
thrombosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with cancer are at high risk for
thrombotic events, which are collectively known as
Trousseau’s syndrome. This case report reviews arterial
thrombotic events that occurred in a patient with gastric
cancer. An unexplained thrombotic event might be one
of the initial presentations of occult malignancy, and
thus, thromboprophylaxis should always be considered.
Chien TL, Rau KM, Chung WJ, Tai WC, Wang SH, Chiu YC,
Wu KL, Chou YP, Wu CC, Chen YH, Chuah SK; Gastric Cancer
Team. Trousseau’s syndrome in a patient with advanced stage
gastric cancer. World J Gastroenterol 2015; 21(34): 10049-10053
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i34/10049.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i34.10049

INTRODUCTION
Cancer patients are at high risk for thrombosis because
they are prone to hypercoagulopathy. Trousseau’s
syndrome is defined as the occurrence of any throm
[1]
botic event in a given cancer patient . The risk of
thrombosis depends on the tumor type, stage, extent of
the cancer, obesity, immobilization status of the patient,
history of prior thrombotic events, family history and
type of treatment used. Trousseau’s syndrome ranges
from the “occurrence of thrombophlebitis migrans
with visceral cancer” and “spontaneous recurrent or
migratory venous thromboses and/or arterial emboli
caused by nonbacterial thrombotic endocarditis”
to simple “carcinoma-induced coagulopathy” and
[2]
“hypercoagulability syndrome” . Herein we report a
rare case of Trousseau’s syndrome, which presented as
acute ischemic limb due to occlusion of the left common
iliac artery to the external iliac artery.

CASE REPORT
A 66-year-old male with a history of peptic ulcer and
gouty arthritis was brought to the emergency room
because of tarry stool passage for 4 d and a fever
of up to 38.2 ℃, which lasted for 2 d. A physical
examination revealed an acutely unhealthy-looking,
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Figure 1 Endoscopic examination showed an 2.5-cm active gastric
malignancy, Borrmann type Ⅲ.

conscious man with pale conjunctiva. His abdomen
was soft, tympanic, and mildly tender, and the bowel
sounds were hyperactive. The liver and spleen were
not palpable, and no abdominal mass was detected.
His extremities were non-edematous and had
symmetrical pulses. His laboratory data on admission
were as follows - white blood cell count: 11500/μL
(3500-11000/μL), hemoglobin: 9.2 g/dL (12-16 g/
dL), hematocrit: 27% (36%-46%), mean corpuscular
volume: 96.8 fL (80-100 fL), platelet count: 180 ×
3
3
10 /μL (150-400 × 10 /μL), total bilirubin: 0.3 mg/dL
(0.2-1.4 mg/dL), aspartate transaminase: 37 IU/L
(0-37 IU/L), alanine transaminase: 48 IU/L (0-40
IU/L), alkaline phosphatase: 165 IU/L (28-94 IU/L),
creatinine 0.94 mg/dL (0.64-1 mg/dL), sodium: 136
mmol/L (134-148 mmol/L), potassium: 3.0 mmol/L
(3.0-4.8 mmol/L), CA-199 > 50000 U/mL (< 37
U/mL), carcinoembryonic antigen 45.46 ng/mL (< 5
ng/mL), alpha fetoprotein 15.6 ng/mL (< 20 ng/mL).
th
The laboratory data on the 12 day after admission
were as follows - PT 12.5 s (8-12 s), international
normalized ratio 1.18, activated partial thromboplastin
time 28.2 s (24.6-33.8 s), D-dimer > 35 mg/L FEU (<
0.5 mg/L).
The patient then received an abdominal ultrasound,
which revealed multiple hypoechoic nodules over both
lobes of the livers; adenocarcinoma was confirmed
by subsequent echo-guided fine needle aspiration
of the liver tumor. Upper gastrointestinal endoscopy
revealed a 2.5-cm penetrating ulcer on the side of the
lesser curvature of the antrum (Figure 1). A pathologic
analysis confirmed the diagnosis of a moderately
differentiated adenocarcinoma that was negative
for HER-2/neu (Figure 2). Abdominal computed
tomography with contrast revealed multiple enlarged
lymph nodes in the perigastric, gastrohepatic and
portacaval ligaments as well as numerous nodules in
both lobes of the liver.
After admission, an empiric antibiotic regimen of
st
1 generation cephalosporin was prescribed to control
right foot cellulitis. A PORT-A-catheter was implanted
prior to chemotherapy administration. At On the
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Institutional Review Board and the Ethics Committee
of Chang Gung Memorial Hospital, Taiwan (IRB1040636B). The Ethics Committee waived the requirement
for informed consent for this study.

DISCUSSION

Figure 2 Biopsy showed clusters of adenocarcinoma cells with large
hyperchromatic and pleomorphic nuclei. Mitotic activity is easily identified
(arrows). Original magnification × 400.

same day, the patient complained of numbness in the
left foot together with cyanosis of the left toes and
coldness of the left lower limb. Peripheral pulsations
were weak for the left femoral and popliteal arteries
while pulses of the dorsalis pedis artery were not
detected at all.
A duplex color scan of the lower extremities
revealed segmentally mild atherosclerosis distal to
the left iliac artery and an abnormal arterial duplex
waveform from the left femoral segment to the
tibial segment. The condition worsened after the
development of gangrenous changes of the left toes.
Clopidogrel, cilostazol and heparin were prescribed.
A transthoracic echocardiogram revealed adequate
left ventricle and right ventricle performance, trivial
mitral regurgitation and tricuspid regurgitation. A
percutaneous transluminal angiography (PTA) was
th
performed on the 12 day after admission and
revealed a long diffuse stenosis of the left common
iliac artery that occupied 79% of the lumen (Figure
3A); angiography also revealed the localization of 7-mm
× 6-mm thrombi in the left external iliac artery and in
the left internal iliac artery (Figure 3B).
A bare metallic stent was placed from the left
common iliac artery to the external iliac artery.
Thrombus aspiration was performed in the left anterior
tibial artery, the left posterior tibial artery, and the left
peroneal artery followed by balloon angioplasty of the
peroneal artery under the impression of “Trousseau’s
syndrome” (Figure 3C).
Left foot cyanosis and pain improved dramatically
after the PTA but recurred rapidly despite the
prescription of a heparin drip. PTA was performed
rd
again on the 23 day after admission and revealed
local thrombi in the left anterior tibial artery and the
dorsalis pedis artery as well as total thrombosis of the
left peroneal artery and the posterior tibial artery. The
patient’s condition deteriorated upon commencement
of upper gastrointestinal bleeding, liver failure, and
renal failure, and despite his critical condition, he was
discharged against the advice of physicians.
This case report was approved by both the
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Armand Trousseau first described that unexpected or
migratory thrombophlebitis could be a warning sign of
[1]
an occult visceral malignancy . The term “Trousseau’s
syndrome” has been extended to include chronic disse
minated intravascular coagulopathy associated with
microangiopathy, verrucous endocarditis, and arterial
emboli in patients with cancer. These events often
occur in conjunction with mucin-positive carcinomas.
The term “Trousseau’s syndrome” has now been
ascribed to various clinical situations that range from
these classic descriptions to any type of coagulopathy
[3]
that occurs in the setting of any kind of malignancy .
These include arterial and venous thrombosis, nonbacterial thrombotic endocarditis (NBTE), thrombotic
[2]
microangiopathy and veno-occlusive disease .
The pathogenesis of hemostatic disorders in
cancer is complex and reflects the interaction of
different mechanisms, including activation of the
coagulation and fibrinolytic systems, perturbation of
the vascular endothelium, and generalized activation
of cellular mechanisms for the promotion of clotting
on the surface of circulating monocytes and platelets.
Nonspecific factors such as the generation of acute
phase reactants and necrosis (associated with the host
inflammatory response), aberrant protein metabolism
(e.g., generation of paraproteins) and hemodyna
mic compromise (stasis), can all contribute to the
activation of blood coagulation in cancer patients.
However, tumor-specific clot-promoting mechanisms
are most often implicated in the pathogenesis of the
hypercoagulability that is characteristic of patients with
[3]
cancer .
In one prospective study of 2085 Asian patients
with gastric cancer, the 2-year cumulative incidence of
venous thromboembolism after the diagnosis of gastric
[3]
cancer was 3.8% . Cancer patients have a severalfold increased risk of venous thrombosis compared
with the general population or patients without cancer.
It has been consistently estimated that 20% to 30%
of all initial venous thromboembolic events are cancer[4]
related .
Our patient was suspected to have deep vein
thrombosis in the lower left leg. Swelling, pain and
erythema of the left calf area were noted. These
symptoms are nonspecific findings, and thus required
further investigation. However, the patient’s condition
was critical, and family members requested that the
patient be discharged at that time against the advice
of physicians.
In one population-based study, patients with
hematological malignancies experienced the highest
risk of vein thrombosis embolism (OR = 28; 95%CI:
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A

B

C

Figure 3 Angiography. A: Diffuse stenosis of the left common iliac artery without blood flow (arrows); B: thrombi in the left external iliac artery (7.0 × 6.0-cm thrombi,
arrow); C: Angiography of the left common iliac artery after thrombus suction and deployment of a complete iliac stent (arrow) from the common iliac artery to the
external iliac artery.

4.0-199.7), followed by lung (OR = 22.2; 95%CI:
3.6-136.1), and gastrointestinal cancers (OR = 20.3;
95%CI: 4.9-83.0). The highest risk for VTE is observed
during the initial period following the diagnosis of
cancer. The risk of VTE was greatest in the first 3 mo
after the diagnosis of cancer (OR = 53.5; 95%CI:
[5]
8.6-334.3) . In the American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines
th
9 edition, high-risk patients for VTE are identified
by a scoring system (Padua prediction score risk
assessment model). Risk factors in this scoring system
include active cancer, previous VTE, reduced mobility,
a previously diagnosed thrombophilic condition, recent
trauma and/or surgery, advanced age, heart and/or
respiratory failure, acute myocardial infarction or
ischemic stroke, acute infection and/or rheumatologic
disorder, obesity, and ongoing hormonal treatment.
A high risk of VTE is defined by a cumulative score
greater than or equal to 4 points. Active cancer receives
a score of 3 points. In a prospective observational
study of 1180 medical inpatients, 60.3% of patients
were low-risk and 39.7% were high-risk. Among the
patients who did not receive prophylaxis, VTE occurred
in 11.0% of the high-risk patients vs 0.3% of the lowrisk patients (HR = 32.0; 95%CI: 4.1-251.0). Among
the high-risk patients, the risk of deep vein thrombosis,
nonfatal pulmonary embolism and fatal PE was 6.7%,
[6]
3.9%, and 0.4%, respectively .
According to the American Society of Clinical
Oncology Clinical Practice Guideline Update (2013),
acutely ill hospitalized patients at an increased risk of
thrombosis should receive anticoagulant prophylaxis
(Evidence: strong. Recommendation type, strength:
evidence-based, strong). LMWH is preferred over UFH
for the initial 5 to 10 d of anticoagulation for patients
with cancer and newly diagnosed VTE who do not
have severe renal impairment (defined as creatinine
clearance < 30 mL/min). For outpatients with
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cancer who have no additional risk factors for VTE,
thromboprophylaxis was not suggested (Evidence:
moderate. Recommendation type, strength: evidence[7]
based, strong) .
In summary, we suggested that unexplained
thrombotic events might be one of the initial pre
sentations of occult malignancy and that throm
boprophylaxis should always be considered. Out of the
population of patients with cancer, we need to identify
patients who are at a higher risk for thrombosis and
prescribe prophylactic anticoagulant therapy for these
high-risk patients.
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left toes and coldness of the left lower limb. Peripheral pulsations were weak for
the left femoral and popliteal arteries while pulses of the dorsalis pedis artery
were not detected at all.

Imaging diagnosis

Percutaneous transluminal angiography was performed on the 12th day after
admission; this revealed a long diffuse stenosis of the left common iliac artery
that occupied 79% of the lumen and localization of 7 × 6-mm thrombi in the left
external iliac artery and in the left internal iliac artery.

Treatment

A bare metallic stent was placed from the left common iliac artery to the
external iliac artery. Thrombus aspirations were performed in the left anterior
tibial artery, the left posterior tibial artery, and the left peroneal artery followed
by balloon angioplasty of the peroneal artery.

Experiences and lessons

Unexplained thrombotic events might be one of the initial presentations of
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occult malignancy, and thus thromboprophylaxis should always be considered.
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De novo non-alcoholic fatty liver disease (NAFLD) is a

common late complication for long-term survivors after
liver transplantation. Genomic studies confirmed that
PNPLA3 I148M and TM6SF2 E167K polymorphisms
affected NAFLD susceptibility in the general population.
However, this association was not validated in survivors
after liver transplantation (LT). We performed a crosssectional survey to investigate this relationship. A
comprehensive survey, including anthropometric mea
surements, fasting venous blood sampling, ultrasound,
and questionnaires was performed in the shortterm. The clinical indications and patient’s steatosis
status before LT were collected from inpatient medical
records. Sixty-five long-term recipients with a survival
exceeding 10 years were enrolled in the final analysis.
De novo NAFLD was more frequent in PNPLA3 GG
carriers (0.33 vs 0.10 for GG vs CC + CG carriers, P =
0.018), while the genetic impact on NAFLD susceptibility
was insignificant when categorized by the TM6SF2
polymorphism (0.19 in CC vs 0.14 in CT + TT carriers,
P = 0.883). Multi-covariate analysis revealed that
PNPLA3 exerted a significant genetic effect on de novo
NAFLD following a recessive model (GG vs CC + CG,
OR = 14.2, 95%CI: 1.78-113, P = 0.012). Compared
to recipients with only the PNPLA3 GG allele or obesity
2
(defined as body mass index > 25 kg/m ), steatosis
was highly prevalent (71.4%) in PNPLA3 GG carriers
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with obesity. In conclusion, PNPLA3 I148M, but not
TM6SF2 E167K, affects de novo NAFLD occurrence with
a prominent interaction with obesity. Weight control
might be a meaningful method to reduce the genetic
susceptibility to NAFLD exerted by PNPLA3 variants.

Table 1 Current status of long-term recipients surviving
more than 10 years
Univariate

Key words: PNPLA3; TM6SF2; non-alcoholic fatty liver
disease; Liver transplantation; Recipient

Age (yr)
Gender (M/F)

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Indication for LT
Hepatitis/cirrhosis/
cancer/others
Survival time (yr)
BMI (kg/m2)

Core tip: Previous genomic studies identified PNPLA3
I148M and TM6SF2 E167K polymorphisms as the most
prominent genetic variations associated with nonalcoholic fatty liver disease (NAFLD) susceptibility in
general populations. However, these impacts have
never been evaluated in long-term liver transplant
recipients. In a collection of survivors 10 years after
liver transplantation, we found that the PNPLA3 I148M,
but not TM6SF2 E167K polymorphism, affected de novo
NAFLD predisposition and interacted with obesity. Our
results revealed that liver transplant recipients might
benefit from weight control to limit the deleterious
effect exerted by genetic factors.

De novo non-alcoholic fatty liver disease (NAFLD) is
a common late complication for long-term survivors
[1]
after liver transplantation (LT) . De novo NAFLD
affects allograft survival indirectly by increasing
[2]
cardiovascular and infectious disease occurrence .
Previous genomic studies identified the PNPLA3 I148M
and TM6SF2 E167K polymorphisms as the most likely
single nucleotide polymorphisms to influence NAFLD
[3]
susceptibility in the general population . However,
this relationship was not confirmed in long-term
survivors after LT as a specific population. Therefore,
we performed a cross-sectional survey to investigate
the impact of genetic and environmental risk factors
for de novo NAFLD in adult long-term survivors after
receiving LT.
After obtaining written informed consent, a com
prehensive survey, including anthropometric mea
surements (for body weight and height), fasting
venous blood sampling (for liver function, lipid, glucose,
viral biomarker testing, genotyping, etc.), ultrasound
examination, and questionnaires (for alcohol intake,
smoking, exercise, and immunosuppression) were
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NAFLD
(n = 12)

Control P value
(n = 53)

56.5 ± 8.4

53.6 ± 10.1

10/2

47/6

1/8/
2/1
11.2 ± 0.9
25.1 ± 3.0

7/35/
9/2
11.5 ± 1.4
22.5 ± 2.6

OR

0.356

1.04
(0.92-1.18)
0.611
1.40
(0.14-14.2)

P value
0.528
0.427

0.889
0.541
0.003

1.47
(1.03-2.08)
TG (mmol/L)
1.6 ± 1.1
1.1 ± 0.6
0.038
1.34
(0.38-4.71)
HDL-C (mmol/L) 1.2 (1.0-1.4) 1.3 (1.0-1.7) 0.267
FBG (mmol/L)
7.6 ± 3.4
5.7 ± 1.9
0.013
1.49
(0.93-2.37)
Hypertension
3/9
21/32
0.343
(Yes/no)
SUA (µmol/L)
381.6 ± 75.6 342.6 ± 76.4 0.116
MetS (Yes/no)
4/8
9/44
0.201
ALT (U/L)
36.7 ± 7.0
38.8 ± 6.7 0.882
Alcohol intake
11.6 ± 7.3
21.0 ± 8.2 0.766
(g/wk)
Smoking (cigar/d)
4.2 ± 3.4
4.3 ± 1.2 0.969
Exercise (min/d)
18.5 ± 6.0
22.9 ± 2.9 0.513
Immunosuppression
Tacrolimus/
11/1
36/12
0.575
cyclosporine/
/0/0/0
/1/2/2
MMF/sirolimus/
none
PNPLA3
1/3/8
16/21/16 0.018
14.2
(CC/CG/GG)
(1.78-113)
TM6SF2
11/1/0
47/5/1
0.883
2.68
(CC/CT/TT)
(0.25-28.5)

Liu ZT, Chen TC, Lu XX, Cheng J, Xie HY, Zhou L, Zheng
SS. PNPLA3 I148M variant affects non-alcoholic fatty liver
disease in liver transplant recipients. World J Gastroenterol 2015;
21(34): 10054-10056 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i34/10054.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i34.10054
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Multivariate

0.032
0.652

0.095

0.012
0.413

Continuous variables with equal variance are presented as the mean ± SD;
Continuous variables with unequal variance are presented as the median
(interquartile range); Categorical variables are presented as the number
of subjects. One-way ANOVA was used for the comparison between
continuous variables with equal variance, Mann-Whitney U test was used
for the comparison between continuous variables with unequal variance,
chi-square test was used for the comparison between categorical variables
in univariate analysis, and logistic regression analysis was used in the
multivariate analysis. The effect of the PNPLA3 I148M polymorphism
was evaluated by a recessive genetic model (GG vs CG + CC); the effect
of the TM6SF2 E167K polymorphism was evaluated by a dominant
genetic model (CC + CT vs TT) for decreased prevalence of TT carrier.
ALT: Alanine aminotransferase; BMI: Body mass index; F: Female; FBG:
Fasting blood glucose; HBsAg: Hepatitis B surface antigen; HDL-C: Highdensity lipoprotein cholesterol; LT: Liver transplantation; M: Male; MetS:
Metabolic syndrome; MMF: Mycophenolatemofetil; SUA: Serum uric acid;
TG: Triglyceride.

th

performed over the short-term (December 13 th
14 , 2014). Indications for LT and patients’ steatosis
status before LT were collected from inpatient medical
records. The study was approved by the Institutional
Review Board of our hospital.
NAFLD and metabolic syndrome were defined
[4]
according to previous criteria . Participants with
recurrent liver steatosis were excluded. Accordingly, 65
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Figure 1 proportion of the de novo non-alcoholic fatty liver disease/
control categorized by the body mass index-PNPLA3 I148M polymor
phism. BMI (+) represents BMI ≤ 25 kg/m2; BMI (-) represents BMI > 25
kg/m2; PNPLA3 (+) indicates PNPLA3 I148M GG carriers; PNPLA3 (-) indicates
the PNPLA3 I148M CC + CG carriers. BMI: body mass index; NAFLD: Nonalcoholic fatty liver disease.

frequent in PNPLA3 GG carriers than in CC + CG
carriers (0.33 vs 0.10, P = 0.018), while the genetic
impact on NAFLD susceptibility was insignificant when
categorized by the TM6SF2 polymorphism (0.19 in
CC vs 0.14 in CT + TT carriers, P = 0.883). Multicovariate analysis revealed that PNPLA3 exerted a
significant genetic effect on de novo NAFLD following a
recessive model (GG vs CC + CG, OR = 14.2, 95%CI:
1.78-113, P = 0.012). Compared to recipients only
carrying the PNPLA3 GG allele or being obese (defined
2
as BMI > 25 kg/m ), the prevalence of steatosis
was disproportionally higher (71.4%) in PNPLA3 GG
carriers who were obese (Figure 1).
This is the first report on the risk factors associated
with de novo steatosis in Chinese long-term survivors
after LT. PNPLA3, but TM6SF2, affects de novo
NAFLD occurrence and has a prominent interaction
with obesity. Weight control in recipients might be a
potential method to reduce the genetic susceptibility of
NAFLD exerted by the PNPLA3 variant.
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in men and third in women worldwide. Developing a
diagnostic panel of sensitive and specific biomarkers
for the early detection of CRC is recognised as to be
crucial for early initial diagnosis, which in turn leads
to better long term survival. Most of the research on
novel potential CRC biomarkers in the last 2 decades
has been focussed on stool DNA analysis. In this paper,
we describe the recent advances in non-invasive CRC
screening and more specifically in molecular assays
for aberrantly methylated BMP3 and NDRG4 promoter
regions. In several research papers these markers
showed superior rates for sensitivity and specificity in
comparison to previously described assays. These tests
detected the majority of adenomas ≥ 1 cm in size and
the detection rates progressively increased with larger
adenomas. The methylation status of the BMP3 and
NDRG4 promoters demonstrated effective detection of
neoplasms at all sites throughout the colon and was
not affected by common clinical variables. Recently,
a multitarget stool DNA test consisting of molecular
assays for aberrantly methylated BMP3 and NDRG4
promoter regions, mutant KRAS and immunochemical
assay for human haemoglobin has been made com
mercially available and is currently reimbursed in the
United States. Although this is the most sensitive noninvasive CRC screening test, there is the need for
further research in several areas - establishment of
the best timeframe for repeated DNA stool testing;
validation of the results in populations outside of North
America; usefulness for surveillance and prognosis
of patients; cost-effectiveness of DNA stool testing in
real-life populations.
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Abstract

Core tip: Developing a diagnostic panel of sensitive and
specific biomarkers for the early detection of colorectal
cancer (CRC) is recognised as to be crucial for early
initial diagnosis, which in turn leads to better long term

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Colorectal cancer (CRC) is fourth most common cancer
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survival. In this paper, we describe the recent advances
in non-invasive CRC screening and more specifically in
molecular assays for aberrantly methylated BMP3 and
NDRG4 promoter regions. These markers show superior
rates for sensitivity and specificity in comparison to
previously described assays.
Kadiyska T, Nossikoff A. Stool DNA methylation assays in
colorectal cancer screening. World J Gastroenterol 2015;
21(35): 10057-10061 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i35/10057.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i35.10057

EDITORIAL
colorectal cancer (CRC) is fourth most common cancer
in men and third in women worldwide with highest
incidence in developed and newly developed countries
and lowest rates in less economically advanced
[1-3]
countries such as India . Morbidity and mortality
associated with colorectal cancer can be reduced
by applying lifestyle changes together with targeted
screening programs and early therapeutic intervention.
CRC screening programs have been adopted in United
[4]
[5]
[6]
States , Canada and some European countries .
While several screening options are provided in the
[7,8]
United States , the most recent European Council
directive on CRC screening recommends only faecal
occult blood test (FOBT) as initial step offered to
individuals aged 50 to 74. Various screening strategies
are used in different countries, thus giving the
opportunity to assess their cost-effectiveness and
[6,9]
explore the possibilities to improve the process .
The cost-effectiveness of colorectal cancer screening
has been analysed in two independent review papers.
Based on their findings, CRC screening is clearly costeffective compared with the “no screening” strategy.
However, it is still unclear which screening method
is the most effective. The last review concluded that
newer modalities such as CT colonography, capsule
endoscopy and DNA stool testing were not yet costeffective compared to the established options (FOBT,
[10,11]
colonoscopy, sigmoidoscopy, barium enema)
.
Developing a diagnostic panel of sensitive and
specific biomarkers for the early detection of CRC is
recognised as to be crucial for early initial diagnosis,
[12]
which in turn leads to better long term survival .
Patients with localised disease (Duckes Ⅰ and Ⅱ A)
have about 90% 5-year survival. Flexible colonoscopy
is considered to be the gold standard screening option,
but it is an invasive procedure, it has the highest
complication rates from all screening modalities, it
misses about 5% of CRC, and it is relatively expensive.
All the available CRC screening modalities appear to be
underused due to various reasons, but many patients
do not want to undergo colonoscopy in particular due
[13]
to fear of pain, discomfort or embarrassment . FOBT
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used in population-based screening was the first widely
available and cheap non-invasive option. However, it
[14]
requires multiple tests and has suboptimal efficacy .
In the last few years, the use of more sensitive and
specific methods such as faecal immunochemical
test (FIT) or high-sensitivity guaiac-based faecal
occult blood testing (hsFOBT) has been favoured by
[8,15-17]
guidelines and panel recommendations
.
The matter of potential patient acceptance and
interest in a hypothetical multiorgan stool-DNA test
(MUST) for pan-digestive cancer screening was
[18]
studied recently . The authors designed a special
29-item survey questionnaire related to demographics,
knowledge of digestive cancers, personal and family
history of cancer, personal concern of cancer, CRC
screening behaviour, interest in MUST, importance
of test features in a cancer screening tool, and
comparison of MUST with available CRC screening
tests. The questionnaire was mailed to 1200 randomlyselected patients from the Mayo Clinic registry. The
survey was completed by 434 participants. MUST was
preferred over other tests by 98% of the responders.
In general, non-invasive tests (MUST, colorectal-only
stool-DNA testing, and FOBT) were preferred over the
invasive tests (colonoscopy, flexible sigmoidoscopy,
and barium enema). Patients reported that they
preferred MUST, because there was no need for bowel
preparation and sedation, no risk of complications and
due to satisfactory test accuracy. Hence, identification
of novel biomarkers that are simple, non-invasive,
cost-efficient, and highly specific and sensitive and
their implementation into clinical practice would be of
[19]
great clinical benefit .
Ideally, the potential biomarker should be
sensitive for detection of adenomas and allow early
CRC diagnosis. Furthermore, the marker should be
chemically stable to allow transportation and not
to be affected by clinical variables such as patients’
race, ethnicity, age, chronic disorders, habits or
environmental factors. It would be of additional benefit
if the potential biomarker had some prognostic value
and allowed surveillance after surgery. Most importantly,
the test results should allow simple interpretation, thus
ensuring smooth translation into clinical practice.
Most of the research on novel potential CRC
biomarkers in the last 2 decades has been focussed
[20]
on stool (faecal) DNA analysis . There have been
three major genetic mechanisms identified to be
involved in early CRC and precancerous colorectal
lesions: (1) chromosomal instability due to mutations
in APC, KRAS and TP53; (2) microsatellite instability
due to loss of function in mismatch repair genes;
and (3) DNA methylation, which is an epigenetic
alteration leading to promotor hypermethylation and
[20]
subsequent suppression of gene transcription .
The testing strategy has gradually evolved, with
KRAS initially targeted as a single marker in the
1990s. Later, a lot of research was conducted on Wnt
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signalling pathway and microsatellite instability, but
it was not as successful as expected. Lately, most of
the research has been focussed on methylated genes
such as vimentin, TFPI2 and NDRG4, BMP3 and
[21,22]
SFRP2
.
The role of NDRG4 as tumour suppressor gene
[23]
was first addressed in 2009 by Melotte et al . They
studied NDRG4 promoter methylation in human
colorectal cancer cell lines, colorectal tissue and normal
colonic mucosa. Methylation of the promoter region
occurred in 70%-86% of CRC tissues compared with
4% in non-cancerous colonic mucosa. In stool DNA,
methylated NDRG4 showed a sensitivity of 61% and
53% for detecting CRC in training and validation sets,
respectively, with corresponding specificities of 93%
[23]
and 100% .
The first evidence for the importance of BMP3
inactivation in early polyp formation and colorectal
tumour development has been first published by Kim
Loh in 2008. The authors observed aberrant BMP3
hypermethylation in 33/60 (55%) tumours. They
noticed that this event was highly correlated with
microsatellite instability (P < 0.01), the CpG Island
Methylator Phenotype (P < 0.01), BRAF oncogene
mutation (P < 0.01), and proximal tumour location
(P < 0.001). Their observation suggested that BMP3
is an attractive target for the future development of
molecular blood and/or stool screening tests for the
[24]
early detection of lesions with neoplastic potential .
A small study investigating stool DNA testing of
BMP3 and NDRG4 hypermethylation for monitoring
after CRC resection has been published recently. The
authors demonstrated that methylated gene markers
in the stool samples from 14 patients with CRC and
elevated pre-operative levels decrease after surgery
[25]
unless disease is still present or recurring .
[26]
In 2012, Ahlquist et al
performed a blind,
multicentre, case-control study using stool samples
from 252 patients with CRC, 133 with adenomas ≥
1 cm, and 293 individuals with normal colonoscopy
results (controls). Their study included four methylated
genes (vimentin, NDRG4, BMP3, and TFPI2), mutant
KRAS, a reference gene β-actin, and haemoglobin. By
the use of this panel, they identified 85% of patients
with CRC and 54% of patients with adenomas ≥ 1
cm in size with 90% specificity. One of the important
findings of the study was that the DNA test detected
the majority of adenomas ≥ 1 cm and the detection
rates progressively increased with larger adenomas.
Other important finding was that the test showed
effective detection of neoplasms at all sites throughout
the colon. In comparison to other routine screening
methods, this test showed higher performance and
[26]
sensitivity rates for proximal colon neoplasms . In
[27]
another study, Ahlquist et al
demonstrated the
effect of common clinical variables on the same four
candidate methylation markers. The methylation levels
of all four markers increased with age, p < 0.0001.
The relative increase per standard deviation of age
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was greatest with TEPI2 at 49.4% and least with
BMP3 at 0.21%. The four markers were not affected
by smoking, alcohol consumption, NSAIDs, personal
or family history of colorectal neoplasia or body mass
index variations. It could be concluded that only the
least affected by clinical variables markers could be
recommended for further studies and proposed for the
CRC screening.
Eventually, in a large study published in 2014,
Imperiale compared a multi- target stool DNA test
with a commercial FIT among a large number of
asymptomatic subjects at average-risk for CRC (n
= 9989). The authors simulated a real life screening
scenario and applied powerful statistical tools to
evaluate the true performance of the test used. The
multitarget stool DNA test consisted of molecular
assays for aberrantly methylated BMP3and NDRG4
promoter regions, mutant KRAS, and β-actin (a
reference gene for human DNA quantity), as well as
an immunochemical assay for human haemoglobin.
The sensitivity of the DNA test for the detection
of CRC reached 92.3% and 42.4% for advanced
precancerous lesions. FIT screening test detected 74%
of cancers and 24% of advanced adenomas. The DNA
test showed higher sensitivity, while FIT was more
specific and had higher rate of successfully processed
[28,29]
samples
.
Subsequently, the test was approved by FDA in
August 2014, has been made commercially available
TM
as Cologuard and is currently reimbursed by
Medicare in the United States as part of the CRC
TM
screening under the Affordable Care Act. Cologuard
has been approved for screening of average risk,
asymptomatic individuals aged 50-85 and Medicare
[30]
pays for the test to be done every 3 years . This
is the first commercially available DNA stool test to
become a part of a national screening programme. At
present, there is insufficient data to comment whether
the 3 year period for repeated testing is adequate or
not.

CONCLUSION
Recent advances have made it possible for a combined
FIT and multitarget DNA stool test to become
commercially available and reimbursed as a part of
the CRC screening in the United States. The approval
was based on the results of a large cross-sectional
study in North America. The statistical analysis of the
clinical data was consistent with significantly increased
sensitivity (nearly 20% in absolute terms) at the
cost of somewhat decreased specificity compared to
FIT alone. Up to date this is the most sensitive noninvasive CRC screening test available. However, further
research seems to be needed in several areas: (1)
to establish the best timeframe for repeated DNA
stool testing; (2) to validate the results in populations
outside of North America; (3) to establish if any of the
DNA stool markers can be used for the surveillance of
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patients after a CRC surgery with curative intent; and
(4) to determine how cost-effective is DNA stool testing
in real-life populations. Moreover, further DNA stool test
panels are likely to become commercially available in
the next years and will need to be clinically validated.
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Core tip: The lack of comprehensive tests to assess
coagulopathy in liver disease ties the management
of this disease to the clinical evidence. This review
considers the information provided by clotting tests in
cirrhotic patients, identifies clinical evidence on which
to base the management of the disease, and considers
possible future directions of research.
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from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i35/10062.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i35.10062

INTRODUCTION

Abstract
There is a discrepancy between the information from
clotting tests which have routinely been used in
clinical practice and evidence regarding thrombotic
and bleeding events in patients with liver disease. This
discrepancy leads us to rely on other variables which
have been shown to be involved in haemostasis in
these patients and/or to extrapolate the behaviour of
these patients to other settings in order to decide the
best clinical approach. The aims of the present review
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are as follows: (1) to present the information provided
by clotting tests in cirrhotic patients; (2) to present the
factors that may influence clotting in these patients; (3)
to review the clinical evidence; and (4) to put forward
a clinical approach based on the first 3 points.

Coagulopathy in liver disease has proven to be
complex as it affects pro- and anticoagulant factors
as well as pro- and antifibrinolytic components. The
majority of coagulation tests are aimed at assessing
the patient’s procoagulant capacity in isolation and
do not reveal possible compensatory effects within
the system. Furthermore, patients with liver disease
are usually excluded from general guidelines on
clinical decisions regarding transfusion before invasive
procedures or surgery, in addition to guidelines on
thrombotic risk and therefore thromboprophylaxis.
Correct assessment of bleeding and thrombotic risk
in cirrhotic patients should take into account several
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aspects, some of them outside the coagulation system
itself as cirrhotic patients frequently bleed for noncoagulopathic reasons. From a haemostatic point of
view, it is difficult to define criteria for managing these
patients efficiently and safely and most decisions are
based on clinical rather than scientific evidence. The
present review aims to describe a comprehensive
approach to this topic and possible future directions.

TESTS FOR PRIMARY HAEMOSTASIS
Platelet count, bleeding time, platelet function analyser
(PFA-100), thromboelastography, and platelet function
assays are not clinically useful for stratifying bleeding
risk in cirrhotic patients.

Platelet count

In cirrhotic patients, 76% have a platelet count below
9
[1]
140 × 10 /L , 13% have moderate thrombocytopaenia
9
9
(50 × 10 /L-75 × 10 /L), and 1% have severe
9
[2]
thrombocytopaenia (< 50 × 10 /L) . The platelet count
detects the risk of bleeding only at extreme levels:
no more thrombin potential is obtained above 100 ×
9
9
9
10 /L platelets and 50 × 10 /L-60 × 10 /L platelets is
[3]
sufficient to trigger the coagulation system . In liver
cirrhosis, high plasma levels of the principal adhesive
protein [von Willebrand factor (vWF)] compensate for
the reduction in platelet count, but platelet count is not
useful for measuring these compensatory mechanisms.
vWF factor Ⅷ complex levels are a marker of endothelial
dysfunction and are proportional to the severity of liver
disease, but they are not a specific marker of bleeding
[4,5]
alone .

Bleeding time

Bleeding time is a global test that evaluates primary
haemostasis. It is influenced by platelet number
and function and by factors such as cell volume,
platelet volume, blood urea concentration, and
[4]
vasoreactivity , thus it can give false positives and
false negatives. In cirrhotic patients, there is a weak
[6]
correlation between bleeding time and platelet count ,
and no regular association has been found between
bleeding time and bleeding risk. The administration
of desmopressin shortens bleeding time, but does not
reduce the incidence of variceal rebleeding in cirrhotic
[7]
patients or the transfusion requirements in patients
[8]
undergoing hepatectomy . Interestingly, a recent
study showed that 1 h after administration of a dose
of desmopressin, no increase in vWF was observed in
[9]
cirrhosis patients .

Platelet function analyser

This test attempts to simulate platelet function under
flow conditions, measuring closure time of an aperture
within a membrane coated with collagen/adenosine
diphosphate or collagen/epinephrine. Its applicability
[10]
in liver disease patients is currently unknown . Only
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2 studies have used PFA-100 in cirrhotic patients and
found prolonged closure times in comparison with
[11,12]
healthy controls
.

Thromboelastography

®

The Thromboelastography Platelet Mapping™ (TEGPM) assay measures percentage platelet aggregation in
the presence of adenosine diphosphate or arachidonic
acid. This assay has been suggested as potentially
useful for evaluating platelet function in patients with
[13]
cirrhosis taking clopidogrel or aspirin , but little
experience has been obtained as yet.

Platelet function assay

There is no universally accepted platelet function
assay in cirrhosis. Most tests measuring platelet
function have the handicap that they are standardized
for a normal number of platelets, so the presence of
thrombopenia makes them difficult to interpret. They
are also expensive and require a specialized laboratory.
Aggregometry measures the in vitro capacity of
platelets to aggregate in response to a given stimulus
(collagen, thrombin, or adenosine diphosphate). It
remains the gold standard method for assessing
platelet reactivity in both clinical and research settings.
However, abnormal platelet aggregation studies
(demonstrating hypofunction or hyperfunction) often
lack correlation with clinical complications (bleeding or
[14,15]
thrombosis)
. This method is useful for detecting
platelet function defects that are congenital or
secondary to medication.
Flow cytometric quantification of membrane
molecule expression measures the degree of platelet
activation by assessing the presence of stimulationdependent antigens (e.g., p-selectin) or plateletleukocyte complexes. It assesses the risk of thro
mbosis, but has never been used to assess the risk of
[16]
bleeding .
The measurement of soluble activation markers
assesses the presence of products released by platelets
(soluble p-selectin, PF-4, beta-TGG, soluble CD40L). It
is a systematic measurement of the degree of platelet
activation, but for several reasons it may lead to
artifacts. It helps to predict the risk of thrombosis, but
[16]
does not predict the risk of bleeding .
The platelet adhesion test under flow conditions
simulates the in vivo platelet function using stan
dardized reconstituted blood and measures the
[17]
adhesion of platelets to the subendothelium . A
reduction in platelet count or defects in platelet function
are compensated by high plasma levels of vWF.
Identifying the molecular mechanisms of platelet
function is based on the detection of the concentrations
of second messengers (calcium, cyclic adenosine
monophosphate) and the release of platelet granules
containing proaggregatory molecules (serotonin,
adenosine triphosphate, PF4, and bTG). The most
recent studies suggest an increase in platelet activation,
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as shown in the increase in urinary excretion of
11-dehydro-thromboxane B2, a stable metabolite of
[18]
thromboxane A2 .

TESTS FOR SECONDARY HAEMOSTASIS
Prothrombin time and activated partial thromboplastin
time

Prothrombin time (PT) and activated partial throm
boplastin time (APTT) were never intended to assess
perioperative bleeding risk. PT and its derived
measures of prothrombin ratio (PR) and international
normalized ratio (INR) were developed to monitor oral
anticoagulant therapy, whereas APTT was developed
to investigate inheritable single factor deficiencies such
as haemophilia and to monitor heparin therapy. These
tests do not reproduce in vivo coagulation as they are
performed using platelet-poor plasma and thus cannot
account for thrombin generation that is mediated
[19]
by the presence of platelets . They measure only
procoagulant factors and are insensitive to plasma
levels of the anticoagulants and congenital deficiencies
of antithrombin, protein C, or S present with normal
PT or APTT. Elevated levels of factor Ⅷ (procoagulant)
in combination with decreased protein C (anticoagulant)
have been suggested as a marker of a procoagulant
imbalance; whether this in vitro hypercoagulability is
truly representative of what occurs in vivo remains to
be established.
These tests use as the endpoint the formation of a
fibrin clot, which occurs after only a small amount of
the whole thrombin is generated (5%), so the overall
strength and stability of the clot cannot be estimated.
The INR was developed to enable comparison of
PT values in patients receiving oral anticoagulation.
In the other acquired coagulopathies, including
liver cirrhosis, PT standardization using the INR is
[20]
inadequate
and between-laboratory variability
[21]
of INR may increase instead of decreasing . The
Quick assay is the methodology most widely used
to measure the INR, whereas the Owren assay is
used almost exclusively in northern Europe and in
Japan. The Quick assay is sensitive for FVII, FX, FV,
FII, and fibrinogen, whereas the Owren test is only
sensitive for FVII, FX, and FII because the Owren
reagent contains fibrinogen and FV; measuring the
INR using the Owren test for patients not taking
[22]
oral anticoagulants is especially inappropriate .
Many patients with liver disease have a normal
APTT, despite mild baseline deficiencies of multiple
procoagulant factors, possibly because of the
elevated levels of factor Ⅷ, which shorten APTT and
compensate for the multiple procoagulant factor
[23]
deficiencies . PT/INR and APTT do not take the
role of the endothelium in the haemostatic process
into account. Protein C and antithrombin need to be
activated to exert their full anticoagulant activity with
[24,25]
thrombomodulin and with glycosaminoglycans
,
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which are located on the vascular endothelium.

Thrombin generation

No studies have directly determined whether global
tests such as thrombin generation and thromboelasto
metry are useful in predicting procedural bleeding risk
in patients with liver disease. There are 2 approaches
to the measurement of thrombin formation in vivo at a
given moment in time. One is to quantify the activation
peptide released from prothrombin upon activation
by factor Xa (F1+2 fragment) and the thrombin
antithrombin complex. The other is to quantify the
amount of thrombin that can be generated ex vivo
by the addition of a small amount of trigger (usually
tissue factor) to a plasma sample: the endogenous
[26]
thrombin potential . The analysis of thrombin
generation is usually done with platelet-poor plasma,
although the method can be modified to test plateletrich plasma. When the thrombin generation test has
been modified by the addition of thrombomodulin,
an endothelial receptor required for activation of the
endogenous anticoagulant protein C system, patients
with stable cirrhosis can generate thrombin at a normal
[27]
to increased rate . Similarly, acute liver failure is not
[28-30]
associated with lower thrombin generation
. There
is no correlation between the standard laboratory
test and thrombin generation: the in vitro addition of
normal plasma to the plasma of patients with advanced
cirrhosis showed that, although the PT ratio shortened
in many patients, there was no change in thrombin
[31]
generation . It is unclear whether the test is useful in
predicting bleeding or thrombosis in cirrhotic patients.
Different commercial techniques used on test samples
[32,33]
have yielded major variations
and defining the
test conditions continues to be of utmost importance.
The assay is not widely available and, at present, too
complex for use in routine diagnostic laboratories.

Viscoelastic tests

The principle of thromboelastometry-thromboelastography
is based on viscoelastic changes that occur during
coagulation of whole blood, giving information on the
dynamics of clot formation [clotting time (CT), which
provides information about coagulant and anticoagulant
activity], clot strength [maximum clot firmness
(MCF), which provides information about platelets
and fibrinogen], and clot stability (which provides
information about fibrinolysis and FXIII). Endothelial
function is not directly assessed in this assay. There are
2 commercially available devices: TEG (Haemonetics
Corporation, Braintree, MA, United States) and ROTEM
[34,35]
(TEM International GmbH, Munich, Germany)
.
Although TEG and ROTEM provide broadly similar
information, differences in the disposable blood
sampling cups and in the nature of the activators used
[36,37]
mean that the results are not comparable
. Cirrhotic
patients have a decreased whole blood clot formation
capacity with an apparently unaltered resistance to
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Table 1 Weaknesses of diagnostic tests of coagulation in liver
disease
Primary haemostasis
Platelet count

Detects risks of bleeding only at
extreme levels
Bleeding time
Generally, does not predict bleeding
risk
Platelet function analyser
Thrombopenia makes the
interpretation difficult
Thromboelastometry
Little experience in cirrhotic patients
Platelet function assay
Thrombopenia makes the
Aggregometry
interpretation difficult
Membrane molecule expression Specialized laboratory; mostly, in
Soluble activation markers
research setting
Platelet adhesion under flow
conditions
Molecular mechanisms
Secondary haemostasis
PT and APTT
Insensitive to plasma levels of the
anticoagulants
Thrombin generation
Too complex for use in routine
diagnostic laboratories
Thromboelastometry
No standardization of parameters in
cirrhotic patients
Low predictive positive value
Fibrinolysis
Fibrinolysis markers
No clear evidence between
hyperfibrinolysis and bleeding in
cirrhotic patients
Euglobulin clot lysis time
Not widely available
PT: Prothrombin time; APTT: Activated partial thromboplastin time.

[38]

clot lysis . A good correlation has been found in
these patients between platelet count and MCF (r =
0.691) and a reasonably good correlation between
[39]
Clauss fibrinogen and MCF (r = 0.590) . A small,
randomized prospective study in liver transplantation
patients showed a significant reduction in transfusion
in the TEG monitored group, most notably in the
[40]
use of fresh frozen plasma (FFP) . Use of higher
thromboelastogram transfusion values is not associated
[41]
with greater blood loss in liver transplant surgery .
If the platelet contribution is inhibited by cytochalasin
D or abciximab, the test has a good correlation with
plasma fibrinogen levels. Although hypercoagulability
can be detected by viscoelastic tests, there is no
consensus on which parameters should be used to
define it. Large-scale prospective outcome studies are
necessary to evaluate the impact of viscoelastic tests
in managing thromboprophylaxis. Table 1 outlines the
available tests.

FIBRINOLYSIS TESTS
Evidence increasingly shows that cirrhotic patients
are characterized predominantly by clotting activation
with secondary hyperfibrinolysis; there is no clear
evidence that hyperfibrinolysis is associated with
bleeding. Fibrinolysis can be investigated by measuring
its individual components (pro- and antifibrinolytic
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drivers): tissue plasminogen activator (tPA), urokinase
plasminogen activator, FXIIa, plasminogen activator
inhibitor (PAI), plasmin inhibitor (alpha 2-antiplasmin),
and thrombin-activatable fibrinolysis inhibitor (TAFI).
Alternatively, it can be investigated through global
tests designed to assess the time for clot dissolution:
[42]
thromboelastography , diluted whole blood clot lysis
[43]
[44]
assays , and euglobulin clot lysis time . Caution
should be taken in comparing results from different
assays. For example, classical thromboelastography
is performed using whole non-anticoagulated blood,
and clot formation is initiated by (non-physiological)
contact activation; variations on this technique make
use of tissue factor-induced coagulation of citrated
whole blood, but these variations have not yet been
used to determine fibrinolytic potential in patients
with liver failure. Dilute whole blood clot lysis time
is determined in the absence of calcium, and a clot
is formed by addition of thrombin, so this test is
independent of coagulation and therefore of TAFI.
Finally, as the euglobulin fraction contains no inhibitors
of fibrinolysis, enhanced clot lysis times presumably
[45]
only reflect elevated tPA levels .
These methodological differences explain why
studies assessing fibrinolysis have led to controversial
[46,47]
findings
. Hyperfibrinolysis markers have been found
in 30% of cirrhotic patients and are proportional to the
degree of hepatic dysfunction, pointing to activation of
clotting (mediated by the FVIII/protein C imbalance),
[48-50]
with secondary hyperfibrinolysis
. These coagulation
disturbances resemble disseminated intravascular
coagulation; a relatively stable platelet count and
characteristically high FVIII levels distinguish this
process from disseminated intravascular coagulation.
The extent of fibrinolysis is likely to be overestimated
in this population if the definition is based solely on
[49]
indirect markers . When fibrinolysis was explored with
a plasma global test, the results obtained in cirrhotic
patients were not different from those obtained in
[51]
healthy controls . An important subject of debate is
whether hyperfibrinolysis plays a role in precipitating
bleeding: at present, there is no clear evidence for
[52]
this . Thromboelastometry-thromboelastography,
using the clot lysis index parameter, is the current gold
standard for the diagnosis of significant hyperfibrinolysis
[53]
in the clinical setting .

COEXISTING FACTORS/CONDITIONS
Anaemia, endotoxaemia, portal hypertension, kidney
failure and underlying liver disease affect the state
of haemostasis. An improvement in anaemia to
[54]
at least 30% of haematocrit
improves platelet
adhesion because more red blood cells push platelets
and leucocytes from the axial centre toward the
periphery, thereby enhancing cell contact with the
vessel wall and formation of the primary haemostatic
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[55]

plug . The release from red blood cells of adenosine
diphosphate, a powerful inducer of platelet aggregation,
and the scavenging effect on nitric oxide exerted
by haemoglobin contribute to the defective primary
haemostasis in the anaemic condition.
Endotoxaemia increases the tissue factor expression
[56]
and the synthesis of vWF by endothelial cells and has
been related to the high ratio of FVIII to anticoagulant
[57]
factors , promoting a state of low-grade disseminated
[58,59]
intravascular coagulation
. Portal circulation has
higher endotoxaemia than peripheral circulation. The
administration of prophylactic antibiotics can reduce
the incidence of early rebleeding after an episode of
[60]
bleeding . It has been suggested that endotoxaemia
could be the common mechanism that links activation
of clotting (portal thrombosis), hyperfibrinolysis, and
[61]
gastrointestinal bleeding .
Portal hypertension is the main risk factor for
[62]
bleeding
in cirrhotic patients. Patients with portal
hypertension have a pooling of blood on the venous side
of the circulation and arterial hypotension. Additional
fluid that is introduced into the circulation is added
to the venous overload. Low central venous pressure
has been shown to considerably reduce perioperative
blood loss during liver resection and liver transplant
[63-65]
surgery
.
Kidney failure also predicts bleeding risk as uraemia
[66]
impairs platelet function . Biochemical platelet
alterations result in defects of aggregation and impaired
[67]
platelet adhesion to injured vessel walls . In addition,
kidney failure is also often accompanied by anaemia.
The haemostatic balance may vary according to
the degree and underlying cause of liver disease.
Patients with cholestatic liver diseases are characterized
by a normal or hypercoagulable state: higher PAI-1
concentrations as compared with other aetiologies.
This state results in less hyperfibrinolysis in the
reperfusion phase during liver transplantation and
[68]
antifibrinolytic therapy is not usually administered .
Platelet hyperactivity has also been reported in patients
[12,42]
with cholestatic liver disease
. A prothrombotic
state has been reported in acute liver injury based
on an imbalance between vWF/ADAMTS13, intact
[28,69,70]
thrombin generation, and high levels of PAI‑1
.
Minimal effects on haemostasis are assessed by
[71]
thromboelastography in these patients , despite the
severe derangement shown by standard coagulation
tests. Patients transplanted for familial amyloidotic
polyneuropathy appear to have an increased risk of
early hepatic artery thrombosis in comparison with
[72]
transplant patients with cirrhosis . Nonalcoholic
fatty liver diseases have also been associated with
[73]
hypercoagulation and thrombophilia . Splanchnic
vein thrombosis has been described more frequently in
[74]
patients with autoimmune cirrhosis .

CLINICAL EVIDENCE
There is no correlation between coagulation tests and

WJG|www.wjgnet.com

the incidence of bleeding complications after invasive
procedures in patients with chronic liver disease.
Despite the abnormalities shown in coagulation tests,
these patients have a low incidence of complications
during invasive procedures and, even if bleeding occurs,
it is rarely related to the alteration of coagulation
tests. The risk of post-procedural bleeding in patients
evaluated for liver transplantation is related to platelet
count, not to PT or APTT. There is no scientific evidence
to indicate that the level of thrombopenia is associated
[49,75]
with a greater risk of bleeding
. Moreover, the
results of trials evaluating haemostatic agents have in
[76]
general been negative or inconclusive . Some of these
agents are extremely expensive and are not free of side
effects.
Haemostasis plays a minor role in bleeding from
oesophageal varices, which accounts for 80% to
90% of bleeding episodes in cirrhotic patients. It is
predominantly related to haemodynamic factors,
local vascular abnormalities, and Child-Pugh score,
[77,78]
which describes the severity of liver disease
,
[79]
with a minor role for haemostasis . Furthermore,
spontaneous bleeding is less frequent than would be
expected from the abnormality shown in laboratory
tests. The risk of spontaneous intracranial bleeding is
[80]
equal to that of control subjects and is more related
to the aetiology of the underlying disease (alcohol
1.8%, hepatitis C virus 0.3%) than to the severity of
the liver disease.
Liver transplantation can be performed with very
low rates of transfusion when a fluid restriction policy
is applied. However, it should never be performed
without prophylaxis or transfusion requirements in a
patient with an established (classical) coagulopathy,
such as haemophilia. Transfusion requirements
have dropped in liver transplantation to a median
of 2-3 units of red blood cells in many centres and
a substantial number of patients (up to 50%) are
transplanted without the need for transfusion when
[81-83]
a fluid restriction policy is applied
. It could be
assumed that a restrictive transfusion policy would
[84]
be valid for invasive procedures in this population .
Surprisingly, one study showed that patients with
liver disease, who accounted for 7.7% of the patients
receiving transfusions, utilized 32% of administered
[85]
plasma and 13% of the platelets .
Patients with liver disease have portal vein throm
bosis, peripheral vein thrombosis, and pulmonary
embolism as clinical manifestations of thrombotic
[86]
tendency. Northup et al
found that about 0.5%
of cirrhotic patients had a new diagnosis of venous
thromboembolism (VTE). In 2 retrospective analyses
the association between cirrhosis and VTE was also
[87,88]
[88]
evident
. Gulley et al
observed a VTE incidence
of 2.6% in patients with moderate-severe liver failure.
The largest analysis on this topic demonstrated that,
compared with the general population, patients with
cirrhosis have approximately double the risk of VTE and
[89]
a slightly lower risk of pulmonary embolism . These
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findings suggest that cirrhotic patients are not protected
against thrombosis and, despite INR elongation, they
have an increased risk of thrombosis compared with
age-matched controls. Preliminary reports indicate that
[90]
standard pharmacologic prophylaxis is safe , but its
effectiveness has not been proven and the appropriate
[91]
agents remain to be determined . Severe cirrhosis
[92]
is a major risk factor for portal vein thrombosis
and
the risk is related in part to the severity of the liver
[78]
disease . Portal vein thrombosis has been encountered
in 8% to 26% of patients who were candidates for liver
[93]
transplantation . A recent prospective randomized
control study of fixed dose prophylactic low-molecularweight heparin vs no therapy administered for 1 year
[94]
in 70 patients with advanced cirrhosis
demonstrated
that no patients in the enoxaparin group developed
portal vein thrombosis, compared with 17% in the
control group. In addition, the incidence of documented
bacterial infections was significantly lower in the
enoxaparin group (8.8% vs 33.3%). This study raises
an interesting hypothesis as to whether, by improving
intestinal microcirculation, anticoagulation reduces the
frequency of portal thrombosis and the progression of
cirrhosis.

CLINICAL APPROACH
Transfusion in an attempt to correct anomalous
laboratory tests is not justified and is potentially
harmful. Recent general consensus guidelines on
plasma transfusion do not recommend FFP for
prophylactic correction of abnormal PT or INR and
studies on patients with liver disease do not support
[95,96]
the use of FFP as a prophylactic measure
.
Numerical improvement in PT requires transfusion of
[97,98]
[99]
at least 2 to 6 units of FFP
. Zimmon et al found
a linear correlation between portal pressure and blood
volume in cirrhotic patients: every 100 mL of blood
volume expansion, in a relatively short period of time,
predicted a mean increase in portal pressure of 1.03
mmHg. To reach a target INR value of 1.5 starting
from INR values of 2 or 4, the expected increase in
portal pressure ranges from 15.5 to 25.8 mmHg,
[100]
respectively . Indeed, reaching a PT target reported
as safe may paradoxically trigger bleeding in liver
[101]
disease patients .
Moreover, transfusion of FFP may be accompanied
by side effects such as acute lung injury (patients
with chronic liver disease have a greater individual
risk of transfusion-related acute lung injury than other
populations). Based on the knowledge that platelets
[19]
support thrombin generation , platelet transfusion
should be considered in severely thrombocytopenic
patients. The American Association for the Study of
Liver Disease guidelines recommend that platelet
transfusion before liver biopsy, transcutaneously or
transvenously, should be considered when platelet
9
9
counts are lower than 50 × 10 /L-60 × 10 /L (Class
1, Level C, i.e., without evidence from randomized
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[102]

studies)
. Also, there is consensus that the
platelet count should not be allowed to fall below 50
9
[16]
× 10 /L in patients with acute bleeding . Platelet
transfusions have been associated with acute lung
injury and decreased survival after orthotopic liver
[103]
transplantation
. An informal survey showed the
high degree of variation in practice in the assessment
[49]
of bleeding risk in patients with liver disease .
Although the respondents acknowledged the lack of
sound data, many of their opinions were influenced
by legal considerations. Only very cautious use of
prophylactic therapy is warranted in very high-risk
procedures such as intracranial pressure monitor
[30,104]
placement in patients with acute liver failure
. In
the remaining clinical settings, there is now substantial
experience supporting a wait-and-see policy and
[105]
rescue therapy when bleeding occurs .
Fluid restriction policy, optimization of renal function
and control of infection can improve haemostatic
competence. The experience acquired in the field of
liver transplantation suggests that a fluid restriction
policy could be applied in invasive procedures. This
policy should be aimed at reducing hypertension in the
splanchnic area, thus avoiding unnecessary transfusion
of haemoderivatives and hypervolemia. Renal status
should be optimized in order to reduce the risk of
bleeding. One of the main mechanisms involved is
[106]
uraemia, which impairs platelet function
. Dialysis
was the first step to improve the bleeding tendency
in uraemia, although it was not entirely satisfactory.
In addition, kidney failure is often accompanied by
anaemia. The prophylactic administration of antibiotics
to patients with cirrhosis is known to reduce mortality
and improve haemostatic function, but the exact
mechanism is unknown. As bacterial infection has been
associated with the risk of bleeding, failure to control
bleeding and mortality, the treatment of infections
[107,108]
before invasive procedure is recommended
.
Anticoagulation should not be withheld from
patients with liver disease. Clinicians should be
alerted to the possibility of thrombosis occurring in
[84]
these patients . With the current lack of definitive
treatment data and a significant defined incidence
of in-hospital VTE, it would seem reasonable to
offer standard pharmacologic VTE prophylaxis in
hospitalized cirrhotic patients unless an obvious
contraindication is present, regardless of standard
coagulation laboratory values. In other words, this
population should be considered in the same way as
[3]
any medical inpatients . Treatment for new diagnoses
of VTE should essentially follow anticoagulation. If
a delay in treatment is expected because of highrisk eradication of oesophageal varices, a temporary
inferior vena cava filter may be considered, although
[109]
its use is controversial in many situations .
The resolution of thrombus portal circulation is
[110]
becoming a critical issue that needs to be solved
.
The effect of anticoagulants on portal vein thrombosis
in cirrhosis has already been investigated in some
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Figure 1 Clinical estimation of bleeding or clotting risk.
[109-112]

small series
; the total number of cirrhotic
patients treated with a therapeutic dose of lowmolecular-weight heparin is 135. Globally, the results
are positive, with a rate of recanalization of roughly
30% to 50% after a period of anticoagulation as long
[113]
as approximately 6 mo . The treatment seems to be
safe, with little incidence of fatal or major bleedings.
However, although the current tendency is to start
declotting treatment, there is no consensus regarding
a de novo portal thrombosis in a cirrhotic patient.

CONCLUSION
Haemostasis in liver disease is extremely complex and
the main difficulty facing the physician in a patient
with liver disease is the lack of a comprehensive
test for clinical estimation of bleeding or clotting risk
(Figure 1). From a practical point of view, each patient
should be assessed individually, taking into account
the underlying cause of the liver disease, other factors
influencing haemostatic competence, and the clinical
context.
This clinical problem can possibly be improved
by (1) advancing knowledge of specific coagulation
pathways, such as those related to platelet function,
which have been little investigated in cirrhotic patients;
and (2) developing new tests as close as possible to in
vivo conditions and confronting them with a thrombotic
or haemorrhagic hard clinical end point. Additionally,
given that several variables affect haemostatic
competence in patients with liver disease, a composite
parameter including factors that have proven to be
significant in large study series could be useful for
assessing the risk of bleeding and thrombosis in this
population.
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hematoxylin-eosin stained tissue preparations of
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RESULTS: Both concentrations of DSS induced
inflammation and morphological changes in large
intestines but not in small intestines. Changes were
observed as distortions of the crypt structure, mucosal
erosion, immune cell infiltration to the mucosa and
submucosal edema. Ex vivo corticosterone production
(2.9 ± 1.0 ng/mL vs 2.0 ± 0.8 ng/mL, P = 0.034) and
ACE shedding (269.2 ± 97.1 ng/mL vs 175.7 ± 52.2 ng/
mL, P = 0.016) were increased in small intestines in 3%
DSS group compared to the controls. In large intestine,
corticosterone production was increased compared to
the controls in both 3% DSS (229 ± 81 pg/mL vs 158
± 30 pg/mL, P = 0.017) and 5% DSS groups (366
± 163 pg/mL vs 158 ± 30 pg/mL, P = 0.002). Large
intestine ACE shedding was increased in 5% DSS group
(41.5 ± 9.0 ng/mL vs 20.9 ± 5.2 ng/mL, P = 0.034).
Angiotensin Ⅱ treatment augmented corticosterone
production in small intestine at concentration of 10
µmol/L (0.97 ± 0.21 ng/mg protein vs 0.40 ± 0.09 ng/
mg protein, P = 0.036).
CONCLUSION: Intestinal ACE shedding is increased by
DSS-induced intestinal inflammation and parallels local
corticosterone production. ACE product angiotensin Ⅱ
stimulates corticosterone formation in healthy intestine.
Key words: Dextran sodium sulfate; Inflammation;
Angiotensin-I converting enzyme; Local corticosterone;
Intestine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Soluble and tissue levels of angiotensinⅠ converting enzyme (ACE) along with corticosterone
production were examined in a dextran sulfate mouse
model of intestinal inflammation. Intestine is a site of
ACE shedding, which is increased by inflammation.
ACE and corticosterone are increased in intestinal
incubations of morphologically disrupted and intact
parts of the intestine. ACE product Ang Ⅱ stimulates
corticosterone production in small intestine. The results
suggest that intestinal Renin-Angiotensin system and
glucocorticoids might be counter-regulatory systems in
regulation of inflammatory processes in the intestine.
Salmenkari H, Issakainen T, Vapaatalo H, Korpela R. Local
corticosterone production and angiotensin-Ⅰ converting enzyme
shedding in a mouse model of intestinal inflammation. World J
Gastroenterol 2015; 21(35): 10072-10079 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10072.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10072

INTRODUCTION
Renin-angiotensin system (RAS) is best known as
a regulator of systemic blood pressure. In addition,
classic and alternative RAS regulate inflammatory
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[1]

processes in the vasculature . Several components
of RAS have been localized in various parts of
the gastrointestinal tract but their function is not
[2]
completely clear . Angiotensin converting enzymes
(ACE, ACE2) have been found throughout the human
[3-5]
intestine . The two types of angiotensin receptors
(AT1R, AT2R) have also been detected in rat and
human intestine suggesting that ACE aminopeptidases
are not only food metabolizing enzymes but also have
[2,4-7]
regulatory functions
.
Another recent observation is the formation of
adrenocortical glucocorticoid (GC) hormone, cor
ticosterone, in the gut, where the regulation of
[8-10]
synthesis is different than in adrenals
. Intestinal
epithelium produces corticosterone to regulate
inflammation by the action of tumor necrosis factor
[11]
(TNF)-α . In kidney and heart, angiotensin Ⅱ (Ang
[12,13]
Ⅱ) induces TNF-α production
. Therefore, we
hypothesized that these two systems, pro-inflam
matory RAS and anti-inflammatory GCs, could play a
counter-regulatory role in inflammatory processes of
the intestine.
ACE is the central enzyme of classic RAS. ACE is an
aminopeptidase, which cleaves two or three C-terminal
amino acids from several peptides. The most
important substrate for ACE is angiotensin Ⅰ (Ang Ⅰ)
which is cleaved into pro-inflammatory Ang Ⅱ. ACE
is a membrane-bound enzyme with a short cytosolic
[14]
C-terminal tail . The extracellular part consists
of N-terminal and C-terminal domains which both
[15]
possess a catalytic site . ACE extracellular domains
can be cleaved and released to the circulation by one
[15-17]
or more so called ACE sheddase enzymes
. One
[18]
of those enzymes is a metalloprotease ADAM9 . An
analogous shedding mechanism by ADAM17 has been
[19,20]
described for ACE2
. The role of ACE shedding
is unclear but it is thought that ACE shedding might
be a way to regulate local ACE activity or substrate
[15]
specificity . Furthermore, ACE shedding has been
reported in lung during ischemia/reperfusion and in
pulmonary endothelial cells in septic conditions and
[18,21,22]
during LPS treatment in vitro
. Here, we report of
ACE shedding outside vasculature from the intestinal
tissue in response to DSS-induced inflammation.
Dextran sulfate (DSS)-model of colitis induces
inflammation, mucosal erosion and bleeding in
mouse colon. There have been several reports of
DSS inducing mild inflammatory changes in small
intestine histology and biochemical markers up to
[23-25]
jejunum
.
The aim of the study was to investigate intes
tinal corticosterone production and ACE protein
expression and their interaction in healthy and
inflamed intestine.

MATERIALS AND METHODS
The study was conducted in the Institute of Bio
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medicine, Pharmacology, at the University of
Helsinki. The study was approved by National Animal
Experimentation Committee of Finland according to
EC Directive 86/609/ECC and Finnish Experimental
Animal Act 62/2006.

Animals and colitis model

Six weeks old male balb/c mice weighing 20 g ±
1 g were acclimatized to 12 h light-dark cycle and
given water and standard rodent food, 2018 Teklad
Global 18% Protein Rodent Diet (Harlan Laboratories,
Indianapolis, IN, United States) ad libitum. Three
or five percent (w/v) DSS was introduced in the
drinking water for 7 d to induce acute colitis (n = 12
in each group). Control group was given tap water.
The animals were weighed daily and the weight was
calculated in relation to that at the beginning of the
experiment. Eight weeks old untreated balb/c male
mice were used in ex vivo stimulation experiments.

Sample collection

After 7 d the mice were sacrificed by decapitation.
Small and large intestines were excised, opened
longitudinally and rinsed with Phosphate Buffered
Saline (PBS) (137 mmol/L NaCl, 7.9 mmol/L Na2HPO4,
2.7 mmol/L KCl, 1.5 mmol/L KH2PO4, pH = 7.4). Pieces
of jejunum and distal colon were cut out, rinsed in
Krebs buffer (119 mmol/L NaCl, 25 mmol/L NaHCO3,
15 mmol/L KCl, 11 mmol/L Glucose, 1.6 mmol/L CaCl2,
1.2 mmol/L KH2PO4, 1.2 mmol/L MgSO4) and fixed
in 10% neutral-buffered formalin (Sigma Aldrich, St.
Louis, MO, United States) for 24 h. The fixed tissues
were washed with PBS and stored in 70% ethanol at
+4  ℃ until paraffin embedding.

Ex vivo tissue incubation

The remaining part from duodenum to mid-jejunum
and middle part of colon were sliced and incubated
in pre-oxygenated Krebs buffer at 37  ℃ in gentle
agitation. Samples of the buffer were taken after 90
min of incubation and centrifuged at 13000 g. The
supernatant was used for the experiments.
In another experiment, the whole small intestine of
balb/c mice were cut into pieces which were randomly
distributed and incubated in Krebs’ buffer, 0.1, 1
or 10 µmol/L Ang Ⅱ (Sigma Aldrich) to stimulate
corticosterone production, 1, 10 or 100 µmol/L cap
topril (Sigma Aldrich) to block ACE activity or 1, 10
or 100 µmol/L metyrapone (Sigma Aldrich) to inhibit
corticosterone synthesis for 90 min. The supernatants
were taken for corticosterone assay and the tissue
pieces saved for total protein measurement.

Histological analyses

Formalin-fixed paraffin embedded tissues were sliced
and stained with hematoxylin and eosin stain. Crypt
and villus structure, erosion of mucous membrane,
inflammatory cells and submucosal edema were
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visually evaluated and compared between treatments.

Immunochemical assays

Corticosterone was measured from ex vivo -incubate
samples taken at 90 min of 8 small intestine and
large intestine samples using a corticosterone EIA kit
(Cayman Chemical, Michigan, MI, United States). ACE
protein was measured from ex vivo -incubates and
tissue lysates using ELISA (R&D System, Minnesota,
MO, United States).

Statistical analysis

Comparisons of corticosterone formation and ACE
shedding to controls and the expression analyses
were done with Student’s unpaired t-test. Data is
presented as mean ± SD in bar graphs. Correlations
are presented with Pearson’s correlation coefficient
and calculated with GraphPad Prism 5. P values less
than 0.05 were considered statistically significant.
Statistical analyses were evaluated by a statistics
expert. The statistical methods of this study were
reviewed by Dr. Oleg Kambur from the University of
Helsinki.

RESULTS
Weight development

The weight of the animals, given as percent of the
mean initial weight (100%) was similar in all groups
from day 1 to day 5, after which the animals in the 5%
DSS group begun to lose weight. After 7 d, the animals
in 5% DSS group weighed less than controls (93.1%
± 0.8% vs 103.9% ± 0.5%, P < 0.001) or those in
3% DSS group (93.1% ± 0.8% vs 100.5% ± 0.8%, P
< 0.001). Animals treated with 3% DSS weighed less
compared to controls after 7 d (100.5% vs 103.9%,
P = 0.002). The weight loss was accompanied by
diarrhea, with blood visible in the 5% DSS group.

Histological analyses

In the large intestine preparations, marked disruption
of crypt structure, mononuclear cell infiltration, sub
mucosal edema and mucosal erosion were observed in
both 3% and 5% DSS groups but were not present in
the control group (Figure 1). Histological changes were
similar in both colitis groups. No pathological changes
were observed in the small intestines in any group.

Corticosterone production

Corticosterone production in the ex vivo incubation
of the small intestine samples was increased in 3%
DSS group compared to control group at 90 min
(2.9 ± 1.0 ng/mL vs 2.0 ± 0.8 ng/mL, P = 0.034)
(Figure 2A). However, corticosterone levels did not
differ significantly from control in 5% DSS-treated
mice’s small intestines (2.5 ± 0.9 ng/mL vs 2.0 ± 1.0
ng/mL, P = 0.16). In large intestine, DSS treatment
stimulated corticosterone production in both 3% DSS
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Figure 1 Small and large intestine histology. Hematoxylin eosin-stained tissue preparations of Control (A), 3% DSS (C) and 5% DSS (E) small intestines and
Control (B), 3% DSS (D) and 5% DSS (F) large intestines. In D and F, crypt structure is damaged and mucosa is partly eroded. Edema is present in submucosa.
Immune cells are present in mucosa and submucosa. Magnification × 20. DSS: Dextran sodium sulfate.

(0.23 ± 0.3 ng/mL vs 0.16 ± 0.1 ng/mL, P = 0.017)
and 5% DSS groups (0.37 ± 0.5 ng/mL vs 0.16 ±
0.1 ng/mL, P = 0.002) (Figure 2B). Corticosterone
concentration in the incubates of 5% DSS-group’s
large intestine samples was higher than in those of 3%
DSS group (P = 0.026).

ACE shedding

ACE protein was present in the supernatants of mouse
ex vivo intestinal incubations (Figure 2C and D).
ACE concentration was increased in 3% DSS group
small intestine supernatants at 90 min compared
to control (269.2 ± 90.9 ng/mL vs 175.7 ± 48.8
ng/mL, P = 0.016). In large intestine incubates, ACE
concentrations were increased in 5% DSS group
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compared to control (41.5 ± 23.8 ng/mL vs 20.9 ±
13.7 ng/mL, P = 0.034) but not in 3% DSS group. In
tissue lysates, ACE protein concentrations were similar
in all groups (Figure 2E and F).

Corticosterone and ACE correlations

Corticosterone and ACE concentrations correlated
with each other in both small intestine (Pearson
correlation 0.435, 95%CI: 0.169-0.642, P = 0.001)
and large intestine (Pearson correlation 0.315, 95%CI
0.033-0.550, P = 0.015) (Figure 3). Similarly, there
was a correlation between small and large intestine
corticosterone production (Pearson correlation, 0.534,
0.295 to 0.711, P < 0.001) but not in ACE shedding
(Pearson correlation 0.027, P = 0.429).
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Figure 2 Corticosterone production and angiotensin-Ⅰ converting enzyme shedding measured from healthy (control) and inflamed (DSS 3% or 5%
induced in drinking fluid for 7 d) intestine samples (n = 8) after 90 min at 37  ℃. All the conditions were pretested in pilot experiments. Corticosterone production
measured from the incubate buffer small intestine (A), large intestine (B). ACE shedding into incubate small intestine (C), large intestine (D). Tissue bound ACE from
tissue lysate small intestine (E), large intestine (F). Data expressed as mean ± SD, n = 8 in each column. aP < 0.05 vs control. ACE: Angiotensin-I converting enzyme;
DSS: Dextran sodium sulfate.

Effects of angiotensin Ⅱ , captopril and metyrapone on
corticosterone production in healthy tissue

Angiotensin Ⅱ, a stimulator of adrenal corti
costerone synthesis, also increased corticosterone
production in small intestines at 10 µmol/L con
centration (0.97 ± 0.04 ng/mg protein vs 0.40 ±
0.02 ng/mg protein, P = 0.036), which was the
highest concentration tested (Figure 4A). Captopril,
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an inhibitor of ACE, had no effect on corticosterone
production (Figure 4B). Metyrapone, an inhibitor
of corticosterone synthesis, unexpectedly in
creased corticosterone production at the smallest
concentration tested, 1 µmol/L (0.95 ± 0.41 ng/mg
protein vs 0.40 ± 0.02 ng/mg protein, P = 0.040),
but had no effect at higher concentrations (Figure
4C).

10076

September 21, 2015|Volume 21|Issue 35|

0

6000

R = 0.315
P = 0.015

60
ACE (ng/mL)

B

40

20

0

0

200

1
Ⅱ

An
g

Ⅱ

Large intestine

An
g

80

400
600
Corticosterone (pg/mL)

800

1000

Corticosterone (pg/mg protein)

B

µm
ol
/L

2000
4000
Corticosterone (pg/mL)

a

200

10

0

400

0.
1

0

600

Ⅱ

500

800

An
g

ACE (ng/mL)

1000

1000

µm
ol
/L

R = 0.435
P = 0.001

1500

A

µm
ol
/L

Small intestine

l

2000

Co
nt
ro

A

Corticosterone (pg/mg protein)

Salmenkari H et al . Intestinal corticosterone production and ACE shedding

200

150

100

50

WJG|www.wjgnet.com

/L
0

µm

ol

/L
ol
µm

10

10

150

ril
op
pt
Ca

a

100

50

ol
/L
10
0

et
yr
ap
on
M

on
e
et
yr
ap
M

e

10

1
on
e
et
yr
ap
M

µm

ol
/L
µm

ol
/L

0

Co
nt
ro
l

Inflammatory bowel diseases (IBDs) are severe
clinical ailments which manifest by diarrhea, intestinal
bleeding and inflammation. Two major forms of IBD are
ulcerative colitis (UC) and Crohn’s disease (CD). In UC,
the inflammation is restricted to the colonic mucosa,
whereas in CD the inflammation can sporadically affect
any part of the intestinal tract and reach through all
tissue layers. The causes of IBD are not fully understood
but they are thought to be multifactorial and involve
hereditary, immunological and environmental factors.
DSS is widely used to induce inflammation of
[26]
the large intestine as an animal model of IBD .
However, it has been reported to induce inflammation
in the small intestine as well, mainly in the ileum. In
the present study, DSS treatment caused extensive
histological damage in the mucosal layer of mouse
colon but did not cause any clear histological damage
in the jejunum. No appreciable changes were observed
in muscularis mucosae, bearing more resemblance to
ulcerative colitis than Crohn’s disease.
In the present study, we tested, as far as we know,
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Figure 3 Correlation of angiotensin-Ⅰ converting enzyme protein and
corticosterone in ex vivo intestinal incubations. A: Small intestine, n = 23; B:
Large intestine, n = 24.

Figure 4 Concentration-response effects of three different concentrations
of angiotensin (A), captopril (B) and metyrapone (C) on corticosterone
production measured from incubation buffer of small intestine sample
after 90 min at 37  ℃. Individual values, mean ± SD from (n = 5 in each
concentration) are given. aP < 0.05 vs control.
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for the first time the possible association between
glucocorticoids and renin-angiotensin system in the
gastrointestinal tract. These two systems interact in
the adrenal cortex.
Here, we report of inflammation-induced ACE
protein shedding from mouse intestine in an ex vivo
incubation. ACE shedding from vascular endothelium
[15]
has been demonstrated earlier by others . Previously,
ACE activity has been measured from feces and
[27]
considered as a sign of cell damage . The current
study did not assess whether ACE shedding occurs
from the epithelial cells, immune cells or the vascular
endothelium. However, due to the handling of the
[18]
samples and recent reports of an ACE sheddase ,
it is likely the measured protein is in soluble form
rather than membrane-bound. Furthermore, in severe
colitis, we have observed angiotensinogen expression
coinciding with ACE shedding (unpublished data).
Intestinal corticosterone production is increased
[8]
by inflammation . In line with previous studies, corti
costerone production was increased in large intestines
of DSS-treated mice. Furthermore, despite no his
tological changes were observed in small intestines of
DSS-treated mice, corticosterone production and ACE
shedding were increased in jejuna of DSS-treated
mice without marked differences in the tissue ACE
levels. This might be due to milder, non-detectable,
inflammation of the small intestine.
Since both of these processes, corticosterone
production and ACE shedding, were increased by
inflammation, we hypothesized that they might interact
in the intestine. Indeed, corticosterone production was
increased in small intestine tissue incubation by Ang Ⅱ.
However, inhibition of ACE by captopril in vitro did not
affect the basal corticosterone production. Further studies
will show, whether captopril treatment in vivo has an
effect on corticosterone production in inflamed intestine.
Interestingly, the in vivo glucocorticoid synthesis inhibitor
metyrapone did not inhibit corticosterone synthesis in
this in vitro experimental setup but rather increased it at
low concentration.
The present study shows that the DSS colitis
model can be used to study local angiotensin system
in intestinal inflammation. As conclusion, we demons
trate ACE shedding from mouse intestine induced
by inflammation. Pro-inflammatory ACE and antiinflammatory glucocorticoids appeared in incubation
buffer even in the small intestine, far from the site
of structural damage, further supporting reports of
small intestinal manifestations of the DSS model. The
results of this study suggest that intestinal RAS and
glucocorticoids might be counter-regulatory systems in
regulation of inflammatory processes in the intestine.
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Abstract
AIM: To investigate whether accelerated catabolism
of ganglioside and decreased ganglioside content
contribute to the etiology of pro-inflammatory intestinal
disease.
METHODS: Intestinal mucosa from terminal ileum or
colon was obtained from patients with ulcerative colitis
or inflammatory Crohn’s disease (n = 11) undergoing
bowel resection and compared to control samples
of normal intestine from patients with benign colon
polyps (n = 6) and colorectal cancer (n = 12) in this
observational case-control study. Gangliosides and
phospholipids of intestinal mucosa were characterized
by class and ceramide or fatty acid composition using
liquid chromatography triple-quad mass spectrometry.
Content and composition of ganglioside classes GM1,
GM3, GD3, GD1a, GT1 and GT3 were compared
among subject groups. Content and composition of
phospholipid classes phosphatidylcholine (PC) and
phosphatidylethanolamine were compared among
subject groups. Unsaturation index of individual
ganglioside and phospholipid classes was computed
and compared among subject groups. Ganglioside
catabolism enzymes beta-hexosaminidase A (HEXA)
and sialidase-3 (NEU3) were measured in intestinal
mucosa using western blot and compared among
subject groups.
RESULTS: Relative GM3 ganglioside content was
2-fold higher (P < 0.05) in intestine from patients with
inflammatory bowel disease (IBD) compared to control
intestine. The quantity of GM3 and ratio of GM3/GD3
was also higher in IBD intestine than control tissue
(P < 0.05). Control intestine exhibited 3-fold higher
(P < 0.01) relative GD1a ganglioside content than
IBD intestine. GD3 and GD1a species of ganglioside
containing three unsaturated bonds were present
in control intestine, but were not detected in IBD
intestine. The relative content of PC containing more
than two unsaturated bonds was 30% lower in IBD
intestine than control intestine (P < 0.05). The relative
content of HEXA in IBD intestine was increased 1.7-fold
(P < 0.05) and NEU3 was increased 8.3-fold (P < 0.01)
compared to normal intestine. Intestinal mucosa in IBD
is characterized by increased GM3 content, decreased
GD1a, and a reduction in polyunsaturated fatty acid
constituents in GD3, GD1a and PC.
CONCLUSION: This study suggests a new paradigm
by proposing that IBD occurs as a consequence of
increased metabolism of specific gangliosides.
Key words: Ganglioside; Phospholipid; Fatty acid; Lipid;
Inflammatory bowel disease; Inflammation; Nutrition;
Crohn disease; Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: This research suggests a new paradigm
by proposing that increased metabolism of specific
gangliosides is fundamental to the etiology of
inflammatory bowel disease. The study demonstrates
that the catabolism of gangliosides is elevated in the
intestinal mucosa of patients with inflammatory bowel
disease and suggests that intervention with appropriate
dietary gangliosides potentially reduces intestinal
permeability, improving intestinal integrity.
Miklavcic JJ, Hart TDL, Lees GM, Shoemaker GK, Schnabl KL,
Larsen BMK, Bathe OF, Thomson ABR, Mazurak VC, Clandinin
MT. Increased catabolism and decreased unsaturation of
ganglioside in patients with inflammatory bowel disease. World J
Gastroenterol 2015; 21(35): 10080-10090 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10080.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10080

INTRODUCTION
Inflammatory bowel disease (IBD) is a global pro
[1]
blem and is particularly prevalent in the United
[2]
[3]
States and Canada . IBD is associated with elevated
[4]
standardized all-cause mortality ratio and there is an
alarming 38% increase in all-cause mortality for Crohn
disease (CD). IBD can present with abdominal pain,
gastrointestinal bleeding, increased stool frequency,
diarrhea, weight loss, and malnutrition. Ulcerative
colitis (UC) is localized only to the large intestine
where continuous inflammation is present superficially
and Th2 cells characterize disease. CD is characterized
by Th1 cells and granulomatous inflammation occurs
in transmural fashion anywhere in the gastrointestinal
[5]
tract with segmented distribution . CD can also be
associated with development of joint, liver and kidney
diseases and a much elevated risk of small intestinal
lymphoma and colorectal cancer. Some individuals with
IBD do not respond to drug treatment, while others
[6]
experience serious adverse effects . The cause of IBD
is unknown and there is a clear need for innovative
knowledge of disease mechanisms to enable novel
treatment strategies.
Gangliosides are structurally complex molecules
of many molecular species varying in sialic acid and
ceramide composition (Figure 1). Certain species of
ganglioside are involved in regulation of cell signalling,
apoptosis and receptor-ligand interactions. Dietary
ganglioside intake is very low unless a person is
consuming whole organ foods (ex. brain), whole milk
or buttermilk in excessively high quantities that are not
[7]
[8]
practical on a daily basis . Infants normally obtain
[9]
gangliosides from human milk for incorporation into
[10]
brain .
Providing ganglioside in the diet increases gan
[11]
glioside content in intestinal mucosa . Important
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Figure 1 Biochemical pathway of ganglioside catabolism. Pathway of ganglioside catabolism adapted from Miklavcic et al[15]. A-series gangliosides are highlighted
in the upper boxed area and b-series gangliosides are highlighted in the lower boxed area. Enzyme catalyzing specific metabolic processes are adjacent to respective
arrows. Cer: Ceramide; HEXA: Beta-hexosaminidase A; NEU3: Sialidase-3.

observations from animal studies reveal that inflamed
intestinal mucosa has less GD3 ganglioside than
[12]
healthy intestinal mucosa . Moreover, increasing
ganglioside content of intestinal cells through diet
decreases pro-inflammatory cytokine signalling in
[12]
intestinal mucosa , and prevents hypoxia-induced
bowel necrosis and cell injury in cultured infant
[9]
bowel downregulating the same signals underlying
[13]
when provided
IBD. Caco-2 cells incorporate GD3
with ganglioside at physiological concentrations
[14]
in vitro . Localization of GD3 in the lateral and
basolateral membrane surfaces and GM3 to the brush
[11]
border membrane of enterocytes
suggests specific
mechanisms by which ganglioside supports intestinal
cell functions like barrier integrity. Collectively, these
studies of animal and infant intestinal mucosa indicate
that content of GD3 is decreased with inflammation
and higher levels of GM3 or other ganglioside
metabolites can be associated with intestinal cell injury
[15]
and proinflammatory signalling .
The balance of n-3 and n-6 polyunsaturated fatty
acids (PUFA) appears to be important in the inflamed
intestine. Experimental induction of colitis in mice
results in an increase of phospholipase A2 activating
[16]
protein (PLAP) . Increased levels of PLAP may result
in increased liberation of n-6 arachidonic acid from
phospholipid for conversion to pro-inflammatory
mediators like prostaglandin E2 and leukotriene B4
which promote the perpetual inflammatory signaling
cascade in IBD. Moreover, experimental colitis can
[17]
be alleviated in mice by consumption of n-3 PUFA .
Difference in intestinal PUFA content of phospholipid
[18]
has been demonstrated in UC , but detailed
composition of phospholipid classes has not been
thoroughly characterized in human intestinal mucosa.
In addition to the class of ganglioside (i.e., GM3, GD3),
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the role or importance of fatty acid and ceramide
constituents within gangliosides remains elusive.
Thus, the present study aimed to verify the difference
[18]
in intestinal PUFA from previous study
and to
determine whether differences in unsaturation index
are exclusive to intestinal phospholipid or whether
gangliosides also exhibit differences in unsaturation
among IBD and healthy intestine.
In this study, classes of ganglioside and phospholipid
were characterized in intestinal mucosa from control
subjects and compared to patients with IBD. Detailed
structural characterization of ceramide and lipid species
in ganglioside classes GM1, GM3, GD3, GD1a, GT1 and
GT3 and phospholipid classes phosphatidylcholine (PC)
and phosphatidylethanolamine (PE) was performed.
Finally, the content of ganglioside catabolism enzymes
beta-hexosaminidase A (HEXA) and sialidase-3 (NEU3)
were measured in intestinal mucosa to explain the
observed content of specific ganglioside species in the
intestinal mucosa.

MATERIALS AND METHODS
Subject groups and surgical specimens

A first control group (n = 6) consisted of subjects
undergoing bowel resection for non-neoplastic benign
adenomatous polyposis (BAP). The BAP group (nonfamilial, non-malignant) was characterized by > 10
advanced polypoid lesions (diameter: 10-20 cm)
with high-grade dysplasia localized in the descending
colon. A second age- and sex-matched control group
(n = 12) consisted of intestine supplied from the
Canada Breast Cancer Foundation Tumour Bank
(Calgary, Canada). The control tissue consisted of noncancerous regions of large bowel from subjects with
low-to-moderate grade colorectal cancer (CRC) with no
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known metastases, chemo- or radiotherapy treatment.
Patients with IBD (n = 11) requiring surgical resection
of bowel were recruited from the University of Alberta
Hospital surgical program. Surgical referral was based
upon usual and accepted standards of care and
included patients with indications such as hemorrhage,
obstruction and perforation. Diagnosis of ulcerative
colitis (UC) and CD was based on established
radiologic, endoscopic, and histologic criteria. Male and
non-pregnant female adults (> 17 year of age) were
eligible for study. Patients with inadequate liver or renal
function, active infectious disease, history of alcohol/
drug abuse or other serious medical conditions were
excluded from study. Patients were taking a variety
of medications preoperatively for their IBD, such as
melamine, corticosteroids, immunosuppressants, antiTNF biological agents or antibiotics.
Visually normal regions of intestine were excised
from surgical sections of control tissue at least 10 cm
from the closest polyp in BAP controls. Intestine from
terminal ileum or colon was obtained from surgical
sections of viable tissue in the vicinity of the most
prominent ulcerative lesions from subjects with IBD.
Mucosa was separated from the bowel wall by scraping
[9]
with a glass slide . The sample was collected in a
sterile cryovial before being snap-frozen in liquid
nitrogen within 20 min of devascularisation and stored
at -80  ℃ until analysis.

Analysis of ganglioside content and composition in
intestinal mucosa

Gangliosides were isolated from tissues using a
[19]
modified Folch extraction . The final supernatant
was used for ganglioside profiling. Aqueous extracts
were injected onto a Poroshell 120 EC-C18 column
using an Agilent 1260 Infinity LC system. Gangliosides
were separated using reverse-phase chromatography
and the eluent was directed to the inlet of an Agilent
6430 Triple-Quad MS system. Electrospray ionization
generated deprotonated gas-phase ions from the
various ganglioside species. The mass spectrometer
was operated in multiple reaction monitoring mode to
provide selective and sensitive ganglioside detection by
allowing only select precursor ions and characteristic
gas-phase fragments to be detected. The mass spectra
were screened against a library of theoretical precursor
ions from over 900 gangliosides with variable ceramide
and carbohydrate compositions. The relative percent of
ganglioside subspecies GM1, GM3, GD3, GD1, GT1 and
GT3 were determined using Mass Hunter Qualitative
Analysis software. GD1b was not detected in the
majority of specimens and so all GD1 was assumed to
be present in the configuration of GD1a.

Analysis of ganglioside catabolism in intestinal mucosa

Western blotting was performed to analyze HEXA and
NEU3 content in intestinal samples. Total protein was
extracted from intestinal mucosa using T-PER Tissue
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Protein Extraction Reagent (#78510, Fisher Scientific,
ON Canada) in the presence of protease inhibitor
(No. 78410, Fisher Scientific, ON Canada). The RC
DC Protein Assay Kit Ⅱ (#500-0122, Bio-rad, ON
Canada) small volume method was used to quantify
total protein using a Molecular Devices SPECTRAmax
190 against a known concentration of bovine serum
albumin (BSA) standard. The supernatant was
collected and stored at -80 ℃ until analysis. Standard
ladder (#161-0305, Bio-rad, ON Canada) and 10 μg
of protein were loaded into 100 mL/L sodium dodecyl
sulphate-polyacrylamide gel (#08091, Sigma-Aldrich,
ON Canada) after boiling samples for 2 min. Protein
electrophoresis was conducted at 200 V using the
Hoefer SE260 mini-vertical electrophoresis unit.
Gel was transferred onto nitrocellulose membrane
using the Hoefer TE22 Mighty Small Tank Transfer
unit. Following transfer, membrane blots were blocked
using 50 mL/L BSA in tris-buffered saline with 1 mL/L
tween 20 (TBST) (pH 7.6). Blots were incubated for
1 h with primary antibodies diluted in 50 mL/L BSA in
TBST: 1/250 rabbit polyclonal IgG anti-HEXA (#93111,
Abcam, MA United States), 1:7000 rabbit polyclonal
IgG anti-NEU3 (#80541, Abcam, MA United States),
1:2500 rabbit polyclonal IgG anti-glyceraldehyde
3-phosphate dehydrogenase (#9485, Abcam, MA
United States). After incubation, blots were rinsed
twice with TBST. Blots were incubated with 1:2000
horseradish peroxidise-conjugated goat anti-rabbit
IgG secondary antibody (#7074, Cell Signalling
Technology, MA United States) at room temperature
for 1 h. Blots were rinsed as before then incubated
with Amersham enhanced chemiluminescence prime
reagent (RPN2232, Sigma-Aldrich, ON Canada) as per
manufacturer instructions. The blot was imaged using
a GE Typhoon 8600 Variable Imager and Scanner and
the image was analyzed with ImageQuant software.
Protein bands were manually selected to determine
band density.

Analysis of phospholipid content and composition in
intestinal mucosa

Phospholipids were isolated from tissues using a
[19]
modified Folch extraction . Organic extracts were
frozen at -20  ℃ until analysis. Upon analysis, samples
were thawed at room temperature, dried under
nitrogen and resuspended in 750 mL/L acetonitrile,
250 mL/L water. Samples were subjected to normal
phase chromatography with an Agilent Zorbax RXSil column (3.0 mm × 100 mm, 1.8 µm particle
size) using a 1260 infinity LC system (Agilent). The
mobile phase was composed of 375 mL/L acetonitrile,
125 mL/L water, methanol 500 mL/L with 5 mmol/L
ammonium acetate and 0.1 mL/L acetic acid. The
flow rate of LC was 0.5 µL/min (10 min). All MS
measurements were obtained using an Agilent 6430
Triple-Quad MS system operating in positive ion mode.
Protonated gas-phase ions of the various phospholipid
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Table 1 Relative content of GM3, GD3 and GD1a gangliosides
in intestinal mucosa

GM3
GD3
GD1a

Control (BAP)
(n = 6)

Control (CRC)
(n = 12)

IBD
(n = 11)

Pooled
SEM

27.5a
26.3
38.0c

24.4a
39.4
31.7c

48.6b
31.4
11.6d

3.8
2.4
2.6

Table 2 Quantitative content GM3 and GD3 gangliosides in
intestinal mucosa
Control (BAP)
(n = 6)
GM3
μg/g tissue
μg/g protein
mg/mol PL
GD3
μg/g tissue
μg/g protein
mg/mol PL
GM3/GD3
Tissue
Protein
PL

Mean total GM3, GD3 and GD1a are reported as average relative percent
of total ganglioside within subject groups. Ganglioside species con
stituting less than 8% of total ganglioside are not listed (GT1a, GM1, GT3).
Superscript letters (c, d) denote differences (P < 0.01) among study groups;
Superscript letters (a, b) denote differences (P < 0.05) among study groups.
SEM: Standard error of the mean; CRC: Colorectal cancer; BAP: Benign
adenomatous polyposis; IBD: Inflammatory bowel disease.

species were obtained using electrospray ionization,
with the electrospray needle held at 4500 V. The MS
was operated in multiple reaction monitoring mode.
A library of theoretical precursor ions was generated
for PC and PE with various predicted fatty acid
compositions. The first quadruple mass filter was set
to scan for these specific precursor ions, allowing each
to sequentially pass into the hexapole collision cell
where ions were fragmented using collision induced
dissociation (CID). PC species readily undergo head
group specific fragmentation, so the second mass filter
was set to monitor m/z = 184. For PE species, which
fragment with the neutral loss of 141 mass units,
the second mass filter monitored the pre-cursor m/z
minus 141. The CID and ion source voltages for each
phospholipid class were optimized using the Agilent
Optimizer software. Data acquisition and analysis were
carried out using the Agilent Mass Hunter software
package.

Statistical analysis

Mean and pooled standard error of the mean are
presented for ganglioside and phospholipid content
of intestine and relative expression of HEXA and
NEU3. Unsaturation index (UI) of gangliosides and
[20]
phospholipids was computed as per previous study .
Ganglioside content, ganglioside catabolism and
phospholipid content were compared among study
groups using an ANOVA. Student’s t-test was used
to compare individual means across subjects groups.
Subjects with IBD were not stratified by drug intake as
[21]
corticosteroids
have not been observed to influence
glycosphingolipid metabolism and the small number
of subjects taking immunosuppressants and biological
agents stopped this therapy at least 30 d prior to
surgery. Some parent drug compound or metabolite
may still be present after 30 d. However, any effect of
parent drug compound or metabolite on ganglioside
metabolism is not believed to occur to any substantial
degree as adverse neurologic effects would likely be
detected due to the high abundance of ganglioside
in nervous tissues. The recruitment of Crohn colitis
and ileitis patients in this study is not believed to be
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Control (CRC)
IBD
(n = 12)
(n = 11)

Pooled
SEM

2.4a,b
62.3c,d
317.7

1.0a
19.2c
379.2

5.8b
77.8d
196.9

0.8
14.1
67.7

1.4
36.8
38.1

1.6
31.3
17.7

1.4
20.2
15.4

0.2
6.1
3.0

1.7a
1.8a
8.4a

1.4a
1.5a
19.3 b

5.6b
5.6b
20.1b

0.90
0.90
2.40

Mean total GM3, GD3 and GM3/GD3 content was standardized to wet
tissue weight, protein content or phospholipid and reported quantitatively
within subject groups. Superscript letters (a, b) denote differences (P < 0.05)
among study groups; Superscript letters (c, d) denote differences (P < 0.10)
among study groups. SEM: Standard error of the mean; CRC: Colorectal
cancer; BAP: Benign adenomatous polyposis; IBD: Inflammatory bowel
disease.

confounded by region of intestine with respect to
measures of ganglioside because previous study has
shown that the ratio of GD3 to GM3 ganglioside does
[22]
not differ between colon and small intestine . The
statistical methods of this study were reviewed by
John Miklavcic from The University of Alberta.

RESULTS
Ganglioside content of inflamed intestine

No difference was observed in content of gangliosides
between BAP and CRC control groups. Relative GM3
content was increased by 2-fold (P < 0.05) in IBD
intestine compared to BAP and CRC control groups.
Control intestine groups exhibited about 3-fold higher
GD1a content (P < 0.01) than IBD intestine (Table 1).
Total GM3 was 6-fold higher (P < 0.05) in IBD
intestine than CRC control intestine when standardized
to wet tissue weight and 4 fold-higher (P = 0.057)
when standardized to protein content of tissue. Total
GM3 did not differ between IBD and BAP control
groups when standardized to wet tissue weight,
protein content, or phospholipid content of tissue. Total
GD3 was 1.8-fold higher in BAP control intestine than
IBD intestine when standardized to protein content
of tissue and 2.5-fold higher when standardized
to phospholipid content of tissue (P > 0.05). Total
GD3 did not differ among subject groups when
standardized to wet tissue weight, protein content
or phospholipid content. The ratio of GM3/GD3 was
about 4-fold greater in IBD intestine than BAP control
intestine when standardized to wet weight of tissue (P
< 0.05) and protein content (P < 0.05) and 2.5-fold
greater (P < 0.05) when standardized to phospholipid
content of tissue. The ratio of GM3/GD3 was about 4
fold greater in IBD intestine than CRC control intestine
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A

Control (CRC)

IBD

Table 3 Relative content of unsaturated bonds in GM3, GD3
and GD1a gangliosides in intestinal mucosa

61 kDa
HEXA

Unsaturated Control (BAP) Control (CRC)
IBD
Pooled
Bonds
(n = 6)
(n = 12)
(n = 11) SEM

HEXA

37 kDa
GAPDH

NEU3

GAPDH

GAPDH

b

Control (CRC)

Relative enzyme level

2.77b
73.40
21.62
2.22
1.23

3.3a,b
68.34
25.24
3.10
1.28

0.41
1.30
1.05
0.21
0.07

GD3

0
1
2
3
UI

9.28
59.39c
28.28c
3.09c
1.25c

6.18
58.67c
32.98c
2.18c
1.31c

5.91
87.88d
6.21d
NDd
1.00d

1.18
2.91
2.45
0.30
0.17

GD1a

0
1
2
3
UI

5.32a,b
64.95c
26.21c
3.55c
1.28c

6.8a
59.26c
30.51c
3.43c
1.31c

3.11b
89.93d
8.06d
NDd
1.06d

0.68
3.05
2.44
0.44
0.17

IBD
Major classes of gangliosides stratified by number of unsaturated bonds
are reported as average relative percent of respective major ganglioside.
Superscript letters (a, b) denote differences (P < 0.05) among study groups;
Superscript letters (c, d) denote differences (P < 0.01) among study groups.
ND: Not detected; SEM: Standard error of the mean; CRC: Colorectal
cancer; BAP: Benign adenomatous polyposis; UI: Unsaturation index; IBD:
Inflammatory bowel disease.

0.2

a

0.1

Ganglioside composition of inflamed intestine

0.05

0

5.73a
69.96
21.86
2.45
1.21

NEU3

37 kDa

0.15

0
1
2
3
UI

GAPDH

48 kDa

B 0.25

GM3

HEXA

NEU3

Figure 2 Ganglioside catabolism enzymes beta-hexosaminidase A and
sialidase-3 are elevated in inflammatory bowel disease. Figure 2A shows
representative western blot of enzymes beta-hexosaminidase A (HEXA) and
sialidase-3 (NEU3) which regulate ganglioside catabolism (n = 16). Bars in Figure
2B report the mean protein density (with standard error bars) of intestinal HEXA
and NEU3 content expressed as a proportion relative to GAPDH (aP < 0.05, bP <
0.01 vs control). CRC: Colorectal cancer; GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase; IBD: Inflammatory bowel disease.

when standardized to wet weight of tissue (P < 0.05)
and protein content (P < 0.05) but did not differ when
standardized to phospholipid content of tissue (Table 2).

Ganglioside catabolism in inflamed intestine

Content of ganglioside catabolic enzymes HEXA and
NEU3 were measured in normal intestinal mucosa and
compared to intestinal mucosa from subjects with IBD
(Figure 2A). The mean relative expression of HEXA in
CRC and IBD groups was 0.06 (± 0.01) and 0.09 (±
0.03), respectively. The mean relative expression of
NEU3 in CRC and IBD groups was 0.02 (± 0.01) and
0.18 (± 0.03), respectively (Figure 2B). The mean
relative expression of HEXA in IBD exhibited 1.7-fold
increase (P < 0.05) in comparison to the control
intestine. The mean relative expression of NEU3 in IBD
was increased 8.3-fold (P < 0.01) vs the control group.
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IBD group exhibited less GD3 and GD1a (P < 0.01)
with 3 unsaturated bonds in the fatty acid ceramide
component than BAP and CRC control groups. IBD
intestine did not contain detectable levels of GD3 or
GD1a with a ceramide constituent composed of 3
unsaturated bonds. Control subjects exhibited about
5-fold greater GD3 (P < 0.01) with 2 unsaturated
bonds and about 3.5-fold greater GD1a (P < 0.01)
with 2 unsaturated bonds than subjects with IBD.
There was a corresponding 1.5-fold increase (P < 0.01)
in relative monounsaturated GD3 and GD1a content
in IBD intestine compared to control intestine (Table
3). The unsaturation indices of gangliosides GD3 and
GD1a were 1.3-fold higher in control intestine as
compared with inflamed intestine (P < 0.01).
There were about 3-fold increases (P < 0.01)
in monounsaturated content of GD3 and GD1a
ganglioside containing 34, 38 and 40 carbons within
ceramide of IBD intestine as compared to control
intestine. However, monounsaturated GD3 and GD1a
containing more than 40 carbons within ceramide was
not detected in IBD intestine (Table 4).

Phospholipid composition of inflamed intestine

There were no differences among subject group
intestine in PC containing zero, one or two unsa
turated bonds. Control subjects had about 1.5-fold
greater amount of PC (P < 0.05) with at least three
unsaturated bonds than subjects with IBD. The
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Table 4 Relative content of individual GM3, GD3 and GD1a
ganglioside species in intestinal mucosa
Ceramide Control (BAP) Control (CRC)
(n = 6)
(n = 12)
GD3

GD1a

Table 5 Unsaturated ceramide species of phosphatidylcholine
in intestinal mucosa
Unsaturated
Bonds

IBD
Pooled
(n = 11) SEM

43:0
34:1
36:1
38:1
40:1
42:1
40:2
42:2
42:3

8.4c
8.9c
2.4a
2.9c
14.2c
24.8c
1.0c
26.8c
3.1c

5.2c
8.2c
4.0a
3.9c
15.9c
22.0c
1.1c
31.8c
2.4c

NDd
20.2d
6.0b
10.8d
48.4d
NDd
3.67d
NDd
NDd

0.7
1.6
0.4
0.8
3.3
2.3
0.3
2.9
0.3

43:0
34:1
36:1
38:1
40:1
42:1
40:2
42:2
42:3

4.3c
6.5a
16.9
8.7c
13.1c
15.3c
2.0a
22.2c
3.5c

3.0c
3.1a
14.8
8.8c
13.9c
15.1c
1.7a
28.5c
3.4c

NDd
12.0b
24.0
19.3d
33.9d
NDd
4.3b
NDd
NDd

0.4
1.1
2.3
1.3
2.4
1.8
0.4
2.7
0.4

0
1
2
>2
UI

9.82
6.14
53.78
30.26a
2.33a

Control (CRC)
IBD
Pooled
(n = 12)
(n = 11) SEM
10.05
7.77
54.57
27.61a
2.27b

12.43
8.8
58.87
19.9b
2.06b

0.76
0.59
1.69
1.38
0.03

Mean relative content of phosphatidylcholine (PC) stratified by the
number of unsaturated bonds is presented. No significant differences
were observed in species of PE. Superscript letters (a, b) denote differences
(P < 0.05) among study groups. SEM: Standard error of the mean; CRC:
Colorectal cancer; BAP: Benign adenomatous polyposis; UI: Unsaturation
index; IBD: Inflammatory bowel disease.

Mean relative individual ganglioside species stratified by ceramide
composition are presented. Ceramide composition within ganglioside is
shown by the number of carbon atoms (34-43): number of unsaturated
bonds (0-3). Superscript letters (a, b) denote differences (P < 0.05) among
study groups; Superscript letters (c, d) denote differences (P < 0.01)
among study groups. ND: Not detected; SEM: Standard error of the
mean; CRC: Colorectal cancer; BAP: Benign adenomatous polyposis; IBD:
Inflammatory bowel disease.

unsaturation index of PC was about 15% higher (P =
0.01) in control intestine as compared with inflamed
intestine (Table 5). There was a trend towards greater
relative amount of PE with at least three unsaturated
bonds in control subjects than patients with IBD but
there was no significant difference among subject
groups (data).

DISCUSSION
The significance of this study resides in novel data
showing that ganglioside content and enzymatic
regulation of ganglioside metabolism differ between
IBD and healthy intestine. These observations suggest
an innovative hypothesis that altered ganglioside
metabolism is fundamental to the etiology of IBD and
these differences may impact intestinal barrier and
immunity functions altered in IBD. We propose that
increased ganglioside metabolism to produce specific
imbalance in gangliosides in intestinal mucosa is
fundamental to the etiology of IBD. This new paradigm
also suggests that remission could potentially
be achieved if increasing intake of appropriate
gangliosides restores normal ganglioside balance in
diseased intestine by reducing intestinal permeability
and enhancing intestinal barrier integrity.
The relative quantity of GM3 is increased and
content of GD1a is decreased in inflamed intestinal
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Control (BAP)
(n = 6)

mucosa from patients with IBD. HEXA is a lysosomal
enzyme that catalyzes conversion of GM2 to GM3 and
NEU3 is primarily located at the cell surface where it
catalyzes conversion of GD3 to GM3 and GD1a to GM1
(Figure 1). As it has not previously been measured
in the intestinal mucosa of patients with IBD, the
functional consequence of a two-fold increase in HEXA
content is unknown. The elevation in relative GM3
content and lower relative content of GD1a in IBD
(Table 1) is corroborated by the increases observed in
HEXA and NEU3 protein content in IBD intestine (Figure
2). The elevation in absolute GM3 content and GM3/
GD3 content (Table 2) is also explained by increased
NEU3 and possibly HEXA content supporting the
notion that increasing dietary GD3 intake may correct
the imbalance of altered ganglioside content and
potentially ameliorate burdensome disease processes
in IBD.
The relative and absolute abundance of GD3
was not different among study groups, however;
polyunsaturated (3 unsaturated bonds) GD3 species
were not detected in IBD intestine. In addition,
polyunsaturated GD1a species were also not detected
in IBD intestine (Table 3). Accordingly, NEU3 may
preferentially cleave species of GD3 and GD1a
that contain ceramide having a higher number of
unsaturated constituents. Similar modes of enzyme
specificity have been observed in the regulation
[23]
of essential fatty acids by desaturase enzymes .
Within ganglioside classes GD3 and GD1a, the relative
decrease in ceramide species containing 2 and 3
unsaturated bonds occurred in conjunction with a
relative increase in monounsaturated gangliosides
(Table 3).
An exact quantitative method for comparison of
ganglioside content in tissue has not been routinely
employed in lipid research. In the present study,
the relative content of ganglioside and content of
ganglioside standardized to wet tissue weight, protein
and phospholipid is presented. Standardizing measures
of ganglioside to tissue phospholipid content is limited
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as previous study has shown that phospholipid content
[24]
of tissue differs between healthy and IBD intestine .
Furthermore, presence of inflammatory infiltrate
may change wet tissue weight and protein content
in IBD as compared with healthy intestine. Finally,
standardization of ganglioside to nucleic acid content
was not attempted as DNA content varies among
[25]
region of intestine
and the present study utilized
intestinal specimens from multiple regions including
terminal ileum and/or colon. The study shows an
increased level of GM3 in IBD intestine which is
substantiated by the agreement among (1) relative
abundance of GM3; (2) quantitative measure and GM3
with respect to wet tissue weight and protein; and (3)
the ratio to GM3/GD3.
In probing individual ceramide species (Table 4),
there was higher relative content of monounsaturated
GD3 and GD1a ganglioside containing shorter ceramide
chains (< 41 carbons) in IBD intestine than control
intestine whereas GD3 and GD1a containing longer
ceramide chains (> 40 carbons) were not detected in
IBD intestine (Table 4). This might indicate that the
decrease in polyunsaturated constituents in either
the fatty acid or sphingosine positions of intestinal
gangliosides GD3 and GD1a in IBD may decrease
concurrently with long-chain monounsaturated
constituents in the corresponding sphingosine or
fatty acid position. The functional implications of the
corresponding fatty acid species which decreases
as a result of decreased polyunsaturated species in
either the phospholipid or ganglioside in IBD is not yet
understood, but is of interest in future investigation.
IBD intestine also exhibited decreased unsaturation
index of PC compared to control intestine (Table 5).
Patients with previous bowel resection were excluded
from recruitment as intestinal resection has been
associated with changes in phospholipid class and
[26]
composition . Evidence suggests that there is low
[27]
dietary intake of total PUFA in patients with IBD .
Results from the European Prospective Investigation
into Cancer and Nutrition study suggest that about
30% of UC cases could be attributed to very high
[28]
intakes of n-6 PUFA . Furthermore, mice harbouring
a mutation that enables production of n-3 fatty acids
from n-6 fatty acids have an increase in n-3 fatty acid
status in all tissues assessed including colon and have
longer colon length and decreased histological score
[29]
compared to wildtype mice . Patients with UC have
been shown to have an increase in saturated fatty
[24]
acids as a component of PC . The corresponding
decrease in relative content of n-3 PUFA status
may impede production of pro-resolving mediators
like resolvins and hinder subsequent resolution of
[30]
inflammation . This study demonstrates that the
differences in unsaturation index described in previous
study are not exclusive to specific phospholipid
classes but also include specific classes of ganglioside.
These studies suggest that patients with IBD may
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have higher n-6:n-3 fatty acid consumption and that
modulating n-3 PUFA content of intestinal ganglioside
and phospholipid may improve outcomes in IBD.
Intestinal permeability is mediated by tight junction
[31]
[32]
proteins
which are located primarily in lipid rafts .
Treatment with PUFA prevents displacement of tight
junction proteins from lipid rafts and attenuates
[17]
histological score in a rat model of colitis . Fur
thermore, low level of GD3 in intestinal mucosa is
[33]
associated with degradation of tight junction proteins
and increasing GD3 content of intestine reduces
degradation of tight junction proteins, thus improving
integrity and reducing intestinal permeability.
Membranes containing saturated ceramides form
gel domains and are more ordered than membranes
[34]
with the corresponding unsaturated ceramide .
Accordingly, gangliosides containing ceramides with
higher PUFA content localize to lipid rafts and form
[35]
the sealing elements of tight junctions . The sum of
evidence suggests that dietary ganglioside may have
positive effects on intestinal permeability as ganglioside
higher in polyunsaturated content locates primarily to
lipid rafts where interaction with proteins protect the
tight junction and support intestinal integrity which is
[17,31-35]
compromised in IBD
.
A role for the microbiome in gut health has been
[36]
proposed
but the precise mechanisms and modes
of action are largely unknown. Moreover, the influence
of specific bacteria residing in the gut or bacterial
enzymes on ganglioside metabolism is unknown. The
microbiome is transient and differs within and between
individuals on the basis of age, genetics, geography,
[37]
dietary intake and medication use . The microbiome
is arguably as diverse among healthy individuals as
it is between healthy and disease states. Whether
potential intestinal dysbiosis in IBD may be responsible
for aberration in ganglioside content and composition
of intestinal mucosa could not be discerned in the
present study and remains a challenge in future
research.
As healthy colon tissue may not be readily available
in sufficient quantity, the use of tissue excised from
surgeries or biopsy constitute a viable alternative
to serve for control comparison. Use of healthy
regions of tissue from patients with CRC requires
unique considerations. Inflammation may be present
in malignant tumours of the colon. To properly
distinguish the inflammatory phenotype of IBD from
control CRC tissue, CRC control tissue assayed in this
study was sampled at least 10 cm from tumour. This
sampling method was also believed to be sufficient
to avoid sampling gangliosides potentially altered
in tumour tissue. Anterior resection cases were
excluded as anterior resection of colorectal tumours
is often treated with radiotherapy prior to surgery.
Normal intestinal tissue from patients with familial
BAP however may more closely resemble that of
[38,39]
colon cancer than healthy colon
. Accordingly, this
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study assessed normal regions of excised intestine
from non-familial cases of BAP. Anterior resection
cases may be inappropriate for control comparison to
IBD intestine for the purposes of ganglioside analysis
since ganglioside content and exposure to radiation
[40]
are interrelated . Another possible region of control
comparison consists of healthy tissue in patients with
IBD as a measure of internal control. This strategy
was not employed in the present study however as
the level of inflammatory mediator like leukotriene
B4 generated from PUFA is similar between inflamed
[41]
tissue and adjacent-to-inflamed tissue ; thus the
classes of lipids of interest in this study were not
hypothesized to differ between inflamed and adjacentto-inflamed tissue.
Future study warrants comparison of IBD intestine
to other instances of intestinal inflammation (i.e.,
diverticulitis) to ascertain whether altered ganglioside
and phospholipid content and composition occur
generally in intestinal inflammation or whether these
findings are exclusive to IBD. This study benefits from
comparison of intestinal mucosa from patients with
IBD to two groups of healthy control intestine from
BAP and CRC participants and from the high correlation
between control intestine groups with respect to
relative ganglioside content (Table 1) and composition
(Table 3) and phospholipid composition (Table 5).
The present study demonstrates an elevation in
ganglioside catabolism and corresponding alteration
in ganglioside content of intestinal mucosa in
IBD. Moreover, ganglioside in healthy intestine is
characterized by a higher proportion of PUFA species.
Whereas in IBD intestine, polyunsaturated constituents
of gangliosides and phospholipids are lower or absent.
Collectively, the present study shows that metabolism
of specific gangliosides is altered at the level of
intestinal mucosa in IBD and that ganglioside may
constitute a bioavailable dietary treatment having
potential beneficial effects on intestinal permeability.

Research frontiers

In previous studies, the role of ganglioside in inflammation has been described
in animal models and infant intestine.

Innovations and breakthroughs

This is one of the first studies to demonstrate the presence of altered
ganglioside content, composition and metabolism in human intestinal mucosa
in patients with IBD.

Applications

The authors hypothesize that increased catabolism of ganglioside may precede
the perpetual pro-inflammatory cascade in IBD. The catabolism of ganglioside
may be mitigated or overcome by intake of appropriate dietary gangliosides to
induce remission of IBD. Future research spawned by the present study may
inform new dietetic practice and treatment guidelines for IBD.

Terminology

Gangliosides are glycosphingolipids consisting of ceramide, a fatty acid,
sugar moieties and one or more sialic acids. Gangliosides are ubiquitous
throughout the human body and influence a number of cellular processes:
infectivity of pathogens in the gut, regulation of specific immune cells, intestinal
inflammation. All of these processes are known to be altered in IBD.

Peer-review

This is an interesting study with well though experimental design. In this
manuscript, the authors investigate the difference in ganglioside catabolism
and unsaturation between patients with IBD and control patients without IBD.
They also investigate the differential content and composition of phospholipids
classes between the groups. This study is significant because previous studies
have only addressed this issue in animal models of colitis and in infants.
Detailed ganglioside and phospholipid composition has not been thoroughly
characterized in human intestinal mucosa.
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Abstract
AIM: To investigate the effects of broccoli sprout
extract (BSEx) on liver gene expression and acute liver
injury in the rat.
METHODS: First, the effects of BSEx on liver gene
expression were examined. Male rats were divided into
two groups. The Control group was fed the AIN-76 diet,
and the BSEx group was fed the AIN-76 diet containing
BSEx. After a 10-d feeding period, rats were sacrificed
and their livers were used for DNA microarray and realtime reverse transcription-polymerase chain reaction
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(RT-PCR) analyses. Next, the effects of BSEx on acute
liver injury were examined. In experiments using acute
liver injury models, 1000 mg/kg acetaminophen (APAP)
or 350 mg/kg D-galactosamine (D-GalN) was used to
induce injury. These male rats were divided into four
groups: Control, BSEx, Inducer (APAP or D-GalN), and
Inducer+BSEx. The feeding regimens were identical
for the two analyses. Twenty-four hours following APAP
administration via p.o. or D-GalN administration via
i.p., rats were sacrificed to determine serum aspartate
transaminase (AST) and alanine transaminase (ALT)
levels, hepatic glutathione (GSH) and thiobarbituric
acid-reactive substances accumulation and glutathioneS-transferase (GST) activity.
RESULTS: Microarray and real-time RT-PCR analyses
revealed that BSEx upregulated the expression
of genes related to detoxification and glutathione
synthesis in normal rat liver. The levels of AST (70.91
± 15.74 IU/mL vs 5614.41 ± 1997.83 IU/mL, p <
0.05) and ALT (11.78 ± 2.08 IU/mL vs 1297.71 ±
447.33 IU/mL, p < 0.05) were significantly suppressed
in the APAP + BSEx group compared with the APAP
group. The level of GSH (2.61 ± 0.75 nmol/g tissue
vs 1.66 ± 0.59 nmol/g tissue, p < 0.05) and liver GST
activity (93.19 ± 16.55 U/g tissue vs 51.90 ± 16.85
U/g tissue, p < 0.05) were significantly increased
in the APAP + BSEx group compared with the APAP
group. AST (4820.05 ± 3094.93 IU/mL vs 12465.63
± 3223.97 IU/mL, p < 0.05) and ALT (1808.95 ±
1014.04 IU/mL vs 3936.46 ± 777.52 IU/mL, p < 0.05)
levels were significantly suppressed in the D-GalN +
BSEx group compared with the D-GalN group, but the
levels of AST and ALT in the D-GalN + BSEx group
were higher than those in the APAP + BSEx group.
The level of GST activity was significantly increased in
the D-GalN + BSEx group compared with the D-GalN
group (98.04 ± 15.75 U/g tissue vs 53.15 ± 8.14 U/g
tissue, p < 0.05).
CONCLUSION: We demonstrated that BSEx protected
the liver from various types of xenobiotic substances
through induction of detoxification enzymes and
glutathione synthesis.
Key words: Broccoli sprout; Galactosamine; Acute liver
injury; Glucoraphanin; Sulforaphane; DNA microarray;
Acetaminophen
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this study was to investigate
the effects of broccoli sprout extract (BSEx) on gene
expression and acute liver injury in rat liver. Gene
expression analyses revealed that BSEx upregulated
the expression of genes related to detoxification
and glutathione synthesis. Experiments using acute
liver injury models revealed that BSEx suppressed
acetaminophen- and D-galactosamine-induced liver
injury and increased liver glutathione concentration
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and glutathione-S-transferase activity. These findings
suggest that consuming BSEx daily protected the liver
from various types of xenobiotic substances through
induction of detoxification enzymes and glutathione
synthesis.
Yoshida K, Ushida Y, Ishijima T, Suganuma H, Inakuma T, Yajima
N, Abe K, Nakai Y. Broccoli sprout extract induces detoxificationrelated gene expression and attenuates acute liver injury. World J
Gastroenterol 2015; 21(35): 10091-10103 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10091.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10091

INTRODUCTION
Many drug-metabolizing enzymes are expressed
in the liver, including phase Ⅰ enzymes, such as
cytochrome P450s (CYPs), and phase Ⅱ enzymes,
such as glutathione S-transferases (GSTs), UDPglucuronosyltransferases (UGTs), and sulfotransferases.
The phase Ⅰ enzymes, composed mainly of the CYP
supergene family, are involved in the oxidation and
hydroxylation of xenobiotics. Consequently, reactive
molecules, which may be more toxic than the parent
molecules, are produced. Phase Ⅱ enzymes convert
activated, hydrophobic xenobiotics into hydrophilic
forms via conjugation reactions with glutathione,
[1]
glucuronide, sulfate, and other molecules .
Sulforaphane (4-methylsulfinylbutyl isothiocyanate)
has been identified as the most potent naturally
[2-4]
occurring inducer of phase Ⅱ enzymes . Dietary
sulforaphane is known to protect against liver injuries
caused by carbon tetrachloride, intestinal ischemia
[5-7]
reperfusion, and cisplatin
. In these reports, the
ability of orally ingested sulforaphane to induce phase
Ⅱ detoxification enzymes was suggested as the basis
for protection from these injuries.
Sulforaphane is a metabolite of glucoraphanin,
a thioglycoside compound released upon chewing
[8]
or macerating cruciferous plants . Glucoraphanin is
hydrolyzed to sulforaphane by myrosinase, an enzyme
[9]
released when plant cells are damaged . Cruciferous
vegetables are a main source of glucoraphanin, and
several-day-old broccoli sprouts have 15-fold more
[2]
glucoraphanin than mature plants . Broccoli sprouts
have been reported to induce phase Ⅱ enzymes in
[2,10]
vitro and in vivo
. Moreover, interventional studies
have shown that dietary broccoli sprouts induce phase
[11]
Ⅱ enzymes and can modulate the excretion patterns
[12]
of aflatoxin . These reports show that detoxification
enzymes are induced by intake of broccoli sprouts in
vivo; however, few reports have evaluated the effects
of continuous ingestion of broccoli sprouts on liver
function.
DNA microarray technology has allowed us to
comprehensively analyze the expression of a large
[13]
number of genes in target cells or tissues . This
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The concentration of glucoraphanin in the BSEx diet
was adjusted to 340 mg/100 g diet, a concentration
based on pilot animal experiments using acute liver
injury models (unpublished results). The compositions
of the control and BSEx diets are described in Table 1.

Table 1 Compositions of AIN-76 and broccoli sprout diet
Ingredients

Control diet (AIN-76)

BSEx diet

25.00%
40.10%
20.00%
5.00%
3.50%
1.00%
0.40%
5.00%

25.00%
33.86%
20.00%
5.00%
3.50%
1.00%
0.40%
5.00%

-

0.34%
5.90%

Casein
Cornstarch
Sucrose
Corn oil
Mineral mixture
Vitamin mixture
Choline bitartrate
Cellulose
BSEx
Glucoraphanin
Others

DNA microarray analysis

Others include unknown compounds such as protein, fiber, sugar, fat, etc.

technology has been used to study how administration
of sulforaphane modulates gene expression in animal
[14,15]
liver
. To our knowledge, there have been no reports
showing a detailed analysis of daily administration of
dietary broccoli sprouts on liver gene expression.
In this study, we used DNA microarray and realtime reverse transcription-polymerase chain reaction
(RT-PCR) analyses to investigate the effects of broccoli
sprout extract (BSEx) on gene expression in rat liver.
Moreover, we investigated the effects of BSEx on
the intoxication produced by acetaminophen (APAP)
and D-galactosamine (D-GalN), which are model
compounds for drug-induced liver injury and virus[16]
induced liver injury, respectively .

MATERIALS AND METHODS
Preparation of BSEx diet

It was reported that glucoraphanin content in broccoli
sprout at the early stage of germination (within 24 h)
was almost same as the glucoraphanin content at 72
[17]
h of germination . Therefore, BSEx was industrially
processed using 1-d-old broccoli sprouts to conduct
experiments in a short period. Briefly, the broccoli
sprouts were extracted with water at 95 ℃ for 1 h to
remove erucic acid, which has been reported to be a
[18]
potential risk factor for heart disease . The extract
was concentrated to concentrate the glucoraphanin
content up to approximately 10 times (54.45 mg/g)
using a centrifugal thin film vacuum evaporator. Finally,
the concentrated extract was sterilized by filtration
through MF-Millipore filters (EMD Millipore, Billerica,
MA, United States), packed in plastic bags, and stored
at -20 ℃ until use.
The BSEx diet was prepared based on the
composition of the AIN-76 diet, not of the AIN-93
diet. This is because tert-butylhydroquinone, which is
a constituent of AIN-93, is known as a representative
inducer of drug-metabolizing enzymes. We used
AIN-76, which does not contain tert-butylhydroquinone,
to more precisely evaluate the effects of BSEx on the
liver detoxification system. The amount of cornstarch
contained in the AIN-76 diet was replaced with BSEx.
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Specific pathogen-free, 7-wk-old male Wistar rats
were purchased from Japan SLC (Hamamatsu, Japan).
They were housed at 20 ℃-24 ℃ and 45%-65%
humidity in an animal laboratory with a 12-h light/
12-h dark cycle timed from 7:00 AM. They were fed
a normal commercial diet (CE-2; CLEA Japan, Tokyo,
Japan) and sterile water during the 5-d acclimatization
period before the experiment. The Animal Care
and Use Committee of the Institute of Kagome
Company Limited approved all protocols, which were
in accordance with the guidelines established by the
Japanese Society of Nutrition and Food Science (Law
and Notification 6 of the Japanese Government).
Animals were divided into two groups with similar
average body weights. Each group was composed of
six rats; the Control group was fed the AIN-76 diet,
and the BSEx group was fed the BSEx diet. After a
10-d feeding period, rats were sacrificed and their
livers were immediately frozen in liquid nitrogen and
stored at -80 ℃ until DNA microarray and real time RTPCR processing.
Four rats from each group, whose final body weights
and relative liver weights approximated the mean
values for the six rats in each group, were selected for
further DNA microarray analysis. Approximately 50 mg
of liver was homogenized in TRIzol reagent (Invitrogen,
Carlsbad, CA, United States). Total RNA was isolated
from each liver according to the manufacturer’s
instructions and purified using the RNeasy Plus Mini Kit
(Qiagen, Hilden, Germany). The quality and quantity
were evaluated by agarose gel electrophoresis and
spectrophotometry, respectively. Total RNA from
individual samples was analyzed by DNA microarray
[19]
as previously described . Briefly, 100 ng of purified
total RNA was used to synthesize complementary
DNA, and then biotinylated amplified RNA (aRNA)
was transcribed using the GeneChip 3’ IVT Express Kit
(Affymetrix, Santa Clara, CA, United States). aRNA
was fragmented and then hybridized to an Affymetrix
GeneChip rat genome 230 2.0 array. The array was
hybridized at 45 ℃ for 16 h, and then washed and
stained with phycoerythrin. Fluorescence signals were
scanned with the Affymetrix GeneChip System, and
Affymetrix GeneChip Command Console software was
used to reduce the images to the intensity values for
each probe (CEL files).

Real-time RT-PCR analysis

Six rats from each group were used for real-time
RT-PCR analysis. Approximately 50 mg of liver was
homogenized in TRIzol reagent and total RNA, which
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Control and BSEx groups were orally administered 1%
methylcellulose.
For the experiment using the D-GalN-induced
liver injury model, 36 male Wistar rats aged 7 wk
were purchased from Japan SLC. Acclimatization was
performed as described in DNA microarray analysis.
After the acclimatization period, rats were divided
into Control (n = 6), BSEx (n = 6), D-GalN (n = 12)
and D-GalN + BSEx (n = 12) groups. The method
of feeding was as described above. Liver injury was
induced in the D-GalN and D-GalN + BSEx groups by
intraperitoneal administration of 350 mg/kg D-GalN
dissolved in saline. The Control and BSEx groups were
intraperitoneally administered saline.
Twenty-four hours following administration of the
inducers and vehicles, rats were anaesthetized and
blood and livers were collected. Serum samples were
separated by centrifugation at 2000 g for 10 min and
tested for aspartate transaminase (AST) and alanine
transaminase (ALT). Livers were washed with saline
and immediately stored at -80 ℃ for further analyses.

Table 2 Primers used for real-time polymerase chain reaction
analysis
Gene symbol
Rpl10a
Arbp
Rpl15
Rps16
Rpl3
Rps18
Rps3
Cyp1a2
Gstm1
Gclc
Gsta3
Gstt3
Gstp1

Sequence (5'→3')
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

GAAGAAGGTGCTGTGTTTGGC
TCGGTCATCTTCACGTGGC
GGCGACCTGGAAGTCCAACTA
CATTGTCTGCTCCCACAATGAA
GCTTTAGTAGCAGCTGGTGTGTGA
ACCCAAGACGAATTGATTGGAA
TCCAAGGGTCCGCTGCAGTC
CGTTCACCTTGATGAGCCCATT
TGTATTGGAGCTTGGCATCCTG
ACCATCCTTGATGAGGTAGCCTTG
AAGTTTCAGCACATCCAGCGAGTA
TTGGTGAGGTCAATGTCTGCTTTC
GATCATGTGAGCATTGTGGAACCTA
CTCCAGATGCAGCTGCCAAG
TCAACCTCGTGAAGAGCAGCA
GTCCTGGATACTGTTCTTGTTGAAGTC
TTCGTGCAGACATTGTGGAGA
CTTGCCCAGGAACTCAGAGTAGA
GTGGACACCCGATGCAGTATTC
CATCCACCTGGCAACAGTCATTAG
AATAGGCTGAGCAGGGCTGATG
GGTTGCTGACTCTGGTTCTCAGG
ATGCCTTTGCCCAGGTGAAC
GTGTGCTGCCAAGCCAGGTA
GAGGACCTTCGATGCAAATATGGTA
CTGGGACAGCAGGGTCTCAA

Serum profiling

is treated with DNase, was isolated from each liver.
The quantity was measured by spectrophotometry
and cDNA was prepared from 2 µg of the total RNA.
Real-time RT-PCR was performed with SYBR Premix Ex
Taq Ⅱ (Takara Bio, Otsu, Japan) and the 7900HT Fast
Real-Time PCR System (Applied Biosystems, Tokyo,
Japan). After denaturing at 95 ℃ for 30 s, PCR was
performed with 40 cycles of denaturing at 95 ℃ for 5
s, annealing at 60 ℃ for 30 s, and dissociation at 95 ℃
for 15 s, followed by 60 ℃ for 60 s and 95 ℃ for 15 s.
The expression of each gene was normalized to that of
β-actin mRNA. The sequence of each primer is shown
in Table 2. The concentration of each primer used in
real-time PCR was 0.4 µmol/L.

Experimental design using acute liver injury model

We used two types of acute liver injury models, APAP[16]
and D-GalN-induced liver injury . APAP and D-GalN
were purchased from Sigma-Aldrich (St. Louis, MO,
United States). For the experiment using the APAPinduced liver injury model, 34 male Wistar rats aged
6 wk were purchased from Japan SLC. Acclimatization
was performed as described in DNA microarray
analysis. After the acclimatization period, rats were
divided into Control (n = 6), BSEx (n = 8), APAP (n
= 10), and APAP + BSEx (n = 10) groups. Control
and APAP groups were fed the AIN-76 diet, and the
BSEx and APAP + BSEx groups were fed the BSEx
diet for 10 d. Liver injury was induced in the APAP and
APAP + BSEx groups by oral administration of 1000
mg/kg APAP dissolved in 1% methylcellulose. The
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Plasma AST and ALT levels were determined using
a commercially available analytical kit (Wako Pure
Chemical Industries, Osaka, Japan). Approximately
100 mg of liver was homogenized with 0.5-1.0 mL
of 5% 5-sulfosalicylic acid, and hepatic glutathione
(GSH) concentration was determined by a commercial
kit (Dojindo Molecular Technologies, Kumamoto,
Japan). Hepatic GST activity was measured according
[20]
to the method of Habig et al . Approximately 0.5
g of liver was homogenized with 10 volumes of 0.1
mol/L potassium phosphate buffer (pH 7.4), and the
supernatant was collected. Five-hundred microliters
of 0.2 mol/L potassium phosphate, 100 µL of 10
mmol/L GSH, and 100 µL of 10 mmol/L 1-chloro2,4-dinitrobenzene (CDNB) were added to 100 µL
of supernatant. GST activity was determined by
monitoring the absorbance at 340 nm for 3 min.
Hepatic thiobarbituric acid-reactive substances (TBARS)
were measured according to the method of Kikugawa
[21]
et al . Approximately 0.5 g of liver was homogenized
with 9 volumes of 10 mmol/L Tris-HCl (pH 7.4). The
liver homogenate (200 µL) was mixed with 650 µL of
extraction reagent (0.2 mL of 5.2% sodium dodecyl
sulfate (SDS), 50 µL of 0.8% butylated hydroxytoluene
in glacial acetic acid, 1.5 mL of 0.8% TBA, 1.7 mL of
water) and 150 µL of 20% acetate buffer to a final
volume of 1.0 mL. The mixture was heated at 100 ℃
for 60 min, cooled to room temperature, and extracted
with 1.0 mL of a mixture of 1-butanol/pyridine
(15:1, v/v). TBARS concentration was determined by
measuring the absorbance at 532 nm of the extract.

Statistical analysis

CEL files were quantified with the Factor Analysis
for Robust Microarray Summarization (FARMS)

10094

September 21, 2015|Volume 21|Issue 35|

Yoshida K et al . Broccoli sprout extract's hepatoprotective effect
[22]

[23]

algorithm
using the statistical language R
and
[24]
Bioconductor . To detect the differentially expressed
genes between the Control and BSEx groups, the
[25]
rank products (RP) method was used . RP offers
several advantages over linear modeling, including a
biologically intuitive fold-change criterion; this model
contains fewer assumptions and increased performance
[26]
with noisy data and/or low numbers of replicates . A
recent study revealed that the combination of the RP
method and the FARMS with quantile normalization
(qFARMS) preprocessing algorithm is one of the best
combinations for accurately detecting differentially
[27]
expressed genes , and these were applied to our
microarray data. Functional classification of the
differentially expressed genes according to Biological
Process in Gene Ontology (GO) and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
were performed using the Database for Annotation,
[28]
Visualization, and Integrated Discovery (DAVID) ,
a web-accessible program, in accordance with the
manuals available from the website (http://david.
abcc.ncifcrf.gov/home.jsp). Enrichment analyses were
performed based on EASE score, a modified Fisher’s
[29]
exact P value with the Benjamini and Hochberg false
[30]
discovery rate corrections .
[31]
Ingenuity Pathway Analysis (IPA)
was used
to search for canonical pathways. IPA is software
licensed by Ingenuity Systems (Redwood City, CA,
United States) and is a commercial tool based on an
appropriate database to facilitate the identification of
biological themes in microarray gene expression data.
IPA uses a right-tailed Fisher’s exact test to calculate a
P value determining the probability that each biological
function, canonical pathway, or transcriptional network
assigned to the dataset is due to chance alone. A
data set containing only the IDs of the significantly
upregulated genes was uploaded as a tab-delimited
text file into the Ingenuity software.
Statistical analysis to compare gene expression
by real-time RT-PCR analysis was performed by
Student’s t-test. Statistical analysis to compare body
and liver weights, and blood and liver parameters
was performed by the Tukey-Kramer method using
SPSS 15.0 for Windows (SPSS Japan, Tokyo, Japan).
Differences were considered significant at p < 0.05.

RESULTS
DNA microarray analysis

BSEx had no effect on the amount of dietary intake
in rats (data not shown). In DNA microarray analysis,
genes showing a false discovery rate (FDR) of less
than 0.05 between the Control and BSEx groups
were defined as differentially expressed genes. The
RP method combined with a qFARMS preprocessing
algorithm revealed 403 upregulated and 515 down
regulated probe sets in the group fed the BSEx diet. Of
those, overlapping probe sets and probe sets lacking
defined gene titles were removed, resulting in 356
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upregulated genes and 426 downregulated genes that
were identified.
Using DAVID, the differentially expressed genes
induced by intake of the BSEx diet were classified
into functional categories according to GO. The
significantly enriched categories of genes that were
up- or downregulated by the intake of BSEx diet are
summarized in Figures 1 and 2, respectively. The GO
classes upregulated by BSEx were ranked according
to the P value of each GO class as follows: “translation
elongation”, “response to organic substance”, “response
to wounding”, “response to inorganic substance”,
“response to external stimulus”, and “ribosome
biogenesis” (Figure 1). Similarly, the GO classes
downregulated by BSEx were ranked as follows:
“carboxylic acid metabolic process”, “lipid metabolic
process”, “alcohol metabolic process”, “response to
organic substance”, “coenzyme metabolic process”,
and “glucose metabolic process” (Figure 2).
The KEGG analysis identified functional classes
of the differentially expressed genes. The up- and
downregulated genes fell into significantly enriched
KEGG pathways [three for the upregulated genes and
eighteen for the downregulated genes (Table 3)]. The
KEGG classes upregulated by BSEx were “Ribosome”,
“Metabolism of xenobiotics by cytochrome P450”
and “Drug metabolism”. The KEGG class “Ribosome”
included about 40 kinds of genes encoding ribosomal
proteins. The KEGG classes “Metabolism of xenobiotics
by cytochrome P450” and “Drug metabolism” included
genes encoding phase Ⅰ and Ⅱ detoxification enzymes,
such as Cyps, Gsts, and Ugts. The KEGG classes
downregulated by BSEx contained pathways related to
lipid and carbohydrate metabolism.

Ingenuity pathway analysis

The 356 upregulated genes were imported into the IPA
software to identify biological networks and pathways.
Fifteen highly significant canonical pathways with a
score of p < 0.05 were identified from the 356 genes
upregulated by intake of the BSEx diet. As shown in
Table 4, this analysis validated EIF2 signaling, regulation
of eIF4 and p70S6K signaling, and mTOR signaling as
major pathways in the first network. These included
genes that encoded ribosomal proteins. As shown
in Table 4, at least 6 of the 15 significant canonical
pathways were related to xenobiotic metabolism,
including NRF2-mediated oxidative stress response,
metabolism of xenobiotics by cytochrome P450,
glutathione metabolism, aryl hydrocarbon receptor
signaling, xenobiotic metabolism signaling and pentose
and glucuronate interconversions. These included genes
that are involved in phase Ⅰ and Ⅱ detoxification and
glutathione metabolism such as Cyp1a2, Gsts, Usts,
Akrs and Gclc.

Real-time RT-PCR analysis

DNA microarray analysis and IPA revealed that the
expression of genes related to protein synthesis,
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GO ID
0008152

GO term
Metabolic process
1

0051186

Cofactor metabolic process

0042180

Cellular ketone metabolic process

0019752

Carboxylic acid metabolic process

0006575

1

Cellular amino acid derivative metabolic process

1

No. of genes

FDR-corrected P value

176

2.44 × 10

-7

-2

13

4.54 × 10

26

1.66 × 10

25

2.65 × 10

12

3.49 × 10

-2
-2
-2
-2

0006807

Nitrogen compound metabolic process

67

2.91 × 10

0019538

Protein metabolic process

81

6.40 × 10

0006412

Translation
1

0006414
0071840
0042254
0042273
0042274
0006364
0032502
0048513

Translation elongation
Ribosome biogenesis

0050896
0009628
0042221
0010035

-34

7.21 × 10

4

2.12 × 10

1

7

2.15 × 10

10

6.95 × 10

84

8.83 × 10

1

rRNA processing
Developmental process
Organ development

1
1

Tissue development
1

Epithelial cell differentiation
Muscle cell differentiation

Striated muscle cell development

-5

13

Ribosomal small subunit biogenesis

Respiratory tube development

0055002

9.81 × 10

1

Ribosomal large subunit biogenesis

0030323

0042692

6.25 × 10

38

Cellular component organization or biogenesis

Liver development

0030855

45
2

0001889
0009888

-3

-15

1

Response to stimulus
1

Response to abiotic stimulus

-2
-5
-4
-3

-4

63

7.72 × 10

8

2.82 × 10

10

2.81 × 10

-2
-2

-4

33

7.37 × 10

10

2.51 × 10

11

1.30 × 10

-2
-2
-2

7

3.47 × 10

110

3.65 × 10

21

2.14 × 10

23

1.72 × 10

-2
-2

2

Response to chemical stimulus

Response to inorganic substance
1

0010038

Response to metal ion

0042493

Response to drug

0010033

Response to organic substance

0009725

1

Response to hormone stimulus

0048545

Response to steroid hormone stimulus
1

0051384

Response to glucocorticoid stimulus
1

-5

-4

16

7.65 × 10

18

3.01 × 10

52

2.39 × 10

26

8.85 × 10

20

2.00 × 10

11

1.66 × 10

-2
-7
-3
-3
-2

-5

0009605

Response to external stimulus

42

6.71 × 10

0006950

Response to stress

61

2.11 × 10

32

9.51 × 10

12

4.39 × 10

19

1.62 × 10

0009611

Response to wounding

0042060

Wound healing

0006954

Inflammatory response

1

0002526
0002376
0019724
0006958
0019882
0002495
0002682
0050776
0065007

Acute inflammatory response
Immune system process

1

-7

-2
-4

-6

15

1.72 × 10

8

6.61 × 10

5

2.83 × 10

5

1.03 × 10

25

3.31 × 10

15

1.56 × 10

15

3.46 × 10

64

1.33 × 10

18

3.55 × 10

18

3.22 × 10

6

2.98 × 10

5

2.83 × 10

2

B cell mediated immunity
Complement activation, classical pathway

1

-3
-2

2

Antigen processing and presentation

1

Antigen processing and presentation of peptide antigen via MHC class II
Regulation of immune system process
Regulation of immune response

1

-2
-4
-2

2

Biological regulation

1

0051726

Regulation of cell cycle

0048518

Positive regulation of biological process

0010942

Positive regulation of cell death
1

0043065

Positive regulation of apoptosis

0045639

Positive regulation of myeloid cell differentiation

0002763
0065008

-5

Positive regulation of myeloid leukocyte differentiation
Regulation of biological quality

1

-2
-2
-2
-2
-2
-2
-2

50

1.28 × 10

1

7

2.76 × 10

1

54

3.61 × 10

0034101

Erythrocyte homeostasis

0048519

Negative regulation of biological process

-2
-2

Figure 1 Significantly enriched Gene Ontology (GO) terms found in the upregulated genes induced by broccoli sprout extract (P < 0.05). 1GO term with no P
value indicates the absence of significance; 2GO terms appearing in the deepest hierarchy.
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GO ID
0008152
0044238
0006629

GO terms
Metabolic process
Primary metabolic process
Lipid metabolic process

0008202

Steroid biosynthetic process

0008610

Lipid biosynthetic process

0044255

Cellular lipid metabolic process

0006641

1

Triglyceride metabolic process

0006631

1

Fatty acid metabolic process

0019395

Fatty acid oxidation
1

0006635

Fatty acid beta-oxidation
1

0009062

Fatty acid catabolic process

0001676

Long-chain fatty acid metabolic process

0005975

Carbohydrate metabolic process

0006006

Glucose metabolic process
Small molecule metabolic process

0006766

Vitamin metabolic process

0006066

Alcohol metabolic process

0019752

4.24 × 10

58

1.33 × 10

12

3.02 × 10

-3

-6
-20
-6

-22

40

3.39 × 10

15

1.39 × 10

11

8.03 × 10

14

3.77 × 10

7

2.18 × 10

29

1.37 × 10

19

3.62 × 10

-10
-8

-10
-4
-3
-5

1.73 × 10

1

Carboxylic acid biosynthetic process

1

1

Acetyl-CoA metabolic process
Cellular hormone metabolic process

1

1

Generation of precursor metabolites and energy
2

Response to stimulus

1

-3

-11

-9

-31

75

3.78 × 10

10

2.86 × 10

-5

-6

19

3.78 × 10

20

6.22 × 10

7

5.33 × 10

19

9.64 × 10

10

2.32 × 10

10

1.49 × 10

18

5.98 × 10

-5
-3
-6
-5
-3
-3

113
1

0031667

Response to nutrient levels

0010033

Response to organic substance

0042493

26

179

Cofactor metabolic process

Response to hormone stimulus
1

0043434

5.09 × 10

6.41 × 10

Coenzyme metabolic process

0009725

-9

7.11 × 10

10

2.28 × 10

0006732

0050896

1.78 × 10

24

41

Cofactor catabolic process

0006091

1

-6

-28

10

0051187

0034754

1.12 × 10

1

Dicarboxylic acid metabolic process

0006084

177

-14

1

Carboxylic acid metabolic process

0046394
0051186

1

Cellular metabolic process

0043648

2.82 × 10

2

0044281

0044237

FDR-corrected P value

219
79

Steroid metabolic process

0006694

No. of genes

Response to peptide hormone stimulus
Response to drug

1

-3

20

5.39 × 10

56

3.22 × 10

32

3.99 × 10

17

8.14 × 10

24

6.31 × 10

-7
-4
-3
-4

Figure 2 Significantly enriched Gene Ontology terms found in the downregulated genes induced by broccoli sprout extract (P < 0.05). 1Gene Ontology (GO)
term with no P value indicates the absence of significance; 2GO terms appearing in the deepest hierarchy.

xenobiotic metabolism, and glutathione metabolism
were upregulated by BSEx. Therefore, we analyzed
expression of these genes by real-time RT-PCR analysis.
One sample in the BSEx group showed abnormal
expression of β-actin and was eliminated from the
analysis. Table 5 shows FDR-corrected P values and
the real-time RT-PCR results. Among 7 genes related
to ribosomal proteins showing FDR < 0.01 in the
microarray analysis, only the expression of Rps3 was
significantly (p < 0.05) increased in the BSEx group and
the expression of other genes was not increased. On
the other hand, among 6 genes related to xenobiotic
and glutathione metabolism, the expression of Cyp1a2,
Gclc and Gsta3 were significantly (p < 0.01, 0.05 and
0.05, respectively) increased in the BSEx group.

Effects of BSEx on APAP- and D-GalN-induced liver
injuries

BSEx had no effect on the amount of dietary intake
in rats (data not shown). The levels of body weight
gain after APAP administration, liver weight, liver/
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body weight, and GSH were significantly decreased
in the APAP group compared with the Control group.
Decreases in these parameters in the APAP group
were significantly reduced in the APAP + BSEx group.
The levels of AST, ALT, and TBARS were significantly
increased in the APAP group compared with the
Control group. Increases in these parameters in the
APAP group were significantly suppressed in the APAP
+ BSEx group (Table 6).
The levels of body weight gain after D-GalN admini
stration, liver weight, liver/body weight, and GST
activity were significantly decreased in the D-GalN
group compared with the Control group. Decreases in
these parameters in the D-GalN group were significantly
reduced in the D-GalN + BSEx group. The levels of
AST, ALT, and TBARS were significantly increased in
the D-GalN group compared with the Control group.
Increases in AST and ALT in the D-GalN group were
significantly suppressed in the D-GalN + BSEx group,
but the levels of AST and ALT were much higher than
that in the APAP+BSEx. Increases in TBARS was not
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Table 3 Significantly enriched Kyoto Encyclopedia of Genes and Genomes pathway found in the differentially expressed genes by
broccoli sprout extract (P < 0.05)

Up-regulated

Down-regulated

KEGG ID

Pathway

FDR-corrected P value

rno03010
rno00980
rno00982
rno00071
rno03320
rno00280
rno00620
rno01040
rno00650
rno00830
rno00982
rno00640
rno00020
rno00120
rno00140
rno00561
rno00010
rno00380
rno00983
rno00500
rno00980

Ribosome
Metabolism of xenobiotics by cytochrome P450
Drug metabolism
Fatty acid metabolism
PPAR signaling pathway
Valine, leucine and isoleucine degradation
Pyruvate metabolism
Biosynthesis of unsaturated fatty acids
Butanoate metabolism
Retinol metabolism
Drug metabolism
Propanoate metabolism
Citrate cycle (TCA cycle)
Primary bile acid biosynthesis
Steroid hormone biosynthesis
Glycerolipid metabolism
Glycolysis/gluconeogenesis
Tryptophan metabolism
Drug metabolism
Starch and sucrose metabolism
Metabolism of xenobiotics by cytochrome P450

3.97 × 10-43
0.001186149
0.004009591
2.42 × 10-17
2.42 × 10-12
5.75 × 10-8
8.79 × 10-7
8.34 × 10-7
1.21 × 10-6
5.97 × 10-6
7.15 × 10-6
1.06 × 10-5
4.94 × 10-5
5.63 × 10-5
7.09 × 10-4
7.78 × 10-4
0.003660561
0.003952492
0.004286518
0.009275005
0.024561245

FDR: False discovery rate.

Table 4 Significant canonical pathways (P < 0.05) in upregulated genes induced by broccoli sprout extract
-log(B-H P value)

Ratio

Molecules

EIF2 signaling

22.5

0.1830

Regulation of eIF4 and p70S6K Signaling

7.57

0.1150

mTOR Signaling

6.49

0.1000

Nrf2-mediated oxidative stress response

3.85

0.0890

Metabolism of xenobiotics by cytochrome P450

3.84

0.0612

Glutathione metabolism
Arachidonic acid metabolism

2.88
2.09

0.0899
0.0485

Acute phase response signaling

2.00

0.0734

B cell development
Aryl hydrocarbon receptor signaling

1.78
1.72

0.1210
0.0692

ERK/MAPK Signaling

1.56

0.0588

Xenobiotic metabolism signaling

1.56

0.0508

Eicosanoid signaling
Complement system
Pentose and glucuronate interconversions

1.56
1.56
1.56

0.0759
0.1430
0.0352

RPL18, RPL14, RPLP0, RPL7, Rpl7a, RPL41, RPS4X, RPS12,
RPL22L1, RPL31, RPS26, RPS13, RPL15, RPS16, RPS7, RPS19,
RPS6, RPS15A, RPL11, RPS2, RPS5, RPL26, RPS18, RPL34,
RPSA, RPL13, Gm11425, RPS9, RPS3, RPS23, RPL23A, RPL27A,
RPS8, RPL18A, RPS11, RPL3, RPLP2
RPS18, RPS12, RPS4X, RPS26, RPS13, RPSA, RPS3, RPS16,
RPS9, RPS7, RPS23, PPP2CA, RPS19, RPS6, RPS8, ITGB1,
RPS15A, RPS11, RPS2, RPS5
RND3, RPS18, RPS12, RPS4X, HMOX1, RPS26, RPS13, RPSA,
RPS3, RPS16, RPS9, RPS7, RPS23, PPP2CA, RPS19, RPS6,
RPS8, RPS15A, RPS11, RPS2, RPS5
GPX2, GSTM5, ACTG1, AKR1A1, GCLC, HSPB8, GSTP1, GSTA1,
HMOX1, GSTM1, FTL, JUN, EPHX1, NFE2L2, AKR7A3, ACTB, NQO1
GSTM5, GSTM1, Gstt3, CYP2B6, AKR1A1, UGT2B15, Cyp2c40,
CYP1A2, GSTP1, GSTA1, AKR1C3, UGT2B4
GPX2, GSTM5, GSTM1, Gstt3, GCLC, PRDX6, GSTP1, GSTA1
GPX2, LTC4S, CYP2B6, CYP4A22, PRDX6, PLA2G2A, Cyp2c40,
PLA2G16, CYP1A2, AKR1C3
APOA1, A2M, C4BPA, SERPINA3, RBP7, C4B, HMOX1,
ORM1/ORM2, C4BPB, FTL, JUN, HP, HPX
HLA-DMA, HLA-DRB1, HLA-DRA, HLA-DMB
HSPB1, GSTM5, GSTM1, MYC, RARB, JUN, NFE2L2, CYP1A2,
GSTP1, NQO1, GSTA1
HSPB1, DUSP1, MYC, YWHAZ, PPP2CA, PRKAR2A, YWHAG,
DUSP6, PLA2G2A, ITGB1, PPP1R3C, ETS1
GSTM5, CYP2B6, GCLC, UGT2B15, CYP1A2, GSTP1, GSTA1,
HMOX1, GSTM1, FTL, PPP2CA, NFE2L2, FMO5, NQO1, UGT2B4
LTC4S, PTGER3, PRDX6, PLA2G2A, PLA2G16, AKR1C3
C4BPB, C6, C4BPA, C4B, C1QB
AKR1A1, UGT2B15, AKR7A3, AKR1C3, UGT2B4

Ingenuity canonical pathways

WJG|www.wjgnet.com

10098

September 21, 2015|Volume 21|Issue 35|

Yoshida K et al . Broccoli sprout extract's hepatoprotective effect
Table 5 Relative mRNA levels of genes related to ribosome
and xenobiotic/glutathione metabolism in the rat liver
Gene symbol

FDR-corrected
P value

Control
Mean

Ribosome
Rpl10a
0.0018
Arbp
0.0056
Rpl15
0.0058
Rps16
0.0058
Rpl3
0.0068
Rps18
0.0086
Rps3
0.0096
Xenobiotic/glutathione metabolism
Cyp1a2
< 0.0001
Gstm1
< 0.0001
Gclc
0.0014
Gsta3
0.0018
Gstt3
0.0018
Gstp1
0.0287

BSEx

SD

Mean

SD

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.06
0.13
0.14
0.11
0.12
0.06
0.05

0.82b
0.86
0.80
0.75a
1.07
1.00
1.34a

0.05
0.24
0.23
0.18
0.20
0.17
0.27

1.00
1.00
1.00
1.00
1.00
1.00

0.32
0.13
0.06
0.13
0.19
0.14

2.43b
1.23
1.32a
1.58a
1.03
0.94

0.66
0.30
0.23
0.43
0.05
0.30

P < 0.05, bP < 0.01 vs control group.

a

significantly suppressed (Table 7).

DISCUSSION
DNA microarray technology has been used for
comprehensive analysis of gene expression changes
induced by food or food components in target cells
or tissues. We examined the effects of continuous
ingestion of BSEx on comprehensive gene expression
in normal rats and found that the expression of
genes involved in phase Ⅰ and Ⅱ detoxification and
glutathione synthesis were upregulated. Also, BSEx
protected liver from APAP- and D-GalN-induced injury.
In the previous study, mice consuming the broccoli
sprout extract-containing diet gained significantly less
weight than mice consuming the normal diets and the
reason is thought that the bitter flavor imparted by the
broccoli sprout extract may have resulted in decreased
[32]
consumption compared to the normal diet . However,
we show no decrease (Tables 6 and 7) of weight gain
in the animals fed with BSEx diet, with no difference in
food consumption (data not shown). We think that the
following two factors are related with the controversy.
The first one is the extraction temperature. In the
previous study, broccoli sprout extracts were prepared
by 60 ℃ mildly heating or 5-min steaming of broccoli
[32]
sprouts . Under the condition of 60 ℃ mildly heating,
myrosinase has its enzyme activity and converts
glucosinolates to isothiocyanates. The second one is
the germination stage of broccoli sprouts. We used
1-d-old broccoli sprout for extraction of BSEx, but,
in the previous study, 6-d-old broccoli sprouts were
[32]
used . It was reported that the content of phenolic
compounds in broccoli sprouts increased dependent
on its germination stage, so 6-d-old sprouts were
thought to contain more phenolic compounds than
[33]
1-d broccoli sprouts . Because of the bitter taste
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of isothiocyanates and/or phenolic compounds, rats
might avoid eating broccoli extract containing diet in
the previous study.
In this study, we prepared the BSEx diet containing
340 mg glucoraphanin/100 g diet. If calculated by the
daily food intake (approximately 15 g) by a rat, and
the body weight of a rat (approximately 200 g), we
assumed that rats consumed about 200-300 mg/kg of
glucoraphanin every day. Previous studies reported that
30-60 mg/kg of glucoraphanin administration was safe
and effectively enhanced NQO1 (phase Ⅱ enzyme) in
various tissues and 120-240 mg/kg of glucoraphanin
[34,35]
administration caused oxidative stress in rat liver
.
However, in this study, rats didn’t show any of AST, ALT,
TBARS increase and GSH decrease after 10 days of
BSEx diet administration (Tables 6 and 7). These results
suggested that BSEx used in this study had higher level
of safety than used in the previous study. On the other
hand, a pilot study (data not shown) carried out before
this study showed that APAP-induced liver injury was
strongly suppressed by the administration of BSEx diet
containing 170 mg glucoraphanin/100 g diet (about
100-150 mg/kg of glucoraphanin every day). Moreover,
APAP-induced liver injury was weakly suppressed
by the administration of BSEx diet containing 34
mg glucoraphanin/100 g diet (about 20-30 mg/kg
of glucoraphanin every day). These results suggest
that acute liver injuries were suppressed by the low
BSEx administration than in this study. We conducted
experiment using high glucoraphanin contained diet to
clarify the effect of BSEx on the liver injuries, but we
think that the investigation of the dose-response effect
of BSEx will be needed in future studies.
Sulforaphane is a well-known inducer of phase Ⅱ
[2-4]
drug-metabolizing enzymes , but the contribution of
sulforaphane to the regulation of phase Ⅰ enzymes is
negligible. Nuclear factor erythroid 2-related factor 2
(Nrf2) and aryl hydrocarbon receptor (AHR) are wellknown transcription factors related to the upregulation
[36]
of detoxification genes . Our IPA results also suggest
that they contribute to the BSEx-induced upregulation
of detoxification genes (Table 4). It is known that
sulforaphane upregulates detoxification genes through
[4,37]
activation of Nrf2
, but little is known about the
activation of AHR by sulforaphane. Compounds other
than sulforaphane contained in BSEx possibly activated
AHR. BSEx ingestion coordinately induced Nrf2
activation by sulforaphane and AHR activation by other
unknown compounds, and consequently detoxification
genes were upregulated.
We did not clarify the complete glucosinolate profile
of BSEx in this study, but can estimate this parameter
[2,10,38,39]
based on previous reports
. Previous studies
have shown that glucoraphanin accounts for about
70% of glucosinolates in broccoli sprouts and is thought
to be the major glucosinolate in BSEx. Glucoraphanin
is converted to sulforaphane in vivo; hence, it is likely
that glucoraphanin in BSEx contributed to the Nrf2
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Table 6 Hepatoprotective effects of broccoli sprout extract on APAP-induced liver injury
Marker

Control

Body weight (g)
Body weight gain after i.p (g)
Liver weight (g)
Liver/body
AST (IU/L)
ALT (IU/L)
GST activity (U/g tissue)
TBARS (μmol/g tissue)
GSH (nmol/g tissue)

BSEx

APAP

APAP + BSEx

Mean

SD

Mean

SD

Mean

SD

188.45
3.88
8.46
0.045
71.41
12.51
61.78
462.68
2.73

10.38
1.77
0.44
0.001
6.99
0.57
4.95
36.57
0.26

190.90
3.59
9.13
0.048
59.98
9.81
77.89
420.95
2.99

11.36
1.53
0.69
0.002
8.46
1.84
4.62
23.66
0.29

172.39
-11.21a
6.90a
0.04a
5614.41a
1297.71a
51.90c
751.12a
1.66a

9.91
3.30
0.58
0.002
1997.83
447.33
16.85
220.87
0.59

Mean
183.63
-1.05b
8.11d
0.044d
70.91
11.78
93.19b
496.63
2.61

SD
8.87
2.84
0.85
0.003
15.74
2.08
16.55
37.21
0.75

a

P < 0.05 vs Control, BSEx, APAP + BSEx; bP < 0.05 vs Control, BSEx, APAP; cP < 0.05 vs BSEx, APAP + BSEx; dP < 0.05 vs BSEx, APAPBSEx: Broccoli sprout
extract; AST: Aspartate transaminase; ALT: Alanine transaminase; GSH: Hepatic glutathione; GST: Glutathione-S-transferase.

Table 7 Hepatoprotective effects of broccoli sprout extract on D-GalN-induced liver injury
Marker

Control

Body weight (g)
Body weight gain after i.p (g)
Liver weight (g)
Liver/body
AST (IU/L)
ALT (IU/L)
GST activity (U/g tissue)
TBARS (μmol/g tissue)

BSEx

D-GalN

D-GalN + BSEx

Mean

SD

Mean

SD

Mean

SD

Mean

SD

237.31
1.85
10.38
0.044
55.73
11.12
87.92
418.96

10.49
1.32
0.32
0.001
8.66
1.01
10.42
33.06

235.13
3.50
11.16
0.048
66.30
12.47
109.43
442.34

16.38
0.97
1.25
0.002
24.08
3.48
23.19
41.10

224.30
-7.74a
7.40a
0.032a
12465.63a
3936.46a
53.15a
543.81c

11.14
2.42
0.60
0.001
3223.97
777.52
8.14
45.35

225.39
-4.10b
8.32b
0.036b
4820.05b
1808.95b
98.04
495.42d

10.76
3.67
1.33
0.005
3094.93
1014.04
15.75
54.46

a

P < 0.05 vs Control, BSEx, D-GalN + BSEx; bP < 0.05 vs Control, BSEx, D-GalN; cP < 0.05 vs Control, BSEx; dP < 0.05 vs Control. BSEx: Broccoli sprout extract;
AST: Aspartate transaminase; ALT: Alanine transaminase; GSH: Hepatic glutathione; GST: Glutathione-S-transferase.

activation. Therefore, glucoraphanin, glucoiberin,
glucoerucin, 4-methylthiobutylblucosinolate, and
some indole glucosinolates may be present in BSEx,
although their rates are thought to be lower than that
[2,10,38,39]
of glucoraphanin
. The converted forms of indole
[40,41]
glucosinolates are known to activate AHR
; thus,
they may contribute to AHR activation by BSEx.
Microarray analysis revealed remarkable down
regulation of genes related to lipid metabolism by
ingestion of BSEx (Figures 1 and 2). Proteomic analysis
of Nrf2-deficient transgenic mice has shown that many
proteins involved in lipid metabolism are upregulated
in the absence of Nrf2, suggesting a negative
[42]
regulation of their expression by Nrf2 . In light of this
report, Nrf2 activation by BSEx may contribute to the
downregulation of genes involved in lipid metabolism,
although its significance in liver protection remains
unclear.
Because gene expression analysis showed that
BSEx caused significant changes in the expression
of genes related to liver protection from toxicity, we
examined the effects of BSEx on liver injury induced
by a toxicant. APAP causes liver injury through loss of
GSH with an increased formation of reactive oxygen
[43]
and nitrogen species in hepatocytes . Moreover, liver
GST activity was reported to decrease in APAP-induced
[44]
acute liver injury . In the present study, APAP-
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induced acute liver injury was followed by an increase
in TBARS and decreases in liver GSH concentration
and GST activity (Table 6). BSEx protected the
liver from APAP-induced injury and improved the
liver TBARS, GST activity, and GSH concentration
(Table 6). Microarray and real-time RT-PCR analysis
showed that Gclc, one of the rate-limiting enzymes of
glutathione synthesis, was upregulated by BSEx (Table
5). It has been suggested that upregulation of Gclc
contributes to the improvement of liver TBARS and
GSH concentrations. N-acetyl-p-benzoquinoneimine,
an intermediate of APAP that causes acute liver injury,
is conjugated with the reduced form of GSH, a reaction
[45]
that is mediated by GST . Microarray and real-time
RT-PCR analyses showed upregulation of Gsts by
intake of BSEx (Table 5). These results suggest that
upregulation of Gsts demonstrated by gene expression
analysis influenced liver GST activity and resulted in
protection from APAP-induced liver injury by BSEx.
Liver GST activity decreased and TBARS increased
[46,47]
in D-GalN-induced acute liver injury
. In the
present study, D-GalN-induced acute liver injury was
followed by an increase in TBARS and a decrease in
liver GST activity (Table 7). BSEx suppressed D-GalNinduced liver injury and improved GST activity and
TBARS (Table 7), but the effect of BSEx on D-GalNinduced liver injury was weaker than that on APAP-
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induced liver injury. These results may indicate that
suppression of D-GalN-induced liver injury by BSEx is
caused partly by induction of GST activity, but some
mechanisms other than improvement of GST activity
and oxidative stress may contribute to suppression of
D-GalN-induced liver injury. D-GalN caused a marked
decrease in UTP with an accompanying inhibition
[48,49]
of RNA and protein synthesis in rats
. Because
microarray analysis showed upregulation of ribosomal
proteins by intake of BSEx (Tables 3 and 4), D-GalNinduced liver injury might be suppressed through
induction of protein synthesis, although real-time RTPCR analysis showed that the expression of genes
related to ribosomal proteins was not increased by
BSEx, except for the expression of Rps3.
In summary, we showed that BSEx upregulated
the expression of genes related to detoxification and
glutathione synthesis in normal rat liver using DNA
microarray and real-time PCR analyses. Moreover,
BSEx suppressed APAP- and D-GalN-induced liver
injury. Our data suggest that protection from these
liver injuries resulted from induction of GSH synthesis
and GST activity, although some other mechanisms
may contribute to suppression of D-GalN-induced liver
injury. We conclude that BSEx enhanced defensive
functions and protected against the toxicities of various
types of xenobiotic substances through induction of
detoxification enzymes and glutathione synthesis in
the liver.

Applications

Broccoli sprout is a commercially available plant and it is fit for food. The results
of this study are applicable for development of functional foods using BSEx,
although human trial will be needed in the future.

Peer-review

It is an interesting study investigating the effect of BSEx on gene expression in
rat liver, and on the intoxication produced by acetaminophen and D-GalN. The
results from these studies may provide better insights into the hepatoprotective
effects of broccoli sprouts.
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AIM: To investigate the effects of salvianolic acid
B (Sal B) on the morphological characteristics and
functions of liver mitochondria of rats with nonalcoholic
steatohepatitis (NASH).
METHODS: A total of 60 male Sprague-Dawley rats
were randomly divided into three groups: (1) a normal
group fed a normal diet; (2) an NASH model group;
and (3) a Sal B-treated group fed a high-fat diet. Two
rats from each group were executed at the end of the
th
12 week to detect pathological changes. The rats in
the Sal B-treated group were gavaged with 20 mL/kg
Sal B (1 mg/mL) daily. The model group received an
equal volume of distilled water as a control. At the end
th
of the 24 weekend, the remaining rats were executed.
Serum biochemical parameters and liver histological
characteristics were observed. Malondialdehyde (MDA)
and superoxide dismutase (SOD) in the liver were
determined. Protein expression of CytC and caspase-3
was determined by immunohistochemistry. The mRNA
transcripts of mitofusin-2 (Mfn2) and NF-κB in the liver
tissue were detected by real-time PCR. Mitochondrial
membrane potential was detected using a fluorescence
spectrophotometer. Mitochondrial respiratory function
was detected using a Clark oxygen electrode.
RESULTS: The model group showed significantly
higher ALT, AST, TG, TC and MDA but significantly
lower SOD than the normal group. In the model group,
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the histological characteristics of inflammation and
steatosis were also evident; mitochondrial swelling and
crest were shortened or even disappeared. CytC (18.46
± 1.21 vs 60.01 ± 3.43, P < 0.01) and caspase-3
protein expression (30.26 ± 2.56 vs 83.31 ± 5.12, P <
0.01) increased significantly. The mRNA expression of
NF-κB increased (0.81 ± 0.02 vs 0.91 ± 0.03, P < 0.05),
whereas the mRNA expression of Mfn2 decreased
(1.65 ± 0.31 vs 0.83 ± 0.16, P < 0.05). Mitochondrial
membrane potential also decreased and breathing
of rats was weakened. Steatosis and inflammation
degrees in the treatment group were significantly
alleviated compared with those of the model group.
In the treatment group, mitochondrial swelling was
alleviated. CytC (60.01 ± 3.43 vs 30.52 ± 2.01, P <
0.01) and caspase-3 protein expression (83.31 ± 5.12
vs 40.15 ± 3.26, P < 0.01) significantly decreased.
The mRNA expression of NF-κB also decreased (0.91
± 0.03 vs 0.74 ± 0.02, P < 0.01), whereas the mRNA
expression of Mfn2 increased (0.83 ± 0.16 vs 1.35 ±
0.23, P < 0.01). Mitochondrial membrane potential
increased and respiratory function was enhanced.
CONCLUSION: Sal B can treat NASH by protecting
the morphological characteristics and functions of liver
mitochondria, regulating lipid metabolism, controlling
oxidative stress and lipid peroxidation and inhibiting
apoptosis.
Key words: Nonalcoholic steatohepatitis; Salvianolic
acid B; Apoptosis; Liver; Mitochondria
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study applied salvianolic acid B (Sal B) as
intervention for rats with nonalcoholic steatohepatitis
(NASH). We also observed the changes in biochemical
indexes, mitochondrial morphological characteristics
and functions and apoptosis index before and after
Sal B treatment was administered to explore the
pathogenesis of NASH and therapeutic effects of Sal B.
Sal B can treat NASH by protecting the morphological
characteristics and functions of liver mitochondria,
regulating lipid metabolism, controlling oxidative stress
and lipid peroxidation and inhibiting apoptosis.
Wang YC, Kong WZ, Jin QM, Chen J, Dong L. Effects of
salvianolic acid B on liver mitochondria of rats with nonalcoholic
steatohepatitis. World J Gastroenterol 2015; 21(35): 10104-10112
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i35/10104.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i35.10104

INTRODUCTION
Non-alcoholic steatohepatitis (NASH) is a pathological
type of nonalcoholic fatty liver diseases (NAFLD);
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however, the pathogenesis of NASH remains unclear
and is possibly because of heredity, environment,
metabolism and stress. This disease can also progress
to liver cirrhosis and liver cancer, and thus, NASH
is a chronic liver disease extensively investigated in
[1-3]
[4]
China . Sanyal et al indicated that NASH is associated
with an increased risk of diabetes, hypertension and
cardiovascular diseases; NASH can also increase the
mortalities of patients with cardiovascular diseases
and malignant tumours. Liver mitochondria play an
[5]
important role in the pathogenesis of NAFLD . Free
fatty acids (FFAs) can be oxidised in liver mitochondria;
as a result, excessive reactive oxygen species (ROS)
are produced, the body’s anti-oxidation and auxooxidation become unstable and oxidative stress and
lipid peroxidation occur. FFAs are also the theoretical
[6-8]
foundation of the “secondary attack” of NAFLD
.
In this study, salvianolic acid B (Sal B) was applied
as intervention for rats with NASH. We also observed
the changes in biochemical indexes, mitochondrial
morphological characteristics and functions and
apoptosis index before and after Sal B treatment was
administered to investigate the pathogenesis of NASH
and the therapeutic effects of Sal B.

MATERIALS AND METHODS
Establishment and grouping of animal models

A total of 60 clean-grade male Sprague-Dawley
rats, weighing 150 ± 10 g, were purchased from the
Laboratory Animal Centre of Dalian Medical University.
After the adaptive feed was administered for one
week, the rats were randomly divided into three
groups: (1) a normal group fed a normal diet; (2) an
NASH model group; and (3) a Sal B-treated group
fed a high-fat diet (88% ordinary feed + 10% lard
+ 2% cholesterol produced by Beijing HuaFuKang
Biotechnology Co., Ltd., China). The experimental
animals were fed individually and provided free access
to water and diet. Room temperature was kept at
20 ℃ ± 2 ℃; illumination was adjusted according to
normal circadian rhythm. Two rats from each group
th
were sacrificed at the end of 12 week to confirm the
success of NASH modelling. The treatment group and
the model group were intragastrically treated with
Sal B solution daily (concentration = 1 mg/mL; 20
mL/kg body weight; Sichuan Plantpharm Chemical
Co., Ltd., China) and with distilled water (20 mL/kg
body weight), respectively; each group was then
fed the same diet provided before treatment was
th
administered. At the end of the 24 week, the rats
were subjected to fasting overnight and anesthetized
by intraperitoneally injecting 10% chloral hydrate
solution (2.0 mL/kg body weight) on the next day.
After inferior venous blood samples were obtained, the
rats were sacrificed. The liver was quickly removed,
and the colour, texture and weight of the liver were
observed macroscopically to calculate liver index [liver
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index = liver weight/body weight (100%)].

Experimental methods

A Vitros5.1 FS automatic biochemical analyser (J&J,
United States) was used to determine ALT, AST, TG and
TC. Liver tissues were homogenized, and Coomassie
brilliant blue method was used to quantify proteins.
Thiobarbital acid method was used to determine MDA
content, and colorimetry was performed to detect
SOD. Kits were bought from Nanjing Keygen Biotech
Co., Ltd., China.

Light microscopy

Liver tissues were obtained from the same site on the
right lobe, fixed in neutral formaldehyde, embedded
in paraffin, serially sectioned and stained with HE.
The degrees of hepatic steatosis, inflammatory
reactions and balloon-like changes of the samples
were evaluated according to a previously described
[9]
method .

Electron microscopy

3

3

Approximately 0.5 mm to 1 mm of fresh liver tissue
was obtained and rapidly placed in a clean small
bottle containing 2 to 3 mL of precooled fixation fluid
(2.5% glutaraldehyde) for 2 h of internal fixation at
4 ℃. The samples were then washed with 0.1 mol/L
phosphate buffer several times, fixed with 1% OsO4
for 2 h, rinsed thoroughly with 0.1 mol/L phosphate
buffer thrice (15 min each), and serially dehydrated
with 50%, 70%, 90% and 100% ethanol. The samples
were soaked in pure acetone and embedding agent
mixture (2:1, v/v) at room temperature for 2 h and
then soaked in pure acetone and embedding agent
mixture (1:2, v/v) at room temperature for 3 h. The
samples were embedded in configured 618 epoxy
resin overnight at 37 ℃ and solidified at 60 ℃ for
48 h. The samples were sliced using Leica LKB-1
ultra-thin slicing machine (Sweden) and stained
with lead citrate and uranyl acetate. Afterwards, the
samples were observed under a Tecnai Spirit 120 kV
transmission electron microscope (FEI, United States)
and photographs were obtained. The rats of each
group were randomly selected for three samples,
which were randomly selected for five photographing
visions under the same magnification; each vision
was randomly selected for 10 mitochondria for further
analysis. Scoring was performed in accordance with
[10]
Flameng Grading method : level 0 (0 points),
mitochondrial structure is normal and full of particles;
level Ⅰ (1 point), mitochondrial structure is normal but
loses some matrix particles (there is mild swelling,
matrix density decreases and ridge is separated); level
Ⅱ (2 points), the mitochondria swell (matrix density is
severely reduced and ridge is separated), the matrix
is transparent and the ridge is not broken; level Ⅲ
(3 points), the mitochondrial ridge is fractured, and
the matrix solidifies (severely swells); and level Ⅳ (4
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points), outer and inner mitochondrial membranes
completely disappear and are vacuolated (severe
swelling, accompanied with ridge fracture, outer and
inner membrane rupture). The mean of each group
was used as the final score of each group.

Immunohistochemical detection

Liver tissues were fixed, embedded in paraffin and
sectioned in accordance with the manufacturer’s
instructions provided with the CytC and caspase-3
immunohistochemical kit (Nanjing KeyGen). Phosphate
buffer was used to replace primary antibody as a
negative control. Image-Pro Plus 6.0 Professional Image
analysis software was used for the semi-quantitative
analysis of the immunohistochemical images of each
group.

Real-time PCR detection

Approximately 40 mg of liver tissues were obtained,
and total RNA was extracted using a pillar animal
tissue total RNA extraction-purification kit and
quantified by spectrophotometry. Gel electrophoresis
(1.0%) was performed to identify the integrity of total
RNA. According to the instructions of M-MuLV firststrand cDNA synthesis kit, total RNA was reversely
transcribed to cDNA; cDNA was then used as a
template to detect gene transcripts of NF-κB and
mitofusin-2 (Mfn2) according to the instructions of
fluorescence quantitative PCR kit (SYBR staining
method). GAPDH was used as an internal reference.
All of the PCR reagents and primers were purchased
from Shanghai Sangon Biological Engineering Co., Ltd.,
China. Forward and reverse primer sequences of each
gene are as follows: NF-κB: 5’-TCT GTT TCC CCTS
CAT CTT TCC C-3’, 5’-GTC TTA GTG GTA TCT GTG CTT
CTC-3’; Mfn2: 5’-AAT TTC GAG AGG CGA TTT GA-3’,
5’-TGG GTG AAA GTC CAT CTG GT-3’; GAPDH: 5’-ACC
ACA GTC CAT GAC ATC AC-3’, 5’-TCC ACC ACC CTG
TTG CTG TA-3’. Three samples were selected from each
-∆∆CT
[11]
group and re-detected thrice. The 2
method
was used to calculate the relative expression of target
genes.

Preparation of rat liver mitochondria

Mitochondrial separation medium (100 mL; Nanjing
Keygen) was precooled at 4 ℃; fresh liver tissues (1
g) were placed in precooled mitochondrial separation
medium (5 mL) and cut into pieces. Afterwards,
the liver tissues were subjected to intermittent
homogenization in an ice bath glass homogenator
for 5-7 times. The tissues were then transferred into
a 50 mL centrifuge tube, mixed evenly with 35 mL
of mitochondrial separation medium and centrifuged
in a low temperature high-speed centrifuge machine
at 600 g for 7 min. The precipitate was discarded;
the supernatant was poured into a precooled clean
centrifuge tube and centrifuged at 8000 g for 10 min.
The supernatant was discarded; the precipitate was
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Table 1 Comparison of liver index, blood lipid and liver functions among the experimental groups (mean ± SD)
Group

n

Liver index (%)

TG (mmol/L)

TC (mmol/L)

ALT (U/L)

AST (U/L)

Normal group
Model group
Treatment group
F
P value

18
18
18

2.35 ± 0.18
3.80 ± 0.30
3.20 ± 0.18
37.97
0.000

0.35 ± 0.12
0.73 ± 0.15
0.40 ± 0.07
8.77
0.017

0.91 ± 0.05
1.50 ± 0.07
1.10 ± 0.03
87.18
0.000

45.23 ± 2.23
85.12 ± 3.38
50.10 ± 1.67
92.16
0.000

83.52 ± 6.67
130.23 ± 3.23
85.30 ± 6.63
72.98
0.000

TG: Triglycerides; TC: Total cholesterol; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

washed with the separation medium and centrifuged
at 8000 g for another 10 min. Afterwards, the super
natant was again discarded, and 2 mL of bovine
serum-free albumin preservation medium was added
to prepare the mitochondrial suspension. A part of
this suspension was obtained and subjected to protein
quantification; the remaining part of the suspension
was added to an ice bath of bovine serum albumin for
subsequent determination.

Determination of mitochondrial membrane potential

The excitation wavelength of fluorescence spectro
photometer was set at 500 nm, and the emission
wavelength was set at 525 nm. Approximately 1 μL
of rhodamin-123 and 2 mL of reaction medium of
the mitochondrial membrane potential were added
to the test tube and mixed evenly to detect basic
fluorescence value F1 (Nanjing KeyGen). The liquid
was sucked into the original tube, and 100 μL of
mitochondrial suspension was added; the resulting
mixture was incubated at 25 ℃ for 15 min and
centrifuged at 5000 g for 10 min. The fluorescence
value F2 of the supernatant was then detected. The
changed value of the fluorescence caused by 1 mg
of mitochondria was then calculated as follows: ∆F
= (F1-F2)/(0.1 mL × 5 mg/mL), where the amount
of rhodamin-123 combined with the mitochondrial
matrix reflected the value of average mitochondrial
membrane potential.

Determination of mitochondrial respiratory function

Oxygen electrode method was used to detect
mitochondrial oxygen consumption. Mitochondria (1
mg) were added to the reaction pool at 37 ℃; the
reaction medium was preheated at 37 ℃ and the total
volume was adjusted to 2 mL. Malic acid (20 μL),
sodium glutamate (0.5 mmol/L) and ADP (4 μL; 0.1
mmol/L) were added to determine ADP-free oxygen
consumption rate (ST4) and oxygen consumption rate
after ADP (ST3) was added. The respiratory control
rate (RCR) was the rate of ST3 to ST4. The ratio of the
added amount of ADP to ST3 oxygen consumption was
P/O ratio (P/O).

Statistical analysis

SPSS13.0 was used to statistically analyse data;
measurement data are expressed as mean ± SD. Oneway ANOVA and pairwise comparison were performed.
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P < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed
by Hong Li from Dalian University.

RESULTS
Hepatic gross observation and liver index

Compared with the normal group, the NASH model
group exhibited slightly increased liver volume,
whereas the liver edge became dull, the color became
yellow, the tangent plane became greasy and the
texture became brittle. Compared with model group,
the hepatic color and texture of the Sal B treatment
group were improved. The model group exhibited
the highest liver index, which exhibited a statistically
significant difference from the normal group and the
treatment group (F = 37.97, P < 0.01; Table 1).

Comparison of biochemical indexes among the groups

The levels of TG, TC, ALT and AST of the model group
were higher than those of the normal group, whereas
the above indicators of the treatment group were
reduced to some extent when compared with the
model group, and the differences were statistically
significant (P < 0.05; Table 1). Compared with the
normal group (0.63 ± 0.07 nmol/mg prot), the MDA
of the model group (1.62 ± 0.05 nmol/mg prot) was
increased, whereas MDA of the treatment group (0.70
± 0.62 nmol/mg prot) was reduced than the model
group, and the difference was statistically significant
(F = 89.69, P < 0.05). The SOD of the model group
(340 ± 23.79 U/mg prot) was reduced than that of the
normal group (390 ± 38.91 U/mg prot), and the SOD
of the treatment group (410 ± 30.62 U/mg prot) was
increased compared with that of the model group, and
the difference was statistically significant (F = 110.87,
P < 0.05).

Light microscopic observation

After HE staining was performed, the hepatic lobule
structures of normal rats were clear, without steatosis
or inflammatory infiltration. The model group exhibited
disordered hepatic lobule structures, with various sizes
of fat vacuoles inside the liver cells, which also had
the balloon-like changes, as well as different levels
of inflammatory infiltration and liver cell debris-like
necrosis. A little bridging necrosis occurred, and partial
portal areas exhibited mild to moderate inflammatory
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A

B

C

Figure 1 Light microscopy of liver tissues of each group (hematoxylin-eosin staining; magnification × 400). A: Normal group; B: Model group; C: Treatment
group.

Table 2 Evaluation of fatty degeneration of hepatocytes, liver lobular inflammatory reactions, balloon-like changes and nonalcoholic
fatty liver diseases activity score among the experimental groups
Group

n

Normal group
Model group
Treatment group

18
18
18

Fatty degeneration of
hepatocytes (0-3)

Liver lobular inflammatory
reactions (0-3)

Balloon-like changes (0-2)

NAS (0-8)

0-1

2-3

0-1

2-3

0

1-2

0-2

3-4

5-8

18
0
2

0
18
16

18
8
12

0
10
6

18
2
3

0
16
15

18
0
3

0
1
5

0
17
10

NAS: NAFLD activity score.

reactions. The degrees of liver cell fatty degeneration,
necrosis and inflammatory reactions of the Sal B
treatment group were obviously lower than those
of the model group (Figure 1). The comparison of
NAFLD activity score among the groups showed that
the treatment group was significantly lower than the
model group (F = 86.57, P < 0.01; Table 2).

Electron microscopic observation

The electron microscopy revealed that the normal
group exhibited much more numerous ovoid-shaped
mitochondria, and the amounts of layer ridge were
moderate. The mitochondria of the model group
generally swelled to the ball-like shape, and the
matrix was shallow. The mitochondrial swelling of the
treatment group was alleviated, and the mitochondrial
ridge was obvious (Figure 2). The Flameng semiquantitative analysis of hepatic mitochondria showed
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that the differences among the three groups were
statistically significant (F = 26.57, P < 0.01), the
score of the model group (3.021 ± 0.302) was higher
than that of the normal group (0.157 ± 0.033), and
the difference was statistically significant (P < 0.01).
The score of the treatment group (1.152 ± 0.223)
was reduced than that of the model group, and the
difference was statistically significant (P < 0.01).

Detection of CytC and caspase-3 expression by
immunohistochemical method

The CytC and caspase-3-positive cells exhibited the
brown-stained cytoplasm. The expression of these
two proteins in the model group was increased, the
positive particles inside the liver cells were increased,
and staining was deepened. The normal group
exhibited small amounts of positive particles, and
the positive particles of the treatment group were
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A

B

C

Figure 2 Electron microscopy of liver mitochondria of each group (magnification × 80000). A: Normal group; B: Model group; C: Treatment group.

reduced. The average absorbance semi-quantitative
analysis revealed that the expression of CytC protein
exhibited statistically significant differences among the
three groups (F = 38.67, P < 0.05). The expression
of CytC in the normal group (18.46 ± 1.21) exhibited
a statistically significant difference when compared
with the model group (60.01 ± 3.43; P < 0.01), and
the expression of CytC in the treatment group (30.52
± 2.01) exhibited a statistically significant difference
when compared with the model group (60.01 ± 3.43,
P < 0.01). The expression of caspase-3 exhibited
statistically significant differences among the three
groups (F = 20.97, P < 0.05); the expression of
caspase-3 in the normal (30.26 ± 2.56) and treatment
groups (40.15 ± 3.26) exhibited a statistically
significant difference when compared with the model
group (83.31 ± 5.12; P < 0.01 for both) (Figures 3
and 4).

Detection of mRNA expression of NF-κ B and Mfn2 by
real-time PCR

The mRNA expression levels of NF-κB in rat liver
tissues were statistically significant among the three
groups (F = 21.69, P < 0.05). NF-κB level in the
model group (0.91 ± 0.03) was significantly increased
compared with that of the normal group (0.81 ± 0.02,
P < 0.05). NF-κB level in the treatment group (0.74
± 0.02) was significantly reduced compared with that
of the model group (P < 0.01). The mRNA expression
levels of Mfn2 were also statistically significant among
the three groups (F = 16.87, P < 0.05); Mfn2 level
in the model group (0.83 ± 0.16) was decreased
compared with that of the normal group (1.65 ± 0.31),
and the difference was statistically significant (P <
0.01); Mfn2 level in the treatment group (1.35 ± 0.23)
was significantly increased compared with that of the
model group (P < 0.01).

Determination of mitochondrial membrane potential

The mitochondrial membrane potential exhibited
statistically significant differences among the three
groups (F = 85.73, P < 0.05). The mitochondrial
membrane potential in the model group (573.51 ±
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62.90) was significantly reduced when compared with
that of the normal group (963.10 ± 59.81; P < 0.01);
the mitochondrial membrane potential in the treatment
group (788.31 ± 60.50) was significantly increased
compared with that of the model group (P < 0.05).

Mitochondrial respiratory functions

The differences in mitochondrial RCR among the three
groups were statistically significant (F = 15.62, P <
0.05). The RCR in the model group (3.31 ± 0.23) was
significantly reduced compared with that of the normal
group (4.86 ± 0.53), and RCR in the treatment group
(3.79 ± 0.41) was significantly higher than that of the
model group (P < 0.05). The P/O ratios among the
three groups were also statistically significant (F =
13.92, P < 0.05); P/O ratio in the model group (3.41
± 0.15) was significantly reduced compared with that
of the normal group (4.15 ± 0.36, P < 0.01); P/O ratio
in the treatment group (3.58 ± 0.30) was significantly
increased compared with that of the model group (P <
0.05).

DISCUSSION
Although changing the lifestyle might be effective
towards NASH treatment, this action would often
be difficult to realise. Therefore, the development of
new drugs and new treatment plans according to the
[12]
pathogenesis of NASH would be very necessary .
Salvia miltiorrhiza was the dry root and rhizome of
salvia plants, Labiatae, and its water-soluble active
ingredient, Sal B, is condensed by three molecules of
tanshinol and one molecule of caffeic acid, and has
strong activities. Previous studies were more about the
therapeutic effects of Sal B in treating cardiovascular
diseases and liver fibrosis, which were mainly caused
by Sal B activities, such as anti-oxidation, anti[13,14]
inflammation and free-radical scavenging
.
The mitochondrion is an important organelle inside
the eukaryotic cells, and the cellular energy supply
centre, the Krebs cycle, β-oxidation of fatty acid,
oxidative phosphorylation and the urea cycle were all
[15]
conducted inside the mitochondria . The mitochondria
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A

A

B

B

C

C

Figure 3 Protein expression of CytC in the liver tissues of each group
(DAB staining; magnification × 400). A: Normal group; B: Model group; C:
Treatment group.

Figure 4 Protein expression of caspase-3 in the liver tissues of each
group (DAB staining; magnification × 400). A: Normal group; B: Model
group; C: Treatment group.

also participated in processes such as regulating
2+
the intracellular Ca concentration, information
transmission and cell death. A large number of studies
had shown that the mitochondrial structures and
[16-19]
functions of NASH patients were abnormal
. The
deacetylase gene Sirt3 of mitochondrion-knockout
mice might make the lipid metabolism disordered,
thus the fat toxicity was increased and NASH was
[20-22]
formed
. Furthermore, the Mfn2 gene could
promote the fusion of mitochondria, which was closely
related to the mitochondrial morphology, structures
[23,24]
and functions
. This study found that in the
NASH rats, the liver mitochondria swelled, the matrix
became shallower and the Mfn2 expression became
weaker, which were consistent with the large amount
of previous research. After Sal B treatment, the
mitochondrial morphology basically returned to normal

and the Mfn2 expression was enhanced, indicating that
Sal B might protect the mitochondrial structures by
Mfn2.
The energy needed for the lipid metabolism of
liver cells is mainly created by mitochondria through
the respiratory chain; the RCR and P/O are the main
indexes that could reflect the phosphorylation activities
[25-27]
and mitochondrial respiratory functions
. Once
RCR is decreased, the energy metabolism disorders
might occur, and the abilities of liver cells in processing
and transporting fats are also reduced, thus leading
[28,29]
to the hepatic fat deposition
. Moreover, domestic
and foreign studies found that the mitochondrial
energy metabolism disorders could cause the
reduction of mitochondrial membrane potential, which
is an important index to reflect the mitochondrial
[30,31]
functions
. The reduction of mitochondrial membrane
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potential could cause the cytochrome C release and the
activation of caspase-9 and caspase-3, hence promoting
[15]
cell apoptosis . This study showed that in the NASH
model group, the mitochondrial membrane potential
was decreased, the ratios of RCR and P/O were reduced,
whereas the protein expression of CytC and caspase-3
was increased, hence confirming that the mitochondrial
energy metabolism disorders occurred in the NASH
rats, the functions were thus impaired, and apoptosis
occurred. After Sal B treatment was administered,
mitochondrial membrane potential was increased, ratios
of RCR and P/O were increased and protein expression
of CytC and caspase-3 was decreased; these results
indicated that Sal B could stabilise mitochondrial
membrane potential. Thus, energy metabolism was
improved, mitochondrial functions were protected,
protein expression of CytC and caspase-3 was reduced
and apoptosis was inhibited.
The results of this study showed that serum
biochemical indexes, such as TG, TC, ALT and AST
of the NASH group were increased, and the mRNA
expression of NF-κB was increased. The liver tissue
inflammation was evident, and the expression of MDA
was also increased, whereas SOD was decreased,
hence conforming with the results of a number
of related research that the increased fatty acids
inside the NASH liver strengthened the oxidative
phosphorylation of mitochondria; accumulated ROS,
which would cause lipid peroxidation, increase MDA
and damage mitochondrial structures and functions.
Excessive ROS could activate NF-κB and promote the
Kupffer cells to secrete a large amount of TNF-α and
induce chemotaxis of neutrophils; as a result, hepatic
[32,33]
inflammatory reactions and fibrosis occur
. Hence,
mitochondrial structure and function disorders are
closely related to fat metabolism, oxidative stress and
lipid peroxidation and liver tissue inflammation. After
Sal B treatment was administered, the expression
of TG, TC, ALT and AST was reduced, the expression
of NF-κB was weakened, the inflammation of liver
tissues was relieved and the MDA expression was
reduced, whereas the SOD expression was increased;
these results indicated that Sal B could regulate
fat metabolism, control oxidative stress and lipid
peroxidation and inhibit mRNA expression of NF-κB via
the mitochondria. Thus, NASH can be treated.
The results of this study showed that Sal B could
protect mitochondrial structures and functions,
regulate fat metabolism, control oxidative stress and
lipid peroxidation and inhibit apoptosis; thus, Sal B
elicits therapeutic effects on NASH. However, whether
Sal B induces therapeutic effects via other mechanisms
should be further investigated.

reactive oxygen species (ROS), and the main target of oxidative attack. Longterm exposure to free fatty acids can increase the ROS formation, thus oxidative
stress is induced and excessive oxygen free radicals are produced. These
conditions can cause lipid peroxidation in cells and mitochondrial membrane;
as a result, mitochondrial structure and function are disrupted. Salvianolic acid
B (Sal B) performs anti-inflammatory, antioxidant and free radical scavenging
functions; Sal B also elicits therapeutic effects on NASH.

Research frontiers

The factors initiating the “second hit” include oxidative stress, lipid peroxidation,
inflammatory factors, and mitochondrial dysfunction. The excessive storage of
free fatty acids in the liver can cause a compensatory increase in mitochondria
β-oxidation; thus, ROS accumulate and exceed the scavenging capacity of
the antioxidant system. ROS can attack adjacent tissues and cells and destroy
liver cell function and structural integrity, thereby causing liver cell rupture
and apoptosis. Moreover, ROS can activate neutrophils; thus, inflammation,
necrosis and fibrosis of the liver lobule occur.

Applications

Sal B can affect the structure and function of mitochondria to ameliorate
oxidative stress and elicit therapeutic effect on NASH. This study provided a
theoretical basis for the clinical application of Sal B to treat NASH.

Terminology

Mitochondrial dysfunction is involved in the development of NASH. Sal B
can affect the structure and function of the mitochondria, regulate energy
metabolism, alleviate oxidative stress and lipid peroxidation and inhibit
apoptosis. Sal B also elicits therapeutic effects on NASH.

Peer-review

This study investigated the effects of Sal B on morphological characteristics
and functions of liver mitochondria of rats with NASH. The experimental design
is reasonable and practical; the results are satisfactory. This study provided a
theoretical basis for the clinical application of Sal B to treat NASH.
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Abstract
AIM: To study whether transfer of blood between the
right gastroepiploic artery and gastroduodenal artery
could lessens the damage to bile canaliculi.
METHODS: Forty male Bama miniature pigs were
divided into four groups as follows: a control group,
two hepatic artery ischemia groups (1 h and 2 h), and
a hepatic artery bridging group. The hemodynamics
of the hepatic artery in the hepatic artery bridging
group was measured using color Doppler ultrasound.
Morphological changes in the bile canaliculus were
observed by transmission electron microscopy. Cofilin,
heat shock protein 27 and F-actin expression was
detected by immunohistochemistry, Western blot,
and real-time polymerase chain reaction. Terminal
deoxynucleotidyl transferase-mediated nick end-labeling
method was used to evaluate liver injury.
RESULTS: The hemodynamics was not changed in
the hepatic artery bridging group. The microvilli in the
bile canaliculus were impaired in the two hepatic artery
ischemia groups. The down-regulation of cofilin and
F-actin and up-regulation of heat shock protein 27 were
observed in the two hepatic artery ischemia groups,
while there were no significant differences between the
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control group and hepatic artery bridging group.
CONCLUSION: Hepatic artery ischemia aggravates
damage to bile canaliculi, and this damage can be
diminished by a hepatic artery bridging duct.
Key words: Nonanastomotic biliary strictures; Hepatic
artery ischemia; F-actin; Cofilin; Heat shock protein 27;
Hepatic artery bridging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The incidence of nonanastomotic biliary
strictures ranges from 1% to 20% after liver trans
plantation (LT). The manner by which arterial ischemic
injury to the bile ducts may be reduced in LT is an
urgent problem to be addressed. The aim of this study
was to validate whether a bridging duct between the
right gastroepiploic artery and gastroduodenal artery
could lessen the damage to the biliary tract. We have
observed that hepatic artery ischemia aggravates
damage to bile canaliculi, and this damage can be
diminished by a hepatic artery bridging duct.
Wang JZ, Liu Y, Wang JL, Lu L, Zhang YF, Lu HW, Li YM.
Hepatic artery bridging lessens temporary ischemic injury to bile
canaliculi. World J Gastroenterol 2015; 21(35): 10113-10125
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i35/10113.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i35.10113

INTRODUCTION
Improvements in surgical techniques, immunosu
ppressant therapy and reductions in perioperative
complications in the past few decades have signiﬁcantly
improved patient outcomes after liver transplantation
[1]
(LT) . Nevertheless, LT remains associated with
various postoperative complications that account for
[2]
patient morbidity and mortality . Biliary strictures,
which are classified into anastomotic biliary strictures
and nonanastomotic biliary strictures (i.e., ischemictype biliary lesions), are the most frequent type of
biliary complication and are typically due to ischemia/
reperfusion injury, vascular insufficiency, or ﬁbrotic
[3,4]
healing caused by improper technique . Among
the above-mentioned causes, hepatic ischemic injury
to the bile duct is a major clinical problem during
the preoperative period and frequently occurs after
[5]
major hepatic resection or LT . With the progress of
surgical techniques in LT, anastomotic biliary strictures
are becoming increasingly less important, while
nonanastomotic biliary strictures remain prominent.
The pathogenesis of nonanastomotic biliary strictures is
associated with nonfunctioning F-actin microfilaments
[6,7]
in the bile canaliculus . Bile canaliculus epithelial
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cells play crucial roles in the formation and secretion of
bile as well as in the excretion of circulating xenobiotic
[8]
substances . Microvilli in bile canaliculus epithelial
cells consist of F-actin microfilaments, which are very
[7]
important for bile excretion . The continuous assembly
and disassembly of F-actin microfilaments promote
bile duct contraction and bile excretion; therefore, the
loss of F-actin microfilaments leads to bile secretion
[9,10]
disorder
.
Some researchers have confirmed that cofilin and
heat shock protein 27 (HSP27) are very important in the
[11,12]
.
assembly and disassembly of F-actin microfilaments
Cofilin is a member of the actin depolymerizing factor
(ADF)/cofilin family of proteins. It plays a key role in
actin dynamics by promoting the disassembly and
[13]
assembly of actin filaments . HSP27 is a member of
a small HSP family that is constitutively expressed in
[14]
cells . The main functions of HSP27, as a molecular
chaperone, include the facilitation of the refolding of
partially denatured proteins into active conformations,
[15]
and the modulation of F-actin and cell movement .
However, the over-expression of HSP27 may be
[16]
detrimental when it occurs in extracellular spaces .
Some researchers demonstrate that extracellular
HSP27 mediates inflammatory response through
signaling toll-like receptors (TLRs) to activate nuclear
factor-κB (NF-κB) in mononuclear cells and induce
[17]
dendritic cell maturation .
Various protocols for revascularization in LT have
been performed in clinical studies. Sequential portal
and arterial revascularization (SeqR) and simultaneous
portal and arterial revascularization (SimR) have been
[18-22]
advocated to improve patient outcomes after LT
.
In SeqR, the liver graft is sequentially reperfused by
portal and arterial reperfusion; however, the primary
disadvantage of this protocol is the potential increased
risk of arterial ischemic injury to bile ducts, which
[23]
depend solely on the arterial blood supply . By
contrast, in SimR, the liver graft is simultaneously
reperfused by the portal vein and the hepatic artery.
Nonetheless, the disadvantage of SimR is that it
prolongs the warm ischemia time (WIT) and the
anhepatic phase, which can be detrimental to patient
[24]
mortality and morbidity related to the graft . These
protocols of revascularization in LT have their own
shortcomings in reducing arterial ischemic injury to
the bile ducts. Hence, the manner by which arterial
ischemic injury to the bile ducts may be reduced in LT
is an urgent problem to be addressed.
With the development of LT, some arteries have
been advocated as alternative for hepatic arterial
anastomosis, such as the left gastric, right gastric,
middle colic, gastroduodenal and right gastroepiploic
artery. Still, the right gastroepiploic artery remains the
[25]
optimum, when the hepatic artery cannot be used .
The aim of this study was to validate whether the
transfer of blood through a bridging duct between the
right gastroepiploic artery and the gastroduodenal
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artery could lessen the damage to F-actin caused by
hepatic artery ischemia.

MATERIALS AND METHODS
Animal model

Animals: Forty male Bama miniature pigs aged 3-4
mo were obtained from the laboratory animal center of
the Third Military Medical University in China. All pigs
were given access to water ad libitum. The diet was
formulated according to the recommended nutrient
allowances for this pig breed. All appropriate measures
were taken to minimize pain or discomfort. This study
had been approved by the Ethics Committee of Xi’
an Jiaotong University School of Medicine and was
performed in accordance with the Guide for the Care
and Use of Laboratory Animals of the Chinese National
Institutes of Health.
Groups: All animals were divided randomly into
four groups. The pigs in group A (control group)
did not undergo hepatic artery ischemia and were
simultaneously reperfused through the portal vein and
hepatic artery after cold perfusion. The pigs in group
B underwent hepatic artery ischemia for 1 h, while
those in group C underwent hepatic artery ischemia
for 2 h. The pigs in group D (hepatic artery bridging
group) underwent blood transfer through a bridging
duct between the right gastroepiploic artery and the
gastroduodenal artery for 2 h.
Animal model building: All operations were
performed under general anesthesia (propofol 1.0 mL/
kg per hour, intravenous drip) and a right subcostal
incision was made in the upper abdominal region.
The ligaments around the liver were disconnected.
The liver was fully separated from the abdominal
cavity except for the ducts coming into and out of the
liver. Both the gastroduodenal artery and vein were
intubated as inflow tracts and the proximal parts were
ligated. The anterior wall of the infrahepatic vena cava
was split as an outflow tract. The other blood inflow
and outflow of the liver (such as the portal vein,
suprahepatic vena cava, infrahepatic vena cava,
and common hepatic artery) were interrupted by
clamps. Lactated Ringer’s solution (500 mL at 4 ℃,
containing heparin 12.5 U/mL) was infused into the
liver from the gastroduodenal artery and vein, res
pectively, until the outflow was clear and the color
of the liver turned sallow, and then, the infrahepatic
vena cava was repaired. After perfusion, the clamps
on the portal vein, suprahepatic vena cava, and
infrahepatic vena cava were released, and the release
of the common hepatic artery differed in all groups.
The common hepatic artery of each pig in group A
was released at the same time as the portal vein,
suprahepatic vena cava, and infrahepatic vena cava,
while the pigs in groups B and C underwent hepatic
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artery ischemia for 1 h and 2 h, respectively, after the
portal vein, suprahepatic vena cava and infrahepatic
vena cava were released. The right gastroepiploic
artery of each pig in group D was intubated before
perfusion to the liver, and the tube was connected
to the gastroduodenal artery using three-junction
placement so that blood could be transferred to the
liver and biliary duct even though the common hepatic
artery was not released (The inside diameter and
length of the tube between the right gastroepiploic
and gastroduodenal artery were 2 mm and 20 cm,
respectively), and the other operation was the same
as that performed for group C (Figure 1).
Specimen collection: A small piece of hepatic tissue,
which was used as a control, was resected immediately
at the edge of the liver after laparotomy, and another
hepatic tissue was resected at 2 h after reperfusion.
Reoperations were performed under general anes
thesia at 2 wk, and 1, 2 and 3 mo after the model was
built. During the reoperation, a subcostal incision of
approximately 4 cm was made, and a liver tissue slice
was resected. Blood samples (approximately 5 mL)
were harvested preoperatively and postoperatively at 1,
3, 5, 7, 9, 11, 13, 15, 18, 21, 24, and 27 d and 1, 1.5, 2,
2.5, and 3 mo after surgery via precava vein puncture.
All the animals were sacrificed after 3 mo.

Color Doppler ultrasound

Peak velocity and blood flow of the hepatic artery in
group D were measured using color Doppler ultrasound
before and after the bridging duct was placed.

Serologic examination

Total bilirubin (TB), alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and γ-glutamyl
transpeptidase (γ-GT) were measured in the serum
in duplicate using commercial kits according to the
manufacturers’ protocols with an Olympus AU5421
biochemistry analyzer.

Transmission electron microscopy

3

Liver fragments of approximately 2 mm were fixed in
2.5% glutaraldehyde for 3 h, rinsed in PBS and then
postfixed in 1% osmium tetroxide for 2 h. Samples
were dehydrated in graded alcohols, embedded in
Epon 812, cut on an ultramicrotome, and then stained
with uranyl acetate and lead citrate. Ultrathin sections
were viewed using transmission electron microscopy
(Hitachi 7650, Hitachi High-Technologies Corporation,
Japan).

Immunohistochemical staining and evaluation

Specimens were fixed in 4% paraformaldehyde,
embedded in paraffin, sliced 4 mm thick, and then
prepared on glass slides. Some sections were
observed by hematoxylin-eosin staining (HE) and
some were stained for cofilin using a rabbit polyclonal
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The liver was fully separated from the
abdominal cavity except for the ducts
coming into and out of the liver

Step one

Step two

The gastroduodenal artery and vein
were inflow tracts. The anterior wall
of the infrahepatic vena cava was an
outflow tract

Building inflow and outflow tracts of liver

Step three

The right gastroepiploic artery of each
pig in hepatic artery bridging group
was intubated

Reperfusion of liver
The outflow was clear and the
color of the liver turned sallow

Step four
Three-junction placement connected
the gastroepiploic artery with the
gastroduodenal artery

No hepatic artery
ischemia in Group A

Hepatic artery ischemia for
1 h in Group B

Hepatic artery ischemia for
2 h in Group C

Figure 1 Schematic diagram of animal model building.

antibody (Santa Cruz Biotechnology, sc-33779) and
HSP27 using a goat polyclonal antibody (Santa Cruz
Biotechnology, sc-1049). This procedure was followed
by a second reaction with biotin-labeled anti-rabbit IgG
against cofilin, anti-goat IgG against HSP27, and antimouse IgG against F-actin (Zhongshan Goldenbrige
Biotechnology Co., Ltd., Beijing, China). An avidinbiotin coupling reaction was performed on the sections
using an SP Kit (Zhongshan Goldenbrige Biotechnology
Co., Ltd., Beijing, China).
All slide images were captured with a Leica SCN400
slide scanner, and density was analyzed using ImagePro Plus 6.0 software.

and 0.1% SDS containing protease inhibitors. Aliquots
containing 40 μg of protein were subjected to 10%
sodium dodecyl sulfate-polyamide gel electrophoresis
and transferred to PVDF transfer membranes (TransBlot Cell, Hercules, CA, 3-4 h, 85 mA). Immunoblotting
was performed to detect cofilin and HSP27 (overnight
at 4 ℃). After the procedure involving the secondary
antibodies (2 h at 20 ℃ ), the specimens were
washed and subjected to chemiluminescence using a
commercially available blotting kit.
The integrated density of the scanned immunoblotting
signals was measured using the “GeneTools” program on
a personal computer.

Terminal deoxynucleotidyl transferase-mediated nick
end-labeling assay

RNA extraction and real-time quantitative polymerase
chain reaction

The apoptosis of hepatocytes was identified by detecting
DNA fragmentation in situ. DNA fragmentation was
detected by transferase-mediated nick end-labeling
(TUNEL) assay, which was performed on deparaffinized
and dehydrated sections using an In Situ Cell Death
Detection Kit (Zhongshan Goldenbrige Biomedical
Technology Co., Beijing, China) according to the
manufacturer’s instructions. TUNEL-positive hepatocytes
displayed a characteristic apoptotic morphology,
including chromatin condensation, cell fragmentation,
and apoptotic bodies. Apoptotic hepatocytes were
examined in 10 randomly selected areas per section.
The apoptotic index was calculated as the percentage of
apoptotic cells in the total number of hepatocytes.

Western blot analysis

For the immunoblotting of cofilin and HSP27, liver tissue
was homogenized in 50 mmol/L Tris buffer (pH 7.4), 150
mmol/L NaCl, 1% NP-40, 0.5% sodium deoxycholate
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Total RNA was extracted using Trizol reagent
(Invitrogen, United States). The RNA was reversetranscribed to cDNA using a reverse transcriptase kit
(PrimeScript RT Reagent Kit; TaKaRa). The relative
abundance of each mRNA sample was quantitated
by Q-PCR using speciﬁc primers and SYBR Premix Ex
Taq (TaKaRa). Primers for cofilin, HSP27, F-actin and
β-actin were designed and synthesized by TaKaRa
Biotechnology (Table 1). Real-time PCR was conducted
using an iQ Multicolor Real-Time PCR Detection System
(Bio-Rad, Hercules, CA). Cycle threshold values were
obtained from Bio-Rad iQ5 2.0 Standard Edition optical
system software (Bio-Rad). The data were analyzed
using the ΔΔCt method, and β-actin served as an
internal control.

Statistical analysis

The statistical methods of this study were reviewed by
Deyu Meng from Institute for Information and System
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Table 1 The primer sequences of cofilin, HSP27, F-actin and β-actin
Gene
Cofilin
HSP27
F-actin
β-actin

Forward (5'-3')

Reverse (5'-3')

CAAGAAGGACCTGGTGTTC
CGTTGCCAATAACACAAACG
GCTAAGAAGGCGATACAA
CCAGGTCATCACCATCGG

TTGGAGCTGGCGTAGATCATT
GGCTTCTACTTGGCTCCAGA
AGA ATG AGG ACTGGGTGA
CCGTGTTGGCGTAGAGGT

Sciences, Faculty of Mathematics and Statistics, Xi’
an Jiaotong University. The data are presented as
the mean ± SD and were processed with SPSS 19.0
statistical software (IL, United States). Comparisons
were performed between groups by one-way ANOVA.
P < 0.05 was considered statistically signiﬁcant.

RESULTS
Serum ALT, TB, ALP and γ -GT levels are increased after
the operations

Following the surgery, we monitored serum ALT, TB,
ALP and γ-GT levels. Serum ALT, TB, ALP and γ-GT
levels were within the normal ranges immediately after
surgery but progressively increased during the first few
days for all groups, reaching peak values on days 7 to
13. ALT fully recovered to normal ranges within 2 mo.
In addition, the levels of TB, ALP and γ-GT gradually
declined and fully recovered to normal ranges within
1 mo. During the entire observation period, the ALT in
group C was the highest of all the groups within 45 d
(P < 0.05), and it was higher in group D than in group
A from days 11 to 18 (P < 0.05) (Figure 2A). The TB
in group C was the highest of all the groups within 24
d (P < 0.05) (Figure 2B). The ALP was significantly
higher in groups B and C than in groups A and D from
1 to 24 d (P < 0.05) (Figure 2C). The level of γ-GT in
group C was the highest of all the groups from days 1
to 27 (P < 0.05) (Figure 2D). There were no significant
differences in the levels of TB, ALP or γ-GT between
groups A and D within 3 mo (P > 0.05). HE staining
indicated that the hepatic cord was disarranged and
that some hepatocytes disappeared in groups B and C
(Figure 2E).

Bridging duct does not decrease peak velocity or blood
flow in hepatic artery

There was no significant difference in peak velocity or
blood flow before or after the bridging duct was placed
for group D (P > 0.05) (Figure 3).

Bridging duct decreases bile canaliculus damage

Transmission electron microscopy showed that at
2 h after reperfusion, the microvilli exhibited slight
edema in groups A and D, whereas some microvilli
disappeared in groups B and C. After 2 wk, the
microvilli also showed edema in groups A and D, the
bile thrombus could be observed in groups B and C
and some of the microvilli were absent. After 2 mo,
the microvilli recovered to normal states in groups A

WJG|www.wjgnet.com

and D, and a few of them disappeared in groups B and
C. By the third month, the microvilli in all groups were
normal (Figure 4).
The apoptosis of hepatocytes increased 2 h after
reperfusion in all groups and lasted for 2 mo. The
second week was the peak time point. Compared with
groups A and D, groups B and C exhibited significant
increases in the apoptosis index at 2 h, 2 wk, 1 mo,
and 2 mo (P < 0.05), while there was no significant
difference between groups A and D within 3 mo (P >
0.05) (Figure 5).
To further evaluate the function of the bile cana
liculus, we examined cofilin and HSP27 expression.
Immunohistochemical staining of the hepatocytes
showed the down-regulation of cofilin and up-regulation
of HSP27 at 2 h, 2 wk, 1 mo, and 2 mo in groups B and
C compared with groups A and D (P < 0.05) (Figure 6A,
B and C).
Similar changes were observed in Western blot
analysis and real-time quantitative polymerase chain
reaction. Cofilin expression decreased at 2 h and 2 wk,
reaching the lowest level at 1 mo. Compared with the
other groups, group C exhibited a significant decrease
in cofilin expression at 2 h, 2 wk, 1 mo, and 2 mo (P
< 0.05). There was no significant difference between
groups A and D within 3 mo (P > 0.05) (Figure 7A).
HSP27 expression increased at 2 h and 2 wk, reaching
the highest level at 1 mo. Compared with groups A and
D, group C exhibited significant increases at 2 h, 2 wk,
1 mo, and 2 mo (P < 0.05). There was no significant
difference between groups A and D within 3 mo (P >
0.05) (Figure 7B). The four groups showed differential
expression of cofilin and HSP27 within 3 mo (Figure
7C). The mRNA level of cofilin was decreased at 2 h
after reperfusion, the lowest level was observed at the
second week before recovery, and the preoperative
level was gradually reached within 3 mo. Compared
with groups A and D, significant differences were
revealed at 2 h, 2 wk, 1 mo and 2 mo for group C (P
< 0.05) (Figure 8A). The mRNA level of HSP27 was
increased at 2 h after reperfusion; the highest level
was obtained at the second week, and the preoperative
level was reached within 3 mo. Compared with the
other groups, significant differences were revealed at 2
h, 2 wk, 1 mo, and 2 mo for group C (P < 0.05) (Figure
8B). The mRNA level of F-actin was decreased at 2 h,
2 wk, 1 mo and 2 mo in group C. However, there were
no significant differences between groups A and D
within 3 mo (P > 0.05) (Figure 8C).
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Figure 3 Peak velocity and blood flow in the hepatic artery in group D. A: Peak velocity, P > 0.05; B: Blood flow, P > 0.05. Group D: Hepatic artery bridging
group. Pre-HAB: Pre-hepatic artery bridging; HAB: Hepatic artery bridging.
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Figure 4 Morphological changes in bile canaliculi as visualized by transmission electron microscopy (magnification × 40000). Group A: Control group;
Group B: Hepatic artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 h); Group D: Hepatic artery bridging group.

DISCUSSION
Nonanastomotic biliary strictures account for a major
proportion of patient morbidity and mortality after LT
and are characterized by progressive jaundice, fever,
and abdominal discomfort, accompanied by increases
[24,26]
in blood bilirubin, ALP and γ-GT
. Pathological
examination may identify bile thrombus and intra
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hepatic cholestasis, and intra- and/or extrahepatic
bile duct strictures may be revealed by an imaging
[27]
test . A classification of nonanastomotic biliary
strictures has been proposed based on the localization
of the abnormalities, distinguishing between
type Ⅰ (extrahepatic lesions), type Ⅱ (intrahepatic
lesions), and type Ⅲ (intra- and extrahepatic
[28,29]
alterations)
.
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group (2 h); Group D: Hepatic artery bridging group. aP < 0.05, cP < 0.05 vs
Group B.

A
B
C
D

a
a

c
c

20

c

a
c

0

Density per area of Cofilin in liver

A

2 wk

1 mo
t /mo

2 mo

3 mo

0.15
c
c

c

0.10

Density per area of HSP27 in liver

A
B
C
D

Group
Group
Group
Group

A
B
C
D

a

0.05

a

a

2h

2 wk

1 mo
t /mo

2 mo

3 mo

0.6
a
a

0.4

a
a
c
c

0.2

0.0

c

2h

c

2 wk

1 mo
t /mo

Cofilin

2 mo

3 mo
HSP27

One month

C

Group
Group
Group
Group

c

a

0.00

B

2h

Figure 6 Comparison of the density values per area of cofilin and HSP27 in the liver. A: Cofilin; B: HSP27; C: Immunohistochemical staining at 1 mo. Group A:
Control group; Group B: Hepatic artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 h); Group D: Hepatic artery bridging group. aP < 0.05, cP < 0.05
vs Group B.

WJG|www.wjgnet.com

10120

September 21, 2015|Volume 21|Issue 35|

Wang JZ et al . Hepatic artery bridging diminishes ischemic injury

A

1.0

Gray value of Cofilin

0.8

0.6

c

Group
Group
Group
Group

A
B
C
D

Group
Group
Group
Group

A
B
C
D

c

c
c

0.4
a
a

a

0.2

a

0.0

B

2h

2 wk

1 mo
t /mo

2 mo

3 mo

3
a

Gray value of HSP27

a

2

a

c

a

c
c
c

0

2 wk

1 mo
t /mo

B

C

D

A

B

C

D

3 mo

A

B

C

D

A

B

C

D

A

C

D

Cofilin

2 wk
Cofilin

2h
Cofilin

3 mo
Cofilin

Cofilin

2 mo

HSP27

HSP27

B

1 mo

HSP27

A

2 mo

HSP27

C

2h

HSP27

1

Figure 7 Expression of cofilin and HSP27 for all groups. A: Cofilin; B: HSP27; C: Western blots of cofilin and HSP27. Group A: Control group; Group B: Hepatic
artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 h); Group D: Hepatic artery bridging group. aP < 0.05, cP < 0.05 vs Group B.

To lessen the damage to F-actin caused by hepatic
artery ischemia, we designed a hepatic artery bridge
animal model. The clamping and releasing of the
vessels in this model were performed to simulate
disconnection and reconstruction. This approach could
avoid potential surgical technical complications, making
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the operation easier to perform. Although conventional
LT procedures are simplified, the key sequences of
LT, such as graft perfusion, cold preservation, cold
ischemia-reperfusion, warm ischemia-reperfusion, and
the anhepatic phase, still exist. Thus, this modified
model could adequately imitate the hepatic artery
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Figure 8 The cofilin, HSP27 and F-actin mRNA levels as determined by real-time polymerase chain reaction. A: Cofilin; B: HSP27; C: F-actin. Group A: Control
group; Group B: Hepatic artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 h); Group D: Hepatic artery bridging group. aP < 0.05, cP < 0.05 vs
Group B.

ischemia-reperfusion procedure in LT. Most confounding
factors related to nonanastomotic biliary strictures were
excluded or well controlled in this model. Considering
all these facts, we placed a bridging duct between the
right gastroepiploic artery and the gastroduodenal
artery.
Under normal circumstances, ALP and γ-GT are
bound to the canaliculus membranes of hepatocytes
and the apical cell surfaces of cholangiocytes. The
increased release of these enzymes occurs under
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pathologic conditions when cell membranes are
[30,31]
injured
. Serological tests showed that ALT, TB, ALP
and γ-GT were elevated in groups B and C during the
early postoperative period in our study; however, there
were no significant differences in the levels of TB, ALP
or γ-GT between groups A and D within 3 mo. These
findings imply that hepatic artery ischemia can induce
biliary tract injury and that a bridging duct between
the right gastroepiploic artery and the gastroduodenal
artery can lessen the liver damage.
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Bile canaliculi, which are connected to the canal
of Hering and bile ducts, are formed by grooves on
[32,33]
some of the lateral faces of hepatocytes
. Our
observations showed that hepatic artery ischemia
led to the loss of many microvilli from the bile
canaliculi and that a longer duration of hepatic artery
ischemia was associated with a more serious loss;
however, the presence of a bridging duct decreased
the damage. The function of microvilli relies on the
continual polymerization and depolymerization of
actin microfilaments, and both cofilin and HSP27 play
[12,34,35]
. The downimportant roles in F-actin dynamics
regulation of cofilin and F-actin indicated that the
function of bile canaliculi was also impaired and overexpression of HSP27 was detrimental to the assembly
and disassembly of F-actin microfilaments after hepatic
artery ischemia. Some studies have suggested that
HSP27 is an endogenous activator of toll-like receptor
2 (TLR2) and toll-like receptor 4 (TLR4), and that TLR4
is one of the signaling pathways involved in mediating
[36]
the proinflammatory effects of extracellular HSP27 .
Fortunately, the bridging duct did not impair the
function of bile canaliculi, and we speculate that it did
not change the hemodynamics in group D and that it
circumvented the damage due to ischemia reperfusion
injury, which is common in LT.
Intrahepatic cholangiocytes are only nourished by
the peribiliary vascular plexus (PVP), which represents
[37]
the terminal branches of the hepatic artery . The
PVP communicates with the branches of the portal
vein, and portal vein blood may then reflow into
the PVP during the warm ischemia. Microthrombus
may further form in PVP because of the slow flow
[38]
rate . This phenomenon is assumed to be the cause
of nonanastomotic biliary strictures. Our research
revealed that the hepatic artery bridging duct did not
decrease the peak velocity or blood flow in the hepatic
artery, which might explain how a hepatic artery
bridging duct could lessen the damage to microvilli
caused by hepatic artery ischemia. The advantage of
the hepatic artery bridging duct was that it lessened
the injury to bile canaliculi caused by hepatic artery
ischemia and reduced blood flow to the liver and biliary
tract, which are inevitable in LT.
Our research has its limitations. Only clamping
and releasing of the vessels in this model were perfor
med to simulate disconnection and reconstruction.
Another limitation is that this modified model merely
imitates the hepatic artery ischemia-reperfusion
procedure in LT, and most confounding factors related
to nonanastomotic biliary strictures are excluded.
These limitations can be overcome in the future by
conducting animal allergenic LT studies.
In conclusion, hepatic artery ischemia aggravates
damage to bile canaliculi, and this damage can be
lessened by the presence of a bridging duct between
the right gastroepiploic artery and the gastroduodenal
artery within 3 mo. Whether a bridging duct can be
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used in animal allergenic LT will be determined in a
follow-up study.

COMMENTS
COMMENTS
Background

Biliary complications are a serious concern after liver transplantation (LT). Nonanastomotic strictures (NAS) have become the main type of biliary complication
in recent years. The reasons behind the NAS are complicated and involve
several factors. These factors include the use of reperfusion, postoperative
cytomegalovirus infection, hepatic artery ischemia, and poor HLA-match.

Research frontiers

Some researchers have confirmed that cofilin and heat shock protein 27
(HSP27) are very important in the assembly and disassembly of F-actin
microfilaments. Cofilin plays a key role in actin dynamics by promoting the
disassembly and assembly of actin filaments. The main functions of HSP27,
as a molecular chaperone, include the facilitation of the refolding of partially
denatured proteins into active conformations, and the modulation of F-actin and
cell movement.

Innovations and breakthroughs

To lessen the damage to F-actin caused by hepatic artery ischemia, we
designed a hepatic artery bridge animal model. This approach could avoid
potential surgical technical complications, making the operation easier
to perform, and the key sequences of LT, such as graft perfusion, cold
preservation, cold ischemia-reperfusion, warm ischemia-reperfusion, and the
anhepatic phase, still existed. Thus, this modified model could adequately
imitate the hepatic artery ischemia-reperfusion procedure in LT. The authors
placed a bridging duct between the right gastroepiploic artery and the
gastroduodenal artery and found that the bridging duct could lessen the
damage to F-actin caused by hepatic artery ischemia.

Applications

The study results suggest that hepatic artery ischemia aggravates damage to
bile canaliculi, and this damage can be lessened by the presence of a bridging
duct between the right gastroepiploic artery and the gastroduodenal artery
within 3 mo.

Terminology

The current methods of revascularization in liver transplantation can be
divided into two main groups according to whether the liver graft is reperfused
sequentially or simultaneously. The most commonly used procedure
for the revascularization of liver grafts is sequential portal and arterial
revascularization. However, sequential portal and arterial revascularization
increases warm ischemic injury to the bile ducts, which depends on the hepatic
artery. The disadvantage of simultaneous portal and arterial revascularization is
that it prolongs the warm ischemia time and the anhepatic phase, which can be
detrimental to patient mortality and morbidity related to the graft.

Peer-review

It is an interesting technique to prevent hepatic artery ischemia. This animal
model study is well-designed and the results are interesting and important.
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Abstract
AIM: To study the effects of QHF-cisplatin on H 22
hepatocellular carcinoma (HCC) and their mechanisms
of action.
METHODS: Sixty BALB/c mice were randomly divided
into a model group (n = 48) and a normal control
group (n = 12). An HCC xenograft tumor was created
by injecting H22 cells directly into the liver parenchyma
of the mice. The 48 BALB/c mice in the model group
were randomly divided into four groups: QHF, DDP
(cisplatin), QHF plus DDP, and model control. The
inhibitory effects of these drugs on tumor growth were
evaluated by calculating the rate of tumor growth
inhibition. The mice were examined by observing their
general condition, body weight and survival time.
Changes in tumor tissue were observed under an
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optical microscope. Aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and α-fetoprotein (AFP)
levels in serum were measured. Hepatocyte growth
factor (HGF), c-mesenchymal-epithelial transition
(c-Met) factor, phosphorylated (p)-c-Met, p38, p-p38,
extracellular signal-regulated kinase (ERK), p-ERK and
vascular endothelial growth factor (VEGF) levels were
evaluated in tumor and liver tissues using western
blotting.
RESULTS: Compared with the DDP group, a lower
incidence of toxic reactions and a higher survival time
were observed in the QHF plus DDP group. Tumor
weight was significantly lower in the QHF, DDP and QHF
plus DDP groups than in the model control group (0.24
± 0.07, 0.18 ± 0.03 and 0.14 ± 0.01 g vs 0.38 ± 0.05
g, respectively), and the differences were statistically
significant (P < 0.01). The rate of tumor growth
inhibition in the QHF, DDP and QHF plus DDP groups
was 38.7%, 52.6% and 63.5%, respectively. AST, ALT
and AFP levels in serum were significantly lower in the
QHF, DDP and QHF plus DDP groups compared to the
model control group (P < 0.05). Similarly, HGF, p-c-Met,
p-p38, p-ERK and VEGF levels in tumor tissue were
significantly lower in the QHF, DDP and QHF plus DDP
groups (P < 0.05).
CONCLUSION: QHF and DDP have an antiangiogenic
effect on H22 HCC in mice. QHF inhibits tumor growth
via blocking the HGF/c-Met signaling pathway, inhibiting
p38, ERK and VEGF signaling.
Key words: QHF formula; Cisplatin; Hepatocellular
carcinoma; H22 cells; Hepatocyte growth factor; c-Met
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: QHF and cisplatin (DDP) have an antian
giogenic effect on H22 hepatocellular carcinoma (HCC)
in mice. QHF in combination with low-dose DDP has
a synergistic antiangiogenic effect and can improve
survival and reduce the incidence of toxic reactions
in mice with H22 HCC. Moreover, QHF can significantly
decrease the expression of hepatocyte growth factor
and phosphorylated-c-mesenchymal-epithelial transition
factor in liver tumor tissue.

[1]

cancer . TCM researchers have found that the
treatment protocol of Qingrejiedu (clears away heat
and toxins), Huoxuehuayu (promotes blood flow
to remove stasis) and Fuzhengguben (strengthens
healthy qi and root) (QHF) can improve the function of
the immune system and its local microenvironment.
The protocol also inhibits tumor growth and therefore
[2]
prolongs survival time in cancer patients . Tumor
microenvironment, virus infection, and cell factors are
closely related to liver cancer. Chronic inflammation
of the liver, persistent infection by the hepatitis virus,
cell factors involved in solid tumor development, and
the generation of growth factors, constitute a complex
[3,4]
microenvironment . The liver microenvironment
consists of tumor cells, cytokines, growth factors,
mesenchymal cells and liver cancer development[5]
related genes and proteins . The development of
liver cancer involves abnormal molecular signaling
pathways, mainly the growth factor signaling pathways
[vascular endothelial growth factor (VEGF), plateletderived growth factor (PDGF), epidermal growth
factor (EGF), and hepatocyte growth factor (HGF)],
mitogen-activated protein kinase (MAPK) signaling
pathway, phosphatidylinositol-3-kinase (inositol)/AKT
(PI3K/AKT/mammalian) and WNT/β-catenin. From
a therapeutic point of view, modification of these
signaling cascades may help to reverse, delay or
[2,6]
prevent the process of carcinogenesis .
In a preliminary study, we found that the TCM
formula, QHF, had a significant therapeutic effect
[7]
in liver cancer . The inhibition of hepatocellular
carcinoma (HCC) invasion and metastasis is associated
with the MAPK signaling pathway, by inhibiting
extracellular signal-regulated kinase (ERK), activating
C-jun N-terminal kinase (JNK) and p38. However,
the mechanisms involved in the regulation of MAPK
upstream and downstream molecular targets are
unclear. Some researchers found that the MAPK
signaling pathway is activated by HGF through a
[8]
paracrine signal loop which interacts with c-Met .
Thus, on the basis of these findings, we propose the
following hypothesis: the anti-hepatoma effect of the
TCM, QHF, is mediated by the HGF/c-Met and MAPK
signaling pathways.

MATERIALS AND METHODS
Chen T, Yuan SJ, Wang J, Hu W. Mechanism of QHF-cisplatin
against hepatocellular carcinoma in a mouse model. World J
Gastroenterol 2015; 21(35): 10126-10136 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10126.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10126

INTRODUCTION
Traditional Chinese medicine (TCM) has unique, but
little known advantages in the treatment of liver
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Cell lines and experimental animals

H22 tumor cells were purchased from the Shanghai
Institute of Materia Medica, Chinese Academy of
Sciences, and were cultured by the Immune Research
Center at our university. SPF BALB/c mice of either sex
weighing 18-20 g were provided by the Laboratory
Animal Center of Huazhong University of Science and
Technology, Tongji Medical School, China (certificate
number SCXK (E) 2011-0061). The animals were
raised in laboratory conditions (20 ℃ ± 2 ℃, 55%-65%
humidity, 12 h/12 h light/dark, and ad libitum access
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to food and water).

Experimental drugs and reagents

Cinobufacini injection was purchased from Anhui
Toad Biochemical Co. Ltd. (Anhui, China); 20 (R)
ginsenoside Rg3 standard, Shanghai Source Leaves
Biotechnology Co. Ltd. (Shanghai, China); lentinan
standard, Nanjing Zelang Plant Extract Technology
Co. (Nanjing, China); cisplatin injection was from Qilu
Pharmaceutical Co. Ltd. (Jinan, China); pentobarbital
sodium, Merck (Shanghai, China); RIPA lysis buffer,
protease inhibitors (PMSF), phosphorylated protease
inhibitor, horseradish-peroxidase-labeled goat antimouse IgG (H + L), horseradish-peroxidase-labeled
goat anti-rabbit IgG (H + L), ERK/MAPK antibody,
and p38/MAPK antibody were purchased from Blue
Skies Biotechnology Research Institute; p-ERK/MAPK
and p-p38/MAPK antibodies were obtained from Cell
Signaling; angiogenic factor (VEGF) antibody, HGF
receptor (c-Met) antibody, and p-c-Met antibody were
gifts from Shanghai Biological Engineering Co. Ltd.,
China; developer, ECL chemiluminescence reagent,
and the BCA Protein Assay kit were purchased
from Wuhan Google Biotechnology Co. Ltd., China;
aspartate aminotransferase (AST/GOT) and alanine
aminotransferase (ALT/GPT) test kits were purchased
from Nanjing Jiancheng Bioengineering Institute,
China; The mouse α-fetoprotein (AFP) ELISA kit was
purchased from Shanghai Jin Ma Co. Ltd., China; and
hematoxylin was purchased from Beijing Bo Orson
Biological Technology Co. Ltd., China.

Drugs and reagents

(1) QHF formula preparation was made according to
compound cinobufotalin: Rg3: Panax notoginseng
saponins: Lentinan, formulated in the proportion of
57: 1: 0.4: 7. Cinobufotalin 800 mg/kg, Ginsenoside
Rg3 14 mg/kg, Notoginseng 5.5 mg/kg and Lentinan
100 mg/kg, a formula created by Professor Chen
[9]
Tao . All drugs were refrigerated at 4 ℃ (Figure 1);
(2) The cisplatin solution was diluted in normal saline
(NS) to a final concentration of 1 mg/mL and stored
in the dark at 4 ℃; (3) PBS solution: KCl 0.2 g, NaCl
8.0 g, KH2PO4 0.24 g, and Na2HPO4·12 H2O 3.58 g
in 1 L double distilled water, adjusted to pH 7.2 and
autoclaved to ensure it was sterile; (4) Electrophoresis
buffer: glycine 14.4 g, Tris 3.03 g, 10% SDS 10 mL in
1 L double distilled water; (5) Transfer buffer: glycine
14.4 g and Tris 3.03 g in 600 mL double distilled water.
Once dissolved, 200 mL methanol was added to the
solution up to 1 L; (6) TBST solution: Tris 2.42 g, NaCl
8.8 g, Tween-20 500 μL in double distilled water to 1 L,
with the pH adjusted to 7.4.

H22 hepatoma cell preparation

Under aseptic conditions, H 22 hepatoma tumorbearing mice were sacrificed by cervical dislocation 7
d after intraperitoneal inoculation of H22 tumor cells.

WJG|www.wjgnet.com

The tumor cells in milk-white ascites were collected
aseptically and washed by centrifugation in D-Hanks
solution (800 r/min × 5 min, twice). The trypan blue
dye exclusion assay was carried out to detect cell
viability, which was ≥ 95%. H22 cells were diluted with
8
NS and the cell concentration was adjusted to 5 × 10 /
mL and then placed on ice until use.

Construction of mouse xenograft tumor models of HCC

Sixty male or female BALB/c mice were randomly
divided into a model group of 48 and a normal
control group of 12. Mice in the model group were
anesthetized using 1% sodium pentobarbital (40 mg/
kg, intraperitoneally) and fixed in the supine position
on an experimental board, which had been disinfected
with iodine. The linea alba was incised to reveal
the abdominal cavity. The rib cage was then gently
pressed to expose the liver and the liver lobe closest to
the surface was injected with tumor cells. The syringe
needle pierced the liver about 1 cm and the cell
suspension was slowly injected into the liver lobe (0.03
6
mL containing about 3 × 10 H22 hepatoma cells). The
liver was returned to the abdominal cavity and the
abdomen was sutured layer by layer. Similarly, mice in
the normal control group were injected with NS using
strict aseptic techniques.

Tissue specimen preparation and index detection

A total of 60 BALB/c mice were randomly divided into
a model group of 48, consisting of a model control
group, QHF formula group, DDP (cisplatin) group, and
combination group (QHF + DDP) of 12 mice each, and
a normal control group of 12 mice. During the first
3 d, mice in the normal control group were injected
intraperitoneally with NS. The HCC xenograft tumor
model groups received DDP (intraperitoneal), QHF
formula (intragastric), QHF (intragastric) combined
with DDP (intraperitoneal) and NS (intraperitoneal),
at a dose of 10 mL/kg for 15 d. Tissue specimen
preparation was carried out, and the rate of tumor
inhibition and the levels of AST, ALT and AFP in serum
were assessed.
Following the last day of drug administration, tumor
tissue samples were removed from the mice killed by
cervical dislocation after eyeball blood was collected.
Under sterile conditions, the tumors were weighed.
The rate of tumor inhibition was calculated using the
following formula: Inhibition rate (%) = [tumor weight
of NS group (g) - tumor weight of treatment group
(g)]/tumor weight of NS group (g) × 100%. After
weighing, the tumor mass was divided into two parts:
one part was frozen at -80 ℃ for further analysis and
the other part was fixed in 4% paraformaldehyde
at 4 ℃ for 4 h, stained with hematoxylin and eosin,
embedded in paraffin, and slices prepared for
microscopic examination of changes in mouse liver
tissue morphology.
Blood obtained from the eyeballs was immediately
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placed in Eppendorf tubes containing heparin and maintained at 4 ℃. The tubes were centrifuged at 3000 rev/min for 10 min. The upper serum was used in a
microplate assay of serum AST and ALT levels.
AFP was detected by ELISA as follows: dilution of the standards, blank plates, standard plates and sample plates were set up, respectively. An accurate enzyme
sample of 50 μL was added to the standard plates. To each sample plate, 40 μL diluent plus 10 μL sample was added. The final sample was diluted five times and the
samples were mixed by gentle shaking. Following closure of the plate membrane, the samples were incubated at 37 ℃ for 30 min in an air bath, washed five times,
and each sample was patted dry. Enzyme standard reagent of 50 μL was added to each plate, except for the blank plates, the plates were incubated and then washed.

Figure 1 High performance liquid chromatography of QHF group formula.
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together with electrophoresis buffer, a pulling comb
and the sample. Electrophoresis was carried out at
70 V to the bromophenol blue concentrate layer, for
about 40 min, and then the voltage was increased to
110 V. When the bromophenol blue migrated to the
lower edge of the separation gel, electrophoresis was
stopped (about 2 h).

Table 1 Configuration of the 12% separating gel and 5%
stacking gel
Component

12% separating gel

5% stacking gel

7.5 mL

3 mL

H 2O
1.5 mol/L Tris (pH 8.8)
1.0 mol/L Tris (pH 6.8)
30% Ace-Bis (29:1)
10% SDS
10% APS
TEMED

2.47 mL
1.88 mL
3 mL
75 μL
75 μL
3 μL

2.1 mL
0.375 mL
0.5 mL
30 μL
30 μL
3 μL

Transfer film

TEMED: N,N,N’,N’-tetramethylethylendiamine; SDS: Sodium dodecyl
sulfate; APS: Ammonium persulfate.

For color development, 50 μL chromogenic agent A
plus 50 μL chromogenic agent B were added and the
samples blended by oscillation for 10 min at 37 ℃ in
the absence of light. To terminate the reaction, 50 μL
stop solution was added to each well. The termination
liquid was examined within 15 min at OD450.
A western blot assay was used to detect the
expression of HGF, c-Met, p38/MAPK, ERK/MAPK and
VEGF in liver tumor and liver tissue.

Protein sample preparation

Lysates were collected a few minutes after adding
PMSF and phosphorylase inhibitors. Stock solutions
of PMSF and phosphorylase inhibitors were prepared
at a final concentration of 1 mmol/L. A 30-mg sample
of frozen tissue was taken and 300 μL protein lysate
was added. The sample was placed in a precooled
homogenizer and milled until fully cleaved. The sample
was then placed on ice for 5 min, centrifuged at 12000
rev/min for 10 min and the supernatant was placed
in a new 0.5-mL Eppendorf tube. A 5-μL aliquot of
the isolated protein sample was used to determine
the protein content, and the remainder was added to
5× the concentration of SDS-PAGE protein sample
buffer, and the tube was placed in boiling water for 5
min to denature the proteins and stored at -80 ℃ for
subsequent analysis.

Determination of protein content

The BCA protein assay kit instructions were carefully
followed and a standard curve was constructed. The
working BCA solution was diluted with PBS solution,
after dilution of the protein sample by 1:10, and 20
μL diluents were added to 96-well plates containing
200 μL BCA solution. The plates were kept at 37 ℃
for 30 min and OD562 was measured. The protein
concentration in the sample was calculated using the
standard curve.

SDS-PAGE

The 12% separating gel and 5% stacking gel
configurations are shown in Table 1. After stacking, the
glass plates were placed in the electrophoresis tank,
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The transfer buffer was precooled to 4 ℃. After
electrophoresis, the gel was removed, the stacking gel
excised, and the gel and filter paper soaked in transfer
buffer. The nitrocellulose membrane was immersed
in methanol and after 30 s and placed in the transfer
buffer. The filter paper, nitrocellulose membranes, gels,
and filters were then placed in an electricity transfer
tank set at the correct polarity, ice was added, and a
current of 250 mA applied to the transfer film for 90
min.

Immune response

The PVDF membrane was blocked by TBST solution
containing 5% skimmed milk at room temperature
and decolored in a shaker for 2 h. Membranes were
washed with TBST three times, for 10 min each, in a
shaker. Primary antibody (ERK, p38, p-ERK, p-p38)
with an anti-dilution solution at 1:800 dilution was then
added to the PVDF membrane containing the target
protein. Samples were maintained at 4 ℃ and placed
on a shaker overnight. The membranes were washed
with TBST, and washed again three times (vide supra)
and a horseradish-peroxidase-labeled secondary
antibody (with TBST at 1:2500 dilution) was added at
room temperature, shaken for 2 h and the membranes
were again washed three times.

ECL chemiluminescence, developing and fixing

The ECL fluorescence detection reagents A and B were
mixed in equal volumes in a dark room, and then
dripped onto the PVDF membrane. An X-ray film was
placed on the PVDF membrane and the exposure time
adjusted in accordance with the luminous intensity.
The X-ray film was then placed in developing liquid
and the negatives rinsed in tap water. They were then
placed in fixing solution until the strip was clear, rinsed
in tap water and left to dry.

Data processing

The relative protein content was determined using
Gelpro32 software analysis, with an integrated OD of
the target protein bands/β-actin protein bands.

Statistical analysis

The statistical methods used in this study were
reviewed by Qing Deng from the Medical Science
College of China Three Gorges University who is a
teacher of Statistics. All data were analyzed using
SPSS version 13.0. Measurement data are expressed
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Figure 2 Changes in mouse body weight before and after drug administration. Data are expressed as mean ± SD, n = 10. aP < 0.05, bP < 0.01 vs Model group;
Control: Normal control group; Model: Model control group; DDP: Cisplatin group; QHF: QHF group; QHF + DDP: QHF plus cisplatin group.

as the mean ± SD. Differences between groups
were analyzed by one-way analysis of variance.
Homogeneous variance in each group was measured
with the Student-Newman-Keuls test, i.e., a Q
test) or Bonferroni multiple sample mean pairwise
comparison. When the variance in each group was
missing, Tamhane’s T2 method was used to compare
the experimental data between the two groups. The
differences were considered statistically significant
when P < 0.05.

RESULTS
Effect of Chinese herbal compound QHF on xenograft
HCC mouse models

Mice were administered drugs before and after a
change in body weight. During the first 4 d after
inoculation, that is, the second day after drug admini
stration, the mouse weight in the normal control group
increased linearly. The weight of mice in the model
control group increased for 10 d after inoculation (i.e.,
the first 8 d of administration). For the first 4 d, weight
did not change significantly and then there was a
downward trend. Changes in the body weight of mice
in the QHF group were not obvious, but showed a
tendency to increase. In contrast, in the QHF plus DDP
group and the DDP alone group, the weight of mice
significantly decreased, with the greatest weight loss
in the DDP group (Figure 2).

Effects of drugs on liver tumor growth, liver function
and expression of AFP

The tumor tissue was peeled from the liver, weighed
and the rate of growth inhibition calculated. In the QHF,
QHF plus DDP and DDP groups, the inhibition rates
were 38.7%, 63.5% and 52.6%, respectively. The
tumor mass in each treatment group was significantly
smaller than that in the model control group (P < 0.01).
Group pairwise comparisons revealed that the tumor
mass in the QHF plus DDP group was significantly

WJG|www.wjgnet.com

smaller than that in the QHF group (P < 0.01);
compared with the DDP group, tumor mass in the QHF
plus DDP group was not significantly different.
Serum AFP levels in the model control group were
higher than those in the normal control group (P <
0.01); compared with the model control group, the AFP
levels in the treatment groups were lower (P < 0.05);
and there were no statistical differences between the
treatment groups. In addition, levels of serum ALT
and AST in the model control group were significantly
increased compared with the normal control group (P
< 0.01). These results showed that liver function in
the model control group was abnormal. In the DDP
group, serum AST was significantly lower than that in
the model control group (P < 0.05). In the treatment
groups, serum AST activity appeared to decrease, but
was not significantly different when compared with
the model control group. In the QHF group, serum ALT
activity was significantly lower than that in the model
control group (P < 0.01). In the QHF plus DDP and
DDP groups, serum ALT activity appeared to be lower
than that in the model control group, but the difference
was not significant (Table 2).

Liver tumors and morphological observations

With the naked eye, the liver was bright red in color
in the normal control group, but was dark red in the
model group. In the model group, tumor was present
not only in the left mid-lobe which was inoculated
with tumor cells, but also on the surface of the other
liver lobes, and extended over a much larger area. In
the QHF, QHF plus DDP and DDP groups, the tumor
coverage area on the liver surface was significantly
reduced compared with the model control group. Most
of the tumor appeared in the left mid-lobe which had
been inoculated with tumor cells; in the other lobes
a smaller tumor/no tumor was present. Hematoxylin
and eosin staining revealed that liver tissue in the
normal control group was in order, but in the model
group liver cells had a disordered arrangement
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Table 2 Tumor quality in mouse xenograft models of hepatocellular carcinoma, inhibition rate and expression of aspartate
aminotransferase, Alanine aminotransferase and α-fetoprotein in serum (n = 10, mean ± SD)
Groups

Tumor mass (g)

Control
Model
QHF
QHF + DDP
DDP

/
0.3836 ± 0.0520
0.2353 ± 0.0709b
0.1401 ± 0.0145b,d
0.1819 ± 0.0269b

Inhibition rate

AFP (U/L)

AST (U/L)

ALT (U/L)

/
/
38.70%
63.50%
52.60%

8.2991 ± 0.5020
10.1266 ± 0.9538f
9.3479 ± 0.9329a,f
9.4775 ± 0.3631a,f
9.3836 ± 0.7724a,f

39.012 ± 2.8909
57.7102 ± 4.2786f
49.0341 ± 1.7405e
48.0122 ± 4.751b
40.4485 ± 2.0745a

31.1377 ± 3.7956
56.8068 ± 2.3614f
   29.3448 ± 3.7215b
50.4108 ± 3.8763f
56.0173 ± 3.1589f

a

P < 0.05, bP < 0.01 vs Model group; dP < 0.01 vs QHF group; eP < 0.05, fP < 0.01 vs Control group. Control: Normal control group; Model: Model control
group; DDP: Cisplatin group; QHF: QHF group; QHF + DDP: QHF plus cisplatin group. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
AFP: α-fetoprotein.

Control

Model

DDP

QHF

QHF + DDP

Figure 3 Mouse liver tumor morphology. Hematoxylin and eosin staining, magnification × 200. Control: Normal control group; Model: Model control group;
DDP: Cisplatin group; QHF: QHF group; QHF + DDP: QHF plus cisplatin group.
Control

Model

DDP

QHF

at the site of tumor invasion, with incomplete cell
morphology, deeper nuclear staining and many
areas of necrosis. Figure 3 shows the effects of
Chinese herbal compound QHF, QHF plus DDP and
DDP compared with the model control group. Liver
cell morphology was disordered; and hepatocyte
morphology, tumor invasion sites and deeper nuclear
staining could be seen. The necrotic area was smaller
than that in the model control group.

QHF + DDP
60 kDa

HGF
34 kDa
b-actin

43 kDa
b

2.0

HGF

1.8

Purpose/b-actin

1.6
1.4

Mechanism of action of Chinese herbal compound QHF
on mouse xenograft HCC models

b,d

1.2
1.0

The results of western blotting used to detect liver
tumors and the expression of HGF, c-Met, p-c-Met,
p38, p-p38, ERK, p-ERK and VEGF proteins were as
follows:

0.8
0.6

b,d

0.4

b,d

0.2
0.0

C

M

D

Q

QD

Figure 4 Expression of hepatocyte growth factor in mouse liver tumor. bP
< 0.01 vs group C; dP < 0.01 vs group M. Control: Normal control group; Model:
Model control group; DDP: Cisplatin group; QHF: QHF group; QHF + DDP:
QHF plus cisplatin group.
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Detection of HGF. Mice in the model group had
significantly increased HGF expression in liver and
tumor tissues compared with the normal control
group (P < 0.01). Compared with the model control
group, the treatment groups had lower levels of HGF
expression in liver and tumor tissues (P < 0.01). In
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b,d
0.8
b,d

0.6
0.4
0.2
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b
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Figure 6 p38 protein expression and p-p38 levels in mouse liver tumor. bP
< 0.01 vs group C; dP < 0.01 vs group M. Control: Normal control group; Model:
Model control group; DDP: Cisplatin group; QHF: QHF group; QHF + DDP:
QHF plus cisplatin group.

the QHF plus DDP group, the effect was even more
pronounced. These results clearly showed that QHF
inhibited the expression of HGF (Figure 4).
Detection of c-Met. Mice in the model group had
significantly increased p-c-Met expression in liver and
tumor tissues compared with the normal control group
(P < 0.01). Compared with the model control group,
the treatment groups had lower p-c-Met expression

WJG|www.wjgnet.com

M

D

Q

QD

Figure 7 ERK expression and p-ERK levels in mouse liver tumor. bP < 0.01
vs group C; cP < 0.05, dP < 0.01 vs group M. Control: Normal control group;
Model: Model control group; DDP: Cisplatin group; QHF: QHF group; QHF +
DDP: QHF plus cisplatin group.

Detection of p38. Compared with the normal control
group, mice in the model group showed significantly
increased p-p38 expression in liver and tumor tissues (P
< 0.01). Compared with the model control group, the
treatment groups exhibited lower p-p38 expression in
liver and tumor tissues (P < 0.01), with the effect in
the DDP group being more apparent. The expression of
p38 total protein was not obviously altered among the
groups. Thus, these results show that QHF inhibited
the p-38 signaling pathway (Figure 6).

1.4
1.2

C

in liver and tumor tissues (P < 0.01). The effects of
QHF plus DDP produced an even more obvious effect,
however, the expression of c-Met total protein was
unchanged in the treatment groups (Figure 5).

QHF + DDP

p-p38

Purpose/b-actin

0.8

0.2

Figure 5 c-Met protein expression and p-c-Met levels in mouse liver
tumor. bP < 0.01 vs group C; dP < 0.01 vs group M. Control: Normal control
group; Model: Model control group; DDP: Cisplatin group; QHF: QHF group;
QHF + DDP: QHF plus cisplatin group.

0.0

44 kDa
42 kDa

Detection of ERK. Compared with the normal control
group, the expression of p-ERK in liver and tumor
tissues was significantly increased in the model group
(P < 0.01). Compared with the model control group,
the treatment groups had lower p-ERK expression in
liver and tumor tissues (P < 0.05). The effect in the
QHF plus DDP group was even more obvious, however,
there was no change in the expression of ERK total
protein. These results showed that QHF inhibited the
ERK signaling pathway (Figure 7).
Detection of VEGF. Compared with the normal
control group, the expression of VEGF in liver and
tumor tissues was significantly increased in the model
group (P < 0.01). Compared with the model control
group, QHF significantly lowered the expression of
VEGF in liver and tumor tissues (P < 0.01). Compared
with the model control group, the expression of VEGF
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Figure 8 Vascular endothelial growth factor (VEGF) expression in mouse
liver tumor. aP < 0.05, bP < 0.01 vs group C; cP < 0.05, dP < 0.01 vs group M.
Control: Normal control group; Model: Model control group; DDP: Cisplatin
group; QHF: QHF group; QHF + DDP: QHF plus cisplatin group.

in the DDP group and the QHF plus DDP group was not
statistically significant. These results showed that QHF
inhibited the expression of VEGF (Figure 8).

DISCUSSION
The current treatments for HCC include liver surgery,
interventional chemotherapy, and biological therapy.
The purpose of treatment is to reduce the tumor
size or ideally kill the tumor cells. However, these
treatments have only a short-term beneficial influence,
but not long-term effects, with recurrence occurring
[10]
following radiotherapy after only 1-2 years . More
over, these well-intentioned interventions inevitably
damage the body’s normal function, suppress the
immune system, and may even promote the spread
of cancer, thus leading to failure in the desired curative
[11]
effect . Numerous clinicians have reported that TCM
improves symptoms in cancer patients, improves
[12]
quality of life, and prolongs survival time . Thus,
TCM plays an important role compared with other
treatments, especially for the many inoperable cases
and in patients who cannot tolerate radiotherapy or
[13]
conventional chemotherapy . It is especially valuable
following recurrence and metastasis after surgery or
radiotherapy in advanced cancer patients. In patients
treated with TCM, some severe symptoms are
significantly improved and survival time is prolonged.
Moreover, Chinese herbal compounds with multicomponents and multi-target characteristics may be
more suitable for comprehensive tumor treatment,
because they aim to improve the overall therapeutic
[14]
efficacy in cancer patients .
The Chinese herbal QHF formula is directed at
classical liver cancer “stasis”, “poison” and “virtual”
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pathogenic characteristics and aims at detoxification,
promoting blood circulation and strengthening the
multiple effective anti-HCC components. Using an
ingredients prescription screened uniform design
method, the tumor inhibition rate was 55.9% and the
life extension rate in the patients was 38.1%, arguably
[15]
better than the actions of each single herb . QHF
compound increased the proportion of tumor cells in
the G0/G1 phase, decreased the S phase, and induced
tumor cell apoptosis (apoptotic rate 33.9%). It also
reduced tumor tissue microvessel density by inhibiting
the formation of tumor blood vessels, and significantly
lowered VEGF, EGFR and matrix metalloproteinase
(MMP)-2 expression to control tumor metastasis and
recurrence. QHF combined with DDP can antagonize
DDP-induced leukopenia, thymus toxicity, spleen
atrophy and other toxic effects, with an inhibition rate
[16,17]
up to 82.5% and life extension rate of 87.0%
.
In recent years, it has been reported that there
is a close relationship between HGF/c-Met and liver
tumors, with pro-HGF secreted by stromal cells and
mesenchymal cells after proteolytic activation into
[18]
HGF . HGF through a paracrine-signaling loop
interacts with c-Met, inducing phosphorylation of the
cell surface specific receptor c-Met and activation of
a variety of intracellular signal transduction pathways
to produce many biological effects. By activating
mitogen-activated protein kinase (MAPK) and the
phosphatidylinositol enzyme (PI3K) cascade, epithelialmesenchymal transition can promote tumor survival.
c-Met can also directly activate p38, JNK and NF-κB,
which act together in cell cycle regulation, resistance
to phagocytosis, enhance cell movement, promote
[19]
angiogenesis and tumor growth . Associated HGF,
c-Met and VEGF pathways are also involved in pro
moting tumor survival. HGF/c-Met using the para
crine pathway can increase the induction of other
angiogenic factors, such as the secretion of MMP-1,
MMP-2, MMP-3, MMP-9 and VEGF, thereby initiating
angiogenesis. This sequence of events is intimately
involved in tumor metastasis, neovascularization and
[18,20]
the promotion of tumor cell growth and invasion
.
MAPK signaling, by activating ERK, JNK and p38
kinases, plays an important role in the repair of cell
[21]
morphology and dynamic reactions . The ERK/MAPK
signaling pathway (also known as the Raf/MEK/ERK
pathway) regulates cell proliferation and differentiation,
[22]
angiogenesis and coexistence . More importantly,
overexpression or activation of the components of
this pathway contributes to tumor occurrence, tumor
formation and metastasis of solid tumors. ERK/MAPK
signaling downstream of various growth factors
indicates that this pathway is of vital importance in the
[23-26]
activation of HCC
.
The present study shows that c-Met protein is
overexpressed in tumor and liver tissues, especially
at the site of tumor invasion and metastasis. There
was also a higher degree of differentiation in liver
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tumor tissues, which is one of the main indicators
of liver cancer in clinical pathology. HGF is a ligand
of c-Met, and its encoded proteins have important
physiological roles in survival, growth and migration
[27]
of different cells and tissues . Moreover, c-Met and
its ligand binding can cause its own phosphorylation,
thereby activating downstream JAK, PI3K/AKT and
ERK/MAPK signaling pathways, inducing cell apoptosis,
[28-30]
proliferation and migration and tumor metastasis
.
If we can inhibit HGF or prevent significant c-Met
protein phosphorylation, and thus inhibit the activation
of downstream signaling pathways, this should limit
the occurrence and development of tumors.
In the present study, it was found that the TCM,
QHF, can reduce liver tumor size and the surrounding
liver tissue expression of c-Met protein and phos
phorylated c-Met protein, and particularly reduce
the expression of the c-Met ligand, HGF protein. The
expression of HGF in tumor and liver tissues in the
QHF group was reduced more than that in the DDP
group. No difference in tumors and peripheral liver
tissue regulation of phosphorylated c-Met protein
was found between the QHF and the DDP groups.
It is noteworthy that the combined treatment group
had the most obvious effect on phosphorylated c-Met
protein and HGF. Clearly, QHF in combination with DDP
had an additional effect in regulating the expression
of c-Met and its ligand HGF. Furthermore, the c-Met
downstream activation of p38/MAPK, ERK/MAPK
protein detection revealed that QHF inhibits the c-Met
downstream ERK/MAPK, p38/MAPK signaling pathway.
Compared with the model control group, the amount
of p-ERK1/2 was reduced in the treatment group, and
phosphorylation of ERK1/2 protein was reduced more
in the DDP group than in the QHF group. There was
no significant difference between the combination and
DDP groups, which indicates that QHF in combination
with DDP had no additive effects in terms of regulating
the expression of ERK protein. Compared with the
model control group, the amount of p-p38 in the
treatment groups was significantly reduced. QHF
in combination with DDP in terms of regulating the
expression of p38 protein had no additive effect. In the
QHF group, there was a reduction in the expression of
the angiogenic factor, VEGF, in tumor and liver tissues,
and downregulation of VEGF protein, indicating that
QHF in combination with DDP in terms of regulating
the expression of VEGF protein had no additive
effect. Accordingly, QHF may function via inhibiting
the HGF/c-Met signaling pathway, thereby inhibiting
the downstream ERK/MAPK and p38/MAPK signaling
pathway. Inhibition of VEGF expression may also play
[31]
a major role . It is now known that QHF regulates
HGF/c-Met, but whether HGF/c-Met downstream of
p38/MAPK, the ERK/MAPK signaling pathway and the
regulation of VEGF play a direct role requires further
research.
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COMMENTS
COMMENTS
Background

The current treatments for hepatocellular carcinoma (HCC) include liver
surgery, interventional chemotherapy, and biological therapy, with the purpose
of reducing the tumor size or ideally killing the tumor cells. These treatments
have a good short-term influence, but no long-term effects. Traditional Chinese
medicine (TCM) has unique, but little known advantages in the treatment of liver
cancer. TCM can improve the function of the immune system and local tumor
microenvironment, inhibit tumor growth, and therefore prolong survival time in
cancer patients. The development of liver cancer involves abnormal molecular
signaling pathways, mainly the growth factor signaling pathways (vascular
endothelial growth factor, platelet-derived growth factor, epidermal growth factor
and hepatocyte growth factor (HGF)], mitogen-activated protein kinase (MAPK)
signaling pathway, phosphatidylinositol 3-kinase/AKT (PI3K/AKT/mammalian)
and WNT/β-catenin. From a therapeutic point of view, modification of these
signaling cascades may help to reverse, delay or prevent the process of
carcinogenesis.

Research frontiers

The anti-invasion and metastasis of HCC is associated with an effect on the
MAPK signaling pathway, by inhibiting extracellular signal-regulated kinase
(ERK), activation of C-jun N-terminal kinase (JNK), and p38. However, the
mechanisms involved in the regulation of MAPK upstream and downstream
molecular targets remain unclear. Some researchers have found that the MAPK
signaling pathway is activated by HGF through a paracrine signal loop that
interacts with c-Met. In recent years, it has been found that HGF/c-Met and liver
tumors have a close relationship.

Innovations and breakthroughs

Numerous clinicians have reported that TCM improves symptoms in cancer
patients, improves quality of life, and prolongs survival times. It is especially
valuable following recurrence and metastasis after surgery or radiotherapy
in advanced cancer patients. The research found that QHF reduced liver
tumor size and the surrounding liver tissue expression of c-Met protein and
phosphorylated c-Met protein, and particularly reduced the expression of the
c-Met ligand, HGF protein.

Applications

In recent years, it has been found that HGF/c-Met and liver tumors have a
close relationship, with pro-HGF secreted by stromal cells and mesenchymal
cells after proteolytic activation into HGF. If HGF can prevent significant c-Met
protein phosphorylation and thus inhibit the activation of downstream signaling
pathways, this should limit the occurrence and development of tumors.

Terminology

QHF formula: it is prepared based on compound cinobufotalin: Rg3: Panax
notoginseng saponins: Lentinan, formulated in the proportion of 57:1:0.4:7. The
formula consisting of Cinobufotalin 800 mg/kg, Ginsenoside Rg3 14 mg/kg,
Notoginseng 5.5 mg/kg and Lentinan 100 mg/kg, was created by Prof. Chen
Tao.

Peer-review

The present study confirms the curative effect of QHF on HCC and the
mechanism of HCG/c-Met signaling pathway. This manuscript is well written
and documented. It is suitable and worth publishing.
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Abstract
AIM: To investigate the molecular mechanisms of the
high IGF-1 level linking diabetes and cancers, which is
a risk factor.
METHODS: We used cell growth, wound healing
and transwell assay to evaluate the proliferation and
metastasis ability of the hepatocellular carcinoma
(HCC) cells. Western blot and reverse transcription
polymerase chain reaction were used to assess a
previously identified lysosomal protease, cathepsin
B (CTSB) expression in the HCC cell lines. C57 BL/6J
and KK-Ay diabetic mice are used to detect the growth
and metastasis of HCC cells that were depleted with
or without CTSB shRNA in vivo . Statistical significance
was determined by Student’s t -test.
RESULTS: IGF-1 promoted the growth and metastasis
of the HCC cell lines via its ability to enhance CTSB
expression in both a time-dependent and concen
tration-dependent manner. HCC cells grew much
faster in diabetic KK-Ay mice than in C57 BL/6J mice.
Additionally, more metastatic nodules were found in
the lungs of KK-Ay mice than the lungs of C57 BL/6J
mice. CTSB depletion protects against the tumorpromoting actions of IGF-1 in HCC cells, as well tumor
growth and metastasis both in vitro and in vivo .
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IGF-1 did not change the mRNA levels of CTSB but
prolonged the half-life of cathepsin B in Hepa 1-6 and
H22 cells. Our results showed that IGF-1 promotes the
growth and metastasis of the HCC cells most likely by
hindering CTSB degradation mediated by the ubiquitinproteasome system (UPS), but not autophagy. Over
expression of proteasome activator 28, a family of
activators of the 20S proteasome, could not only
restore IGF-1-inhibited UPS activity but also decrease
IGF-1-induced CTSB accumulation.
CONCLUSION: Our study demonstrates that IGF-1
promotes the growth and metastasis of hepatocellular
carcinoma by inhibition of proteasome-mediated CTSB
degradation.
Key words: IGF-1; Cathepsin B; Ubiquitin-proteasome
system; Hepatocellular carcinoma; Diabetes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: IGF-1 promoted the growth and metastasis of
the hepatocellular carcinoma via its ability to enhance
cathepsin B (CTSB) expression. CTSB depletion
protects against the tumor-promoting actions of IGF-1
in hepatocellular carcinoma (HCC) cells, as well tumor
growth and metastasis both in vitro and in vivo . Our
results showed that IGF-1 promotes HCC most likely by
hindering CTSB degradation mediated by the ubiquitinproteasome system (UPS). Proteasome activator 28
overexpression could not only restore IGF-1-inhibited
UPS activity but also decrease IGF-1-induced CTSB
accumulation. Our study demonstrates that targeting
CTSB expression may contribute to therapeutic strate
gies for the treatment of cancers associated with
diabetes.
Lei T, Ling X. IGF-1 promotes the growth and metastasis of
hepatocellular carcinoma via the inhibition of proteasomemediated cathepsin B degradation. World J Gastroenterol 2015;
21(35): 10137-10149 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i35/10137.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i35.10137

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
lethal cancers worldwide. Few effective treatments
exist partly because the cell- and molecular-based
mechanisms that contribute to the pathogenesis of
[1]
this tumor type are poorly understood . Although a
previous study revealed that the pathogenesis of HCC
was closely associated with chronic liver inflammation,
[2]
fibrosis and cirrhosis , most studies have indicated
that 5% to 30% of patients with HCC lack a readily
[3]
identifiable risk factor for their cancer . Notably, an
increased risk for HCC has been identified in patients
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with metabolic syndrome or insulin resistance. Recently,
IGF-1 has emerged as an important modulator in the
[4,5]
development and progression of cancers
. The
IGF signaling pathway is an important regulatory
mechanism of tumorigenesis and drug resistance
in many cancers. IGF-1, a member of the insulin
superfamily, has growth promoting and anabolic
effects that function in a dose-dependent manner.
The function of IGF-1 is regulated by IGF-1 receptor
(IGF-1R), a tyrosine kinase receptor that activates the
[6,7]
PI3K/Akt and MAPK pathways . Moreover, IGF-1R
expression is upregulated in HCC tissues, and using an
IGF-1R inhibitor can reduce the growth and invasion
[8]
of HCC cells . Indeed, IGF-1 has been confirmed to
be an inducer of many types of cancer including breast
[9]
cancer, colon cancer, pulmonary cancer, and HCC .
Cathepsins are a family of lysosomal proteases
that belong to cysteine, serine, or aspartic protease
[10]
classes . Several cathepsins participate in inflam
matory diseases such as rheumatoid arthritis,
[11,12]
atherosclerosis, periodontitis, and pancreatitis
.
Recent studies of cathepsin family functions have
focused on their cancer-regulating effects. Many
tumors in incipient stages have been shown to exhibit
elevated levels of proteases, which are thought to
play a crucial role in tumor angiogenesis, invasion and
[13-16]
metastasis
. During cancer progression, cathepsins
can not only cleave components of the extracellular
matrix and basement membrane but also activate
many other proteases that promote cancer invasion
[17]
and progression . CTSB, CTSK, and CTSS have
become novel anti-cancer pharmacological targets
in recent years. Moreover, increased expression of
some cathepsins has diagnostic value in several types
[18]
of cancer . However, in HCC, the regulatory effects
that may cause high cathepsin levels have not been
well defined. Hence, understanding the mechanisms
controlling cathepsin expression and degradation will
potentially guide the development of novel diagnostic
tools for early tumor detection and of diseasemodifying therapeutic strategies to combat tumors.
In our current study, we found that IGF-1 has a
relationship with the CTSB protein stability. IGF-I could
promote HCC cell growth and metastasis by enhancing
CTSB expression, and the genetic inhibition of CTSB
expression in HCC cells could decrease the IGF-1induced tumor-promoting effect in vitro and in vivo.
We further analyzed the mechanism of the regulatory
effect of IGF-1 on CTSB and found that IGF-1 most
likely promotes HCC by hindering CTSB degradation
mediated by IGF-1-impaired UPS activity.

MATERIALS AND METHODS
Materials

Anti-CTSB monoclonal antibodies were obtained from
Abcam (United States). Lentiviruses expressing CTSB
control-shRNA, CTSB shRNA1 and CTSB shRNA2 were
obtained from Transomic Technologies (United States).
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The plasmid Ub -GFP was obtained from Addgene.
All other materials, unless otherwise stated, were
obtained from Sigma-Aldrich (United States or China).

Cell Culture and stable cell line generation

Hepa 1-6 and H22 cell lines were purchased from the
Cell Culture Center of Peking Union Medical College
or Chinese Academy of Sciences (Beijing, China). The
cell lines were cultured under standard conditions.
To establish stably transfected cell lines expressing
CTSB-shRNA sequences, Hepa 1-6 cells were infected
with lentiviruses expressing CTSB control-shRNA,
CTSB-shRNA1 and CTSB-shRNA2 and selected in
the presence of 1 μg/mL puromycin for 4 wk. The
puromycin-resistant clones were individually expanded
into cell lines and screened for the extent of CTSB
protein expression by Western blot analysis.
For bioluminescent cell sorting, Hepa 1-6 cells
expressing control-shRNA, CTSB-shRNA1 or CTSBshRNA2 were transduced with a lentiviral vector
expressing the genes encoding firefly luciferase and
green fluorescent protein (Invabio, Shanghai, China).
Single cells were seeded in individual wells of 96-well
plates. High bioluminescent clones were selected
for further expansion and grown to develop an in
vivo bioluminescence imaging model of growth and
metastasis.

Migration and invasion assays

Hepa 1-6 and H22 cell monolayers were wounded with
a pipette tip, washed with PBS and cultured in 1% FBS
medium or 1% FBS medium with IGF-1 (100 nmol/L)
for 24 h. Images were captured at 0 and 24 h after
wounding with an microscope and the lesion area was
measured.
Transwell invasion assays were performed using
Transwell chambers with 8 μm pore size filter mem
branes (Millipore). Chambers were precoated with
10 μg/mL fibronectin on the lower surface, and the
polycarbonate filter was coated with Matrigel (30
TM
μg/well) (BD Matrigel Matrix). Then, the chambers
were inserted into 24-well culture plates. The cells
were starved overnight in assay media (DMEM media
containing 0.1% FBS), and then single cell suspensions
4
were seeded into the upper chamber (5 × 10 cells per
well in 0.1% FBS in DMEM or 1640 medium). After 24
h, the non-invaded cells on the upper side of the filter
were removed with a cotton swab. The invaded cells
were fixed in 4% paraformaldehyde in PBS, stained
with 0.5% toluidine in 2% Na2CO3, and counted
in eight random fields by brightfield microscopy at
magnification × 200.

Reverse transcription polymerase chain reaction

Total RNA was isolated from Hepa 1-6 cells (RNeasy
Kit; Qiagen) according to the manufacturer’s protocol.
cDNA was synthesized by reverse transcription using
an AMV-RT kit (Promega). Actin was used as the
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loading control. reverse transcription polymerase
chain reaction was performed using a Taq polymerase
MIX (Tiangen), according to the manufacturer’s
protocols. Samples were mixed with CATB or actin
primers, denatured at 95 ℃ for 5 min, and subjected
to 30 amplification cycles (94 ℃ for 1 min, 60 ℃ for
30 s, and 72 ℃ for 1 min), followed by a final 5 min
extension at 72 ℃, using a Thermo scientific PCR
System. PCR products were analyzed on 2% agarose
gels in TAE buffer.

Animal Studies

C57 BL/6J and KK-Ay diabetic mice were purchased
from Vital River Lab Animal Technology, Co., Ltd.
(Beijing, China) and housed under standard conditions
of humidity, room temperature, and light-dark cycles.
KK-Ay diabetic mice have higher level of blood glucose
(27-31 mmol/L) and plasma IGF-1 (710-730 ng/mL)
than normal C57 BL/6J mice. All mice were given free
access to food and water throughout the study. The
study protocol was approved by the Laboratory Animal
Care and Use Committee of the First Affiliated Hospital
of Liaoning Medical University.

Western blot

To analyze protein expression, the cells were lysed
in RIPA buffer [50 mmol/L Tris-HCl (pH 7.4), 1%
NP-40, 0.25% Na deoxycholate, 150 mmol/L
NaCl, and 1 mmol/L EDTA] supplemented with 50
mmol/L NaF, 20 mmol/L β-glycerophosphate and a
complete protease inhibitor cocktail (Roche). Protein
concentrations were determined by bicinchoninic acid
reagent. Proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDSPAGE; 12%, 10%, or 8% acrylamide) and transferred
to polyvinylidene fluoride (PVDF) membranes. The
blots were incubated overnight at 4 ℃ with primary
antibodies. After the blots were washed, they were
incubated with the appropriate HRP-conjugated
secondary antibody and processed to detect electro
chemiluminescence signals.

Mouse models of tumor growth and metastasis

Hepa 1-6 cells expressing control-shRNA or CTSB6
shRNA1 (2 × 10 cells per tumor) were harvested and
resuspended in 100 μL of PBS. The cells were injected
s.c. into the backs of 5-wk-old C57 BL/6J and KK-Ay
mice. Tumor volume (TV) was calculated using the
2
following formula: TV = W × L × 0.5.
6
For experimental metastasis, 3 × 10 tumor cells
in 200 μL PBS were injected into the lateral tail vein of
each mouse. Metastases were counted in a genotypeblinded fashion under a dissection scope. Tumor
growth and metastasis were also quantified using an
in vivo imaging system.

Bioluminescence imaging and analysis

In vivo optical imaging was performed using an IVIS
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Spectrum optical imaging system. Before imaging,
each mouse was administered an ip injection of 125
mg/kg luciferin (Caliper Life Science). The optical
signal was expressed as photon flux. To account for
inter-individual variability, the data were normalized
by determining the proliferation index [as reflected
by the ratio of bioluminescence imaging (BLI) activity
between two time points] for each animal.

Statistical analysis

All data are presented as the mean ± SEM. The sample
size of most experiments was chosen empirically
following previous experience in the assessment of
experimental variability. Generally, all experiments
were performed with n ≥ 3 biological replicates. P <
0.05 was statistically significant. Levels of significance
are indicated in the ﬁgure legends.

RESULTS
CTSB mediates the IGF-1-induced HCC-promoting effect

Previous investigations have shown that the IGF-1/
insulin system possesses potent mitogenic and promigratory properties and have extensively implicated
this system in many malignancies. In the current
study, we found that IGF-1 could not only promote
the proliferation of hepatocellular carcinoma cell lines
(Hep 1-6 and H22 cells) (Figure 1A) but also induce
the invasion and migration of these cell lines (Figure
1B and 1C). High expression levels of CTSB have
been linked to aggressiveness and poor prognosis
in several cancers, such as colorectal, hepatocellular
[19]
and ovarian carcinomas . Although both the IGF-1/
insulin system and CTSB are important risk factors
for the development of hepatocellular carcinoma, the
relationship between IGF-1 and high expression levels
of CTSB in the development of HCC has not yet been
reported. In this study, we found that IGF-1 could
upregulate the expression of CTSB in HCC cell lines
(Hepa 1-6 and H22 cells) in both a time-dependent
and concentration-dependent manner (Figure 1D and
1E).

CTSB depletion inhibited IGF-1-induced cancer cell
growth and invasion

To investigate the role of CTSB in IGF-1-induced
tumor proliferation and metastasis, Hepa 1-6 cells
stably transfected with control-shRNA, CTSB-shRNA1
or CTSB-shRNA2 were cultured in the absence or
presence of IGF-1. Indeed, CTSB depletion impeded
the ability of IGF-1 to induce the proliferation (Figure
2A), invasion and migration (Figure 2B and 2C) of
Hepa 1-6 cells, suggesting a potential role of CTSB in
IGF-1-induced HCC progression.
The genetically diabetic KK-Ay mouse has been
widely used as a relevant model of human type
[20]
2 diabetes (T2D) . Adult KK-Ay mice exhibited
hyperglycemia, hyperinsulinemia. and high plasma
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[21]

IGF-1 levels compared with C57 BL/6J mice .
We found that Hepa 1-6 cells grew much faster in
diabetic KK-Ay mice than in C57 BL/6J mice after
inoculation (Figure 3A). Additionally, a greater number
of metastatic nodules were found in the lungs of KKAy mice, whereas fewer metastases were found in the
lungs of C57 BL/6J mice (Figure 3B). To validate the
role of CTSB in IGF-1-accelerated tumor development,
we compared the tumor growth and metastasis of
cathepsin B knockdown Hepa 1-6 cells in KK-Ay mice
with that in C57 BL/6J mice. We found that cathepsin
B knockdown rarely repressed tumor growth and
metastasis in C57 BL/6J mice but that cathepsin B
knockdown could clearly reduce tumor growth and
metastasis in KK mice compared to normal CTSB
expression (Figure 3C and D). Taken together, these
results suggest that CTSB plays a crucial role in tumor
growth and metastasis in mice, particularly in mice
with T2D.

IGF-1 impeded CTSB degradation by inhibiting UPS
activity

Thus, we examined how IGF-1 caused CTSB accu
mulation, and we found that IGF-1 did not change
the mRNA levels of CTSB (Figure 4A) but prolonged
the half-life of cathepsin B in Hepa 1-6 and H22 cells
(Figure 4B). Autophagy and UPS, the two primary
proteolytic systems in cells, along with molecular
chaperones, constitute essential components of the
[22]
cellular quality control systems . To determine
mechanism of cathepsin B degradation, turnover
assays were conducted in the presence and absence of
bafilomycin, an inhibitor of later phase autophagy. The
turnover of LC3 protein could act as a control to show
the effects of bafilomycin. We found that cathepsin
B turnover was not inhibited by bafilomycin but was
inhibited by MG132, a proteasome inhibitor (Figure
4C), suggesting that IGF-1 interferes with cathepsin B
clearance by compromising the ubiquitin-proteasome
system (UPS). Insulin/IGF-1 signaling regulates UPS
[23]
activity via a deubiquitinating enzyme . We used
G76V
an Ub
-GFP reporter that contains a UFD signal
composed of a single, uncleavable, N-terminally linked
ubiquitin attached to GFP. The resulting fluorescent
chimera is a substrate for polyubiquitination and
[24]
proteasome-mediated proteolysis . In our study, we
found that IGF-1 impeded UPS activity in Hepa 1-6
cells (Figure 4D). Proteasome activator 28 (PA28γ),
which belongs to a family of activators of the 20S
proteasome, binds to the 20S proteasome and
stimulates peptidase activity in an ATP-independent
[25]
manner . We further investigated whether PA28γ
overexpression could rescue UPS-mediated degra
dation, and we found that PA28γ overexpression not
only restored the UPS activity inhibited by IGF-1
(Figure 4E) but also decreased the CTSB accumulation
induced by IGF-1 (Figure 4F). The proliferation and
metastasis assays showed that PA28γ overexpression
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Figure 1 Cathepsin B mediates the IGF-1-induced hepatocellular carcinoma-promoting effect. A: Hepa 1-6 and H22 cells were treated with IGF-1 (100 nmol/L)
for 10 d. The data are presented as representative growth curves; B: Wound healing assay of Hepa 1-6 and H22 cells treated with IGF-1 for 24 h; C: IGF-1 induced
Hepa 1-6 and H22 cell invasion. In total, 1 × 105 Hepa 1-6 and H22 cells that had been treated with IGF-1 for 24 h were allowed to invade through Transwell inserts
(8 μm) coated with Matrigel. The cells on the lower surface of the chambers were stained and imaged. The data are presented as a representative Transwell assay
(scale bar, 20 μm); D and E: Hepa 1-6 and H22 cells were treated with IGF-1 (100 nmol/L) for the indicated times or treated with different IGF-1 concentrations for 12 h.
CTSB expression was determined by immunoblotting. The data are presented as representative immunoblots. Student’s t-test. bP < 0.01; cP < 0.001, IGF-1 group vs 1%
FBS group.

inhibited IGF-1-induced HCC cell growth and invasion
(Figure 5). Taken together, these results verify
that IGF-1 promoted the growth and metastasis of
hepatocellular carcinoma by inhibiting proteasomemediated CTSB degradation.
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DISCUSSION
Although insulin and IGF-1 have long been considered
to have a biological connection between energy
metabolic disorders and cancers, the potential
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mechanism has remained only partially understood.
Insulin/IGF receptor activation is generally thought to
trigger the PI3K-AKT and MAPK/ERK pathways, thus
promoting mitogenesis and antagonizing apoptosis
during tumor development. Pro-angiogenesis and
pro-migration also account for insulin/IGF-1-induced
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tumor development. However, clinical trials show that
targeting the insulin/IGF-1 signal does not produce
satisfactory efficacy against cancers.
Many insults including hepatic microbial infection,
hepatitis B and/or C, genotoxic agents, oxidative
stress-inducing DNA damage, and immune response
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imbalance can trigger tumor metastasis in the liver.
Proteases, particularly the matrix metalloproteinase
and cathepsin families, clearly play critical roles in
[26]
tumor cell migration and invasion . Cathepsins have
crucial functions in protein turnover in lysosomes
due to their different protease activities. In general,
cathepsins function in intercellular protein catabolism.
However, in tumor cells and other specific situations,
some cathepsins transit to tissue spaces and play an
extracellular role that results in tissue damage. While
persistent reports regarding the association between
cathepsins and cancer have been published for several
decades, the mechanism by which cathepsins are
involved in cancer genesis remains unclear.

WJG|www.wjgnet.com

Currently, the most important and researched
members of cathepsins associated with cancer genesis
are cathepsins B, G, C, and K. To date, dozens of
compounds targeting cathepsins have entered clinical
studies to treat various types of cancer. Numerous
studies have demonstrated that CTSB overexpression
correlates with invasion and metastasis in different
cancers. Similar to other reports, we observed
increased CTSB expression in cancer tissues compared
to that in normal tissues (data not shown), and we
also found that IGF-1 could increase CTSB protein
levels in different HCC cell lines but had no effect on
its mRNA levels. This finding illustrated that IGF-1 only
enhanced CTSB protein stability without changing its
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mRNA level.
Two different degradation pathways exist in human
cells; one pathway is the ubiquitin-proteasome system,
and the other is autophagy. In this study, CTSB
degradation occurred primarily via the UPS pathway as
confirmed using an inhibitor of UPS or autophagy. The
UPS pathway plays an important role in the regulation
of cellular proteins involved in transcription, apoptosis,
[27-30]
adhesion, angiogenesis and tumor cell growth
.
Thus, knowing the function of UPS under different
situations is important for cancer research. In our
study, IGF-1 could inhibit UPS pathway activity, which
resulted in CTSB accumulation in different HCC cells.
Increased CTSB expression mediated the malignancypromoting actions of IGF-1, whereas CTSB knockdown
reversed the IGF-induced cancer cell proliferation and
invasion. We also observed that CTSB knockdown in
Hepa 1-6 cells markedly decreased the tumor size and
metastasis number in KK-Ay mice; however, this effect
was weaker in C57 BL/6J mice. This phenomenon
illustrated that CTSB is more important for cancer
development and progression in metabolic syndrome
patients. Taken together, our study demonstrates
that targeting CTSB expression may contribute to
therapeutic strategies for the treatment of cancers
associated with diabetes.
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Background

Hepatocellular carcinoma (HCC) is one of the most lethal cancers worldwide.
Few effective treatments exist partly because the cell- and molecular-based
mechanisms that contribute to the pathogenesis of this tumor type are poorly
understood. Although a previous study revealed that the pathogenesis of HCC
was closely associated with chronic liver inflammation, fibrosis and cirrhosis,
most studies have indicated that 5% to 30% of patients with HCC lack a readily
identifiable risk factor for their cancer. Notably, an increased risk for HCC
has been identified in patients with metabolic syndrome or insulin resistance.
Recently, IGF-1 has emerged as an important modulator in the development
and progression of cancers. In this study, we investigated the how IGF-1
participated in the progression of HCC.

Research frontiers

Although insulin and IGF-1 have long been considered to have a biological
connection between energy metabolic disorders and cancers, the potential
mechanism has remained only partially understood. Insulin/IGF receptor
activation is generally thought to trigger the PI3K-AKT and MAPK/ERK
pathways, thus promoting mitogenesis and antagonizing apoptosis during tumor
development. Pro-angiogenesis and pro-migration also account for insulin/IGF1-induced tumor development. However, clinical trials show that targeting the
insulin/IGF-1 signal does not produce satisfactory efficacy against cancers.

Innovations and breakthroughs

Cathepsins are a family of lysosomal proteases that belong to cysteine, serine,
or aspartic protease classes. Recent studies of cathepsin family functions have
focused on their cancer-regulating effects. Many tumors in incipient stages have
been shown to exhibit elevated levels of proteases, which are thought to play
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a crucial role in tumor angiogenesis, invasion and metastasis. During cancer
progression, cathepsins can not only cleave components of the extracellular
matrix and basement membrane but also activate many other proteases that
promote cancer invasion and progression.
However, in HCC, the regulatory effects that may cause high cathepsin
levels have not been well defined. Hence, understanding the mechanisms
controlling cathepsin expression and degradation will potentially guide the
development of novel diagnostic tools for early tumor detection and of diseasemodifying therapeutic strategies to combat tumors.
This study found that IGF-1 has a relationship with the cathepsin B (CTSB)
protein stability. IGF-I could promote HCC cell growth and metastasis by
enhancing CTSB expression, and the genetic inhibition of CTSB expression
in HCC cells could decrease the IGF-1-induced tumor-promoting effect in vitro
and in vivo. This study further analyzed the mechanism of the regulatory effect
of IGF-1 on CTSB and found that IGF-1 most likely promotes HCC by hindering
CTSB degradation mediated by IGF-1-impaired UPS activity.

9
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12

13

Applications

This study suggested that targeting CTSB may be a useful strategy for HCC
patient with diabetes.

14

Terminology

Cathepsins are a family of lysosomal proteases that belong to cysteine, serine,
or aspartic protease classes.
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Peer-review
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In general, this is a good paper describing the effect of IGF-1 on HCC
proliferation, migration, and metastasis. The authors found CTSB as a
downstream target of IGF-1 controlling the mechanism above. The mechanism
of IGF-1 controlling CTSB level through protein degradation is pretty well
demonstrated.
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Abstract
AIM: To analyze the polymorphisms of CTLA-4 gene
involved in the response against hepatitis C virus (HCV)
infection.
METHODS: We recruited 500 hemodialysed patients
from several hemodialysis centers, all HCV-antibody
positive, spread over different regions of Tunisia,
as part of a national survey in 2008 conducted in
the laboratory of immunology at the Charles Nicolle
hospital Tunisia, classified into two groups G1 (PCR+)
and G2 (PCR-) according to the presence or absence
of viral RNA. Of these patients, 307 were followed
prospectively on a viral molecular level over a period
from 2002 to 2008, divided into two groups based on
the persistence and viral clearance. PCR-RFLP was
performed for the analysis of SNPs (+49) A/G and
(+6230) G/A CTLA-4 for these 500 patients and 358
healthy controls.
RESULTS: Analysis of clinical and virological charac
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teristics of our cohort suggests a nosocomial infection
in our hemodialysed patients with transfusion history as
a primary risk factor and a predominance of genotype
1b. The haplotype analysis revealed an increase of
frequencies of GG (+49)/(CT60) CTLA-4 in the entire
patients group compared to controls (P = 0.0036 and
OR = 1.42; 95%CI: 1.12-1.79, respectively). This
haplotype is therefore associated with susceptibility to
HCV infection.
CONCLUSION: Our study suggests a possible role of

CTLA-4 polymorphisms in the outcome of HCV infection
in the Tunisian hemodialysed population.

Key words: Hepatitis C virus; Hemodialysis; Natural
evolution; CTLA-4 polymorphisms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinical and virological characteristics of
our cohort suggest a nosocomial hepatitis C virus
(HCV) infection in Tunisian hemodialysis patients
with transfusion history as a primary risk factor and a
predominance of genotype 1b. No significant association
was found for the two CTLA-4 SNPs studied either
to spontaneous clearance, persistence or protection
against HCV infection. The GG (+49)/(CT60) CTLA-4
haplotype is therefore associated with susceptibility to
HCV infection. The study of other susceptibility genes for
HCV infection will certainly allow a better understanding
of the molecular mechanisms of spontaneous viral
clearance or persistence of HCV infection.
Ksiaa Cheikhrouhou L, Lakhoua-Gorgi Y, Sfar I, Jendoubi-Ayed
S, Aouadi H, Makhlouf M, Ayed K, Ben Abdallah T. Natural
evolution of hepatitis C virus infection in hemodialysis Tunisian
patients and CTLA-4 SNP’s. World J Gastroenterol 2015;
21(35): 10150-10158 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i35/10150.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i35.10150

INTRODUCTION
Hepatitis C is relatively a common disease. An
estimated 3% of the world population is chronically
infected, and hepatitis C virus (HCV) is responsible of
about 70% of cases of chronic hepatitis, cirrhosis and
[1]
a major cause of hepatocellular carcinoma (HCC) .
Only 20% of infected patients spontaneously clear the
virus.
The reason for this variation in disease expression
is unknown and has been correlated with a strong
immune response. Both CD4+ T helper and CD8+
cytotoxic T lymphocyte (CTL) responses are important
[2]
in the response to HCV infection .
In early HCV infection, a vigorous CD4+ T cell
response is associated with viral clearance. In contrast,
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patients developing a chronic infection show a pre
dominant Th2 response. These findings indicate that the
ability to mount an efficient cellular immune response is
the main mechanism responsible for HCV control, while a
[3]
defect in this response leads to chronicity .
Host genetic factors that govern these responses may
also modify the course of HCV infection. Polymorphisms
in HLA molecules, as well as inflammatory molecules
genes, appear to be associated with natural clearance
[4,5]
and chronic progression of HCV infection . We and
others have recently described the association of
polymorphisms in chemokine and cytokine genes with
[6,7]
both clearance and progression of HCV infection .
Differences in chemokine and cytokine expression
between Th1 and Th2 cells might explain the regu
lating T helper cell polarization and their selective
recruitment to liver tissue.
The CTL antigen-4 (CTLA-4), encoded by a gene on
chromosome 2q33, is expressed on activated CD4+
and CD8+ T cells. It binds to the ligands B7-1 (CD80)
[8]
and B7-2 (CD86) and down regulates T cell function .
Mice deficient in CTLA-4 exhibit polyclonal T cell
[9]
activation and proliferation . CTLA-4 gene has several
polymorphic markers and the most frequently studied
are +49 A/G in exon 1 and CT60 at 3’ untranslated
[10]
region . Change of +49A for allele G causes thre
onine to alanine conversion in CTLA-4 protein. In
vitro study demonstrated that the presence of the
G allele results in inefficient CTLA-4 glycosylation
and reduced cell surface expression. The CT60 poly
morphism represents substitution of A to G at +6230
[11]
region leading to reduced mRNA expression . These
polymorphisms have been extensively studied with
association to several autoimmune disorders and
infectious diseases.
The aim of this study was to investigate the
distribution of SNPs (+49) A/G and (CT60) G/A
CTLA-4 in HCV infected hemodialysis Tunisian patients
in comparison with healthy controls. Furthermore,
we have analyzed the association of particular
genotypes with outcomes of HCV infection, in terms of
susceptibility to HCV infection, spontaneous clearance
or viral persistence.

MATERIALS AND METHODS
Study subjects

This retrospective study involved 500 HCV-infected
individuals dialyzed with confirmed antibody positivity
to HCV. Dialyzed patients were recruited from different
hemodialysis centers spread over different regions of
Tunisia, as part of the national survey conducted in
2008 in the Laboratory of Immunology at the Charles
Nicolle hospital, Tunisia. They were negative for hepatitis
B surface antigen (HBsAg) and HIV infection. Data from
each patient included age at diagnosis, gender and
possible risk factors for HCV (such as transfusion) were
obtained at the hemodialysis centers. Total patients
were matched in age and gender and were divided into
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Table 1 Sequences of primer and PCR conditions
Polymorphisms
CTLA-4
(+49) A/G

Primers

Temperature, time and cycles for PCR
Initial denaturation for 4min at 94 ℃, 35 cycles of 30 s at 94 ℃, 30 s at
67 ℃ and 1 min at 72 ℃ and final elongation 5 min at 72 ℃

Forward:
5’CAAGGCTCAGCTGAACCTGGGT3’
Reverse:
5’TACCTTTAACTTCTGGCTTTG3’
Forward
CT60 Sens:
5’ CACCACTATTTGGGATATACC 3’
Reverse
CT60 Antis:
5’ AGCTCTATATTTCAGGAAGGC 3’

CTLA-4
(+6230) G/A

Initial denaturation for 5 min at 94 ℃, 30 cycles of 40 s at 94 ℃, 30 s at
61 ℃ and 50 s at 72 ℃ and final elongation 7 min at 72 ℃

two groups according to the presence or absence of viral
RNA in 2008: Group 1 (G1) included 240 patients who
were HCV-RNA positive; and Group 2 (G2) consisted
of 260 subjects who were HCV-RNA negative. Among
the 500 patients, 307 were prospectively followed
at a serological and molecular level of HCV infection
over a period of 6 years, from 2002 to 2008. These
patients were classified into: “Persistence group” which
included 159 patients with persistent HCV infection as
assessed by two positive PCR tests for HCV-RNA, and
“Clearance group” consisting of 148 subjects considered
to have spontaneously recovered from HCV infection
as suggested by two negative consecutive HCV-PCR
detections one year apart. None of these patients had
received treatment for HCV infection before entering
the study. In addition, blood samples were obtained
from 358 ethnically and geographically matched healthy
individuals who tested negative for HBsAg, HIV-Ab and
HCV-Ab. These 358 subjects served as a control group.
The study was approved by the ethics committee of
Charles Nicolle Hospital (Tunis, Tunisia) and all patients
gave informed consent.

HCV RNA detection

HCV RNA in serum was detected by RT-PCR (InnoLipa HCV II, Innogenetics, Belgium) according to the
manufacturer’s instructions. Patients who were HCVPCR positive on the initial assessment and became
consistently HCV-PCR negative were classified HCV-PCR
negative.

Typing HCV

HCV genotypes were determined by inverse hybri
dization using a specific oligonucleotide probe assay
(HCV Genotype Assay Lipa Innogenetics).

DNA extraction

Blood samples were collected in EDTA, and DNA was
isolated by the Salting-Out method reported by Miller
[12]
et al .

Detection of CTLA-4 SNP’s

Typing of exon 1 A/G transition at position +49 and
3’ UTR (+6230) G/A CTLA-4 gene polymorphisms
was achieved by the PCR-RFLP (Restriction Fragment

WJG|www.wjgnet.com

Length Polymorphism) method using a PCR System
2700 Thermal Cycler (Applied Biosystems, Gene Amp
®
). The PCR protocol and the primers used are listed
in Table 1. PCR was carried out in a final volume of
25 µL containing 50 ng of genomic DNA, 1.5 mmol/L
MgCl2, 0.2 mmol/L dNTP, 10 pmol of each primer and
0.5 U of Taq DNA polymerase (Promega United States).
All PCR products were confirmed by 2% agarose gel
electrophoresis. Three microliters of reaction mixture
from each sample was digested with 5 U KpnI restriction
enzyme for (+49) CTLA-4, 5 U NcoI restriction enzyme
for CT60 CTLA-4 at 37 ℃ for 16 h. These products were
loaded into 4% agarose gels and stained by ethidium
bromide.

Statistical analysis

Genotype and allele frequencies were performed using
the SPSS 17.0. Haplotype frequencies and HardyWeinberg equilibrium P values were estimated by the
web site http://bioinfo.iconcologia.net/snpstats/start.
html. Statistical comparisons were made between the
2
different groups of patients and controls by the χ test
calculated on 2 × 2 contingency tables. The Fisher’s
exact test was used when expected cell values were
less than 5. A P value less than 0.05 was considered
statistically significant. The strength of the association
between genotypes or alleles in each group was
estimated by calculating the odds ratios (OR) and
95%CI using the same software. Logistic regression
models were used to evaluate the relationships with
the different factors (including confounders) and to
estimate adjusted ORs (Exp(B)).

RESULTS
The clinical and virological characteristics of the total
patient population are summarized in Table 2. Two
hundred and forty eight men and 252 women with a
mean age of 54.8 ± 14.17 years were recruited from
102 dialysis centers (23 from the public sector and 79
from the private sector) with a regional distribution as
follows: 44% in Tunis, 26.2% in the South, 10% in the
North West, 9.2% in Central, 6.6% in the North and 4%
in the North East. One hundred and sixty nine patients
(71%) had a history indicating risk of exposure to HCV

10152

September 21, 2015|Volume 21|Issue 35|

Ksiaa Cheikhrouhou L et al . Natural evolution of HCV infection in hemodialysis Tunisian patients
Table 2 Clinical and viral characteristics of total patients
group n (%)
Characteristics
Gender M/F (SR)
Age (mean ± SD, yr)
Regional distribution
Tunis
North west
North
North East
Center
South
Risk factors
Blood transfusions
Invasive procedures
Erythropoïetin
Sector
Private
Public
Hemodialysis average duration (mo)

g2a/2c
10%

Patients (n = 500)
248/252 (0.98)
54.8 ± 14.17

g4
11.20%
g1b
74%

g1a
3.20%

220 (44)
50 (10)
33 (6.6)
20 (4)
46 (9.2)
131 (26.2)

Figure 1 Distribution of different hepatitis C virus genotypes frequency in
G1.

169 (71)
128 (53.8)
103 (25)
405 (80)
94 (20)
118.17 ± 71.74

SR: Sex ratio.

due to blood transfusions and 53.8% due to surgical
or medical invasive procedures. Further characteristics
are listed in Table 2.
G1 was composed of 121 males and 119 females
(SR = 1.01), with a mean age of 54.7 ± 14.10 years.
Of G2, 127 were males and 133 were females (SR =
0.95) with a mean age of 54.8 ± 14.6.
In the persistence group, 82 were males and 77
female (SR = 1.06, mean age = 54.7 ± 14.10 years).
The clearance group were composed of 78 males and
70 females (SR = 1.11, mean age = 55 ± 14.01 years).
According to Table 3, we note that private dialysis
centers are much more common than public centers.
Nevertheless, this sectorization is not associated
with viral replication. Indeed, the private sector was
represented in 79.6% against 20.4% for the public
sector in G1 and 82.3% vs 17.7% in G2.
However, while the frequency of the private sector
was similar in the two groups of clearance (89.2%)
and persistence (83.6%), an increase in the frequency
of the public sector in the persistence group (16.4%)
compared to that in the clearance group (10.8%) was
observed.
Overall the distribution of different genotypes in
G1 reveals a predominance of genotype 1b (73.5%),
followed by genotype 4 (11.2%), genotype 2a/2c
(10%), then genotype 1a (3.2%) and genotype
3 (1.6%) (Figure 1) (HCV genotypes have been
determined in 189/240 patients with active viral
replication during the 2008 survey).
There is a great variability in the regional dis
tribution of genotypes of HCV, indeed, genotype 1b
is observed in all regions of Tunisia. It predominates
in the center (90.4%), the South (86.7%) and North
West (83.3%). This genotype is less common in Tunis
(69.7%), North East (50%) and the North (45.5%).
Apart from this genotype some areas are characterized
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g3
1.60%

by a relatively high frequency of a second genotype.
This is the case for genotype 2a/2c in the Northern
region (45.5%) and the South (13.3%) and also for
HCV-4 with a frequency range from 40% in the North
East to 9% in the North through the Tunis region
(14.1%) and the North West (11.1%). The frequency
of genotype 1a is relatively low, in the order of 6.1%
in the Tunis region and 4.8% in the Center. HCV
genotype-3 was observed in the North West (5.6%)
and Tunis (2%).
HCV genotypes were analyzed in only 142/159
patients with persistent HCV infection and in 39/148
hemodialysis patients who spontaneously cleared the
virus during the period 2002 to 2008 because the
serial and annual harvest of these 39 patients were
positive in the years 2002-2003 and consequently
HCV-RNA could be genotyped. As shown in Table 4, if
the frequencies of the genotypes 1b and 4 are similar,
HCV 2a/2c is observed among patients with persistent
viral replication compared to those having cleared the
virus spontaneously. However, this difference is not
statistically significant.

CTLA-4 polymorphisms

The genotype and allele frequencies of CTLA-4 gene
polymorphisms in hemodialysis patients and in the
control group are shown in Table 5.
Comparison of genotype and allele frequencies in
all HCV-infected patients and controls and between
other different groups of patients did not reveal a
significant difference.
Haplotypes formed by variants (+49) A/G and
(CT60) G/A were reconstructed in the cohort of 500
patients and the normal controls. A near-complete
linkage disequilibrium (LD) exists between these two
variants (D = 0.0627, D’ = 0.45, r = 0.27). The four
haplotypes (GG, GA, AA and AG) were present in all
groups studied (Table 6). The distribution of haplotypes
differed significantly between the total HCV infected
patients and healthy control groups. The (+49) G
(CT60) G haplotype was present in more of the entire
patient group compared to healthy controls (35.3% vs
29.9%, P = 0.0036; OR = 1.42; 95%CI: 1.12-1.79).
No significant association was found according to the
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Table 3 Number and sectorization of different hemodialysis groups n (%)
Groups
G1
G2
Persistence
Clearance

n

Region

240
260
159
148

n (%)

No. of centers

T

NW

N

NE

C

S

Pv

Pq

Pv

Pq

105 (43.7)
115 (44.3)
65 (40.9)
52 (35.2)

25 (10.4)
25 (9.6)
13 (8.2)
16 (10.8)

1 6 (6.7)
17 (6.5)
11 (6.9)
6 (4)

10 (4.2)
10 (3.8)
10 (6.3)
6 (4)

22 (9.2)
24 (9.2)
19 (11.9)
17 (11,5)

62 (25.8)
69 (26.6)
41 (25.9)
51 (34.5)

65
72
58
53

19
24
12
10

191 (79.6)
214 (82.3)
133 (83.6)
132 (89.2)

49 (20.4)
46 (17.7)
26 (16.4)
16 (10.8)

T: Tunis; NW: North West; N: North; C: Center; NE: North East; S: South; Pv: Private; Pq: Public.

Table 4 Distribution of different genotypes according to the
Persistence and Clearance groups n (%)
Genotypes

Persistence (n = 142)

Clearance (n = 39)

105 (73.9)
2 (1.4)
14 (9.9)
2 (1.4)
19 (13.4)
-

30 (76.9)
0
1 (2.6)
1 (2.6)
1 (2.6)
5 (12.8)
1 (2.5)

1b
1a
1a/1b
2a/2c
3
4
1b/4

presence or absence of RNA HCV, or to the persistence
or clearance of HCV infection.

DISCUSSION
The mechanisms that determine spontaneous viral
clearance following acute hepatitis or passage to the
chronic stage have not yet been fully elucidated. A
number of factors were studied: those related to the
[13]
[14]
virus; the mode of transmission , genotype , viral
[15]
load , its genetic variability or its coinfection with
[16]
other viruses . Other factors related to the host
have also been associated with the evolution of HCV
[13,17]
infection, such as sex, age, ethnicity
and genetic
[5]
susceptibility to infection by this virus .
Data from the literature suggest that patient’s
gender could predict the evolution of HCV infection.
Indeed, several studies have shown that female patients
have a statistically higher chance to spontaneously
[13,17]
eliminate the virus
. The relationship between
female gender and a better response to interferon
therapy has also been shown. Our study shows an
increase in the number of women in G2 compared to
men (133 f/127 m). However, this difference is not
statistically significant and confirms the results reported
[18]
by Cox et al
(2010) which excluded the role of sex
factor in the development of HCV infection.
Similarly, the age at infection was often involved
in the natural history of HCV infection, although
the role of this factor has been controversial in the
[19,20]
literature
. At younger ages, hepatic fibrosis
[19]
develops slowly , while patients infected at an older
age have more severe histological lesions and more
[21,22]
rapid progression to cirrhosis and HCC
. Therefore,
young age was associated with spontaneous viral
[19,23]
clearance of HCV
. In our study, the mean age of
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patients in the different groups and subgroups studied
was similar, which is consistent with literature data
that discriminate the role of this factor in the evolution
[18,24]
of viral hepatitis C
.
Hemodialysis patients are one of the high risk
groups for viral hepatitis, particularly HCV. It is now
well established in most epidemiological studies
performed in different populations, including Tunisia,
that HCV infection is statistically correlated to
[25-29]
transfusion history
. In our study, despite the
fact that 25% of hemodialysis patients have received
treatment for their anemia (recombinant human
erythropoietin) history of blood transfusions is the
main risk factor for HCV infection (71%).
The distribution of genotypes identified among
patients in our cohort revealed a predominance of
genotype 1b (74%) compared to other genotypes: 1a,
2a/2c, 3 and 4 (27%). These results are consistent
with those reported in the national survey of different
dialysis centers in the Laboratory of Immunology,
Charles Nicolle Hospital in 2001-2002, revealing a
[26]
frequency of 70.8% of HCV-1b . Also, the study of
[30]
Djebbi et al
(2003) performed during the same
period in the region of Tunis, on a sample of 93
patients infected with HCV, showed a predominance of
genotype 1b (79%) compared to other genotypes [2a
(7%), 1a (5%), 2b (3%), 3 (3%) and 4a (1%)].
The role of HCV genotype during the course of
infection to the chronic stage was analyzed by several
[31]
studies. Amoroso et al (1998) reported a persistence
rate of 92% in patients exposed to HCV genotype 1b
infection against 33%-50% in patients exposed to
[14]
other genotypes. Lehmann et al (2004) suggest that
infection with HCV-3 is associated, in the acute stage,
with viral clearance compared to those with genotype
1. Moreover, it is now accepted that the HCV genotype
appears to be a predictor of both the response to
antiviral treatment and duration of this therapy.
In our cohort, the prevalence of HCV-1b was
similar in patients with persistence of viral replication
over a period of 6 years (73.9%) and those who
spontaneously cleared the virus during the same
period (76.9%). It is the same for genotype 4 (13.4%
vs 12.8%). Although the frequency of HCV 3 was
low compared to other genotypes detected, it was
more frequently observed in the Clearance group
compared to the Persistence group (2.6% vs 1.4%).
Conversely, HCV-2a/2c genotype was more identified
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Table 5 Distribution of genotypes and allele frequencies of CTLA-4 polymorphisms in healthy controls, total hepatitis C virus
infected hemodialysis patients and different infected groups
Haplotypes
GA
GG
AG
AA

Controls

Patients

G1

G2

Persistence

Clearance

(n = 358)

(n = 500)

(n = 240)

(n = 260)

(n = 159)

(n = 148)

39%
29.9%
26.8%
4.2%

29.5%
35.3%1
25.2%
10%

36%
26.7%
25.7%
11.6%

34.5%
32.2%
24.9%
8.4%

35.2%
28.3%
26.5%
10%

36%
32.9%
22.8%
8.3%

1

P = 0.0036, OR = 1.42; 95%CI: 1.12-1.79.

Table 6 Haplotypic distribution of the 2 SNPs of CTLA-4 gene in different studied groups n (%)
SNPs
(+49) A/G CTLA4
Genotypes
AA
AG
GG
Alleles
A
G
(+6230) G/A CTLA4
Genotypes
GG
GA
AA
Alleles
G
A

Controls

Patients

G1

G2

Persistence

Clearance

(n = 358)

(n = 500)

(n = 240)

(n = 260)

(n = 159)

(n = 148)

43 (17.9)
93 (38.8)
104 (43.3)

34 (13.1)
105 (40.4)
121 (46.5)

25 (15.7)
66 (41.5)
68 (42.8)

40 (11.2)
142 (39.7)
176 (49.2)

77 (15.4)
198 (39.6)
225 (45)

19 (12.84)
54 (36.5)
75 (50.7)

0.31
0.69

0.352
0.648

179 (37.3)
301 (62.7)

173 (33.3)
347 (66.7)

116 (36.5)
202 (63.5)

92 (31.1)
204 (68.9)

124 (34.6)
158 (44.1)
76 (21.3)

194 (38.8)
217 (43.4)
89 (17.8)

97 (40.4)
102 (42.5)
41 (17.1)

97 (37.3)
115 (44.2)
48 (18.5)

65 (40.9)
66 (41.5)
28 (17.6)

55 (37.2)
64 (43.2)
29 (19.6)

0.567
0.433

0.605
0.395

296 (61.7)
184 (38.3)

309 (59.4)
211 (40.6)

196 (61.6)
122 (38.4)

174 (58.8)
124 (41.2)

among patients with persistent viral replication (9.9%)
compared to those who spontaneously cleared the
virus (2.6%).
There are variations in the distribution of geno
types in different regions of Tunisia. Genotype 1b
predominates in all regions, particularly in the center
(90.4%), the South (86.7%) and North West (83.3%).
Its frequency in the North West corroborates studies
[32]
[33]
by Ben Alaya Bouafif et al
(2007) and Mejri et al
(2005). Outside this region genotype1b and each of
the other regions is characterized by a high frequency
of a second genotype. The variability of distribution
of HCV genotypes among different regions suggests
a nosocomial infection in our hemodialysis cohort.
[34]
Phylogenetic analysis by Kchouk et al
(2013) for
[35]
genotype 4 and Djebbi et al
(2008) for HCV-1b
confirmed this hypothesis. This mode of transmission of
HCV, especially among hemodialysis patients, has been
well documented by epidemiological and phylogenetic
studies in different Spanish, French, Swiss, Iranian and
[36-41]
American populations
.
The CD4+ T cell and cytotoxic CD8+ T cell res
ponses implicated in HCV infection involve immunoregulating costimulatory molecules, such as CTLA-4
that acts as a negative regulator of the cell-mediated
[8,9,42,43]
immune response
. Thus, mutations in the gene
CTLA-4 could reduce or interfere with its function as a
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negative regulator and even promote the overgrowth of
the immune response. CTLA4 polymorphisms contribute
[10,44-46]
to the development of autoimmune diseases
, and
[47]
[48,49]
viral infections , including HCV
.
Polymorphism (+49) A/G in exon 1 of the gene
of human CTLA-4 has been extensively studied as it
affects the function of the inhibitory molecule CTLA-4.
The A allele (49) has been identified as protective and
the G allele is associated with increased susceptibility
to autoimmune diseases by reducing the expression
of CTLA-4 at the cell surface. The CT60 SNP is a
functional polymorphism and substitution A to G at
+6230 position in the 3’ NC of the CTLA-4 gene is
associated with lower rates of mRNA isoform of the
soluble molecule, resulting in an increase in T cell
[11]
activation by a defect in upregulation via CTLA-4 .
The G allele represents the risk allele for both loci.
Thus, SNPs (49) A/G and the (+6230) G/A CT60
CTLA-4 have been the subject of our cohort. But the
distribution of alleles and genotypes of these common
SNPs did not differ among different studied groups.
According to www.ncbi.nlm.nih.gov/SNP, the fre
quency of the allele (+49) G varies by ethnicity. It is
more common among Asians (65%) than Caucasians
(20%) or Africans (29%). Similarly, the G allele (CT60)
is more common among Asians (70%) and Africans
(80%) than Caucasians (50%).
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However, the two polymorphisms show different
statistical powers depending on the population studied.
[46]
Tunisian studies Krichen et al
(2010) and Hadj
[50]
Kacem et al
(2001) showed that these two risk
alleles are also present at a high frequency among
the controls. This frequency averaged 70% for the
variant (+49) G and 54% for the G allele (CT60).
These results are similar to those found in total HCV
infected hemodialysis patients in our study [(49) G =
69% (CT60) G = 57%]. In addition, the frequency of
the GG haplotype combination (+49) (CT60) of the
CTLA-4 gene was significantly higher in the patients in
our series compared to controls (35.3% vs 29.9%, P
= 0.0036, OR = 1.42, 95%CI: 1.12-1.79).
An US study associated the (+49) G allele with
a favorable response to combination therapy in
[51]
Caucasian patients infected with HCV genotype 1 .
[49]
In the study of Danilovic et al (2012), the two G risk
variants are associated with increased inflammation
in chronic hepatitis C, which corroborates the role,
suggested that the GG haplotype (+49) (CT60) CTLA-4
with susceptibility to HCV infection among the patients
in our study.
Other CTLA-4 SNPs have also been studied in
[10,47]
several autoimmune diseases
. This is, in particular,
a substitution of a cytosine by a thymine (C/T) at
[52]
position (-318) gene promoter , which is associated
with more high promoter activity, and therefore to
an increase in the expression of the molecule and its
immuno-regulatory activity. Similarly, repetition of the
base pairs of a microsatellite (AT)n in the 3’ UTR region
of exon 3 of the CTLA-4 gene may be associated with
instability of mRNA and a decrease in the transcription
[53,54]
of the gene and the expression of CTLA-4
. In a
German study haplotype (+49) A / (- 318) C CTLA-4
is associated with spontaneous resolution of HCV
[48]
[49]
infection among male patients . Danilovic et al
(2012) also reported that the polymorphism (AT)
n is associated with a progression to the chronic
stage of HCV infection. Although our study shows no
association between the polymorphisms studied and
spontaneous clearance or persistence of HCV infection,
the analysis of other polymorphisms CTLA-4, [(AT)n
and (-318) C/T], would be important to develop a
profile of allelic variants of CTLA-4 susceptibility,
progression and clearance of HCV infection.
In summary, we demonstrate that CTLA-4 SNPs
could influence susceptibility to HCV infection. We
confirm data from previous epidemiological studies
that suggest a nosocomial infection in Tunisian hemo
dialysis patients with transfusion history as a primary
risk factor for HCV infection and a predominance of
genotype 1b.
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Abstract
AIM: To assess the efficiency and safety of radiofrequencyassisted hepatectomy in patients with hepatocellular
carcinoma (HCC) and cirrhosis.
METHODS: From January 2010 to December 2013,
179 patients with HCC and cirrhosis were recruited
for this retrospective study. Of these, 100 patients
who received radiofrequency-assisted hepatectomy
(RF+ group) were compared to 79 patients who had
hepatectomy without ablation (RF- group). The primary
endpoint was intraoperative blood loss. The secondary
endpoints included liver function, postoperative
complications, mortality, and duration of hospital stay.
RESULTS: The characteristics of the two groups were
closely matched. The Pringle maneuver was not used
in the RF+ group. There was significantly less median
intraoperative blood loss in the RF+ group (300 vs 400
mL, P = 0.01). On postoperative days (POD) 1 and
5, median alanine aminotransferase was significantly
higher in the RF+ group than in the RF- group (POD
1: 348.5 vs 245.5, P = 0.01; POD 5: 112 vs 82.5, P =
0.00), but there was no significant difference between
the two groups on POD 3 (260 vs 220, P = 0.24). The
median AST was significantly higher in the RF+ group
on POD 1 (446 vs 268, P = 0.00), but there was no
significant difference between the two groups on POD
3 and 5 (POD 3: 129.5 vs 125, P = 0.65; POD 5: 52.5
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vs 50, P = 0.10). Overall, the rate of postoperative

complications was roughly the same in these two
groups (28.0% vs 17.7%, P = 0.11) except that post
hepatectomy liver failure was far more common in
the RF+ group than in the RF- group (6% vs 0%, P =
0.04).
CONCLUSION: Radiofrequency-assisted hepatectomy
can reduce intraoperative blood loss during liver
resection effectively. However, this method should be
used with caution in patients with concomitant cirrhosis
because it may cause severe liver damage and liver
failure.
Key words: Hepatocellular carcinoma; Blood loss;
Radiofrequency-assisted hepatectomy; Complications;
Cirrhosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The purpose of this study was to assess
the efficiency and safety of radiofrequency-assisted
hepatectomy in patients with hepatocellular carcinoma
and cirrhosis. Radiofrequency-assisted hepatectomy can
reduce intraoperative blood loss during liver resection
effectively. However, this method should be used with
caution in patients with concomitant cirrhosis because
it may cause severe liver damage and even liver failure.
Zhang F, Yan J, Feng XB, Xia F, Li XW, Ma KS, Bie P.
Efficiency and safety of radiofrequency-assisted hepatectomy
for hepatocellular carcinoma with cirrhosis: A single-center
retrospective cohort study. World J Gastroenterol 2015; 21(35):
10159-10165 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i35/10159.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i35.10159

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant cancers in the world. It is also
[1,2]
a leading cause of cancer-related death . Some
80%-90% of HCC patients have cirrhosis, with the
majority of these cases occurring in developing
countries due to endemic hepatitis B virus and
[3,4]
hepatitis C virus .
Surgery remains the primary curative treatment for
cirrhotic patients with HCC. These procedures include
liver transplantation, resection, and radiofrequency
[5]
ablation . Liver transplantation may be the best
treatment option for cirrhotic patients with HCC
because it involves the simultaneous removal of both
[6]
the cirrhotic liver and HCC . However, the United
Network for Organ Sharing recently reported that
only 7.9% of patients in need of liver transplantations
[7]
receive one, due to organ shortage . Liver resection
[8]
is the most common treatment for HCC . However,
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due to poor hepatic reserve, regeneration dysfunction,
portal hypertension, and other conditions that patients
with concomitant cirrhosis may have, liver resection
may involve considerable intraoperative blood loss and
the incidence of postoperative complications, thereby
[9,10]
affecting the prognosis
. For this reason, the two
main goals regarding liver cirrhosis are the prevention
of intraoperative bleeding and the prevention of
postoperative complications. In recent years, the
continuous use and development of radiofrequency
ablation (RFA) in liver surgery have produced
satisfactory results in the treatment of small HCC. It
can also block small and medium-sized blood vessels
in the liver through thermal coagulation, so it has been
[11-13]
used in liver resection in order to reduce bleeding
.
Radiofrequency-assisted hepatectomy was first
[12]
described by Weber et al
who used a single needle
probe to deploy RFA energy before liver resection,
and the mean blood loss during the surgery was only
30 ± 10 mL in 15 patients. Recently, radiofrequencyassisted liver resection has been shown to be effective
in reducing intraoperative blood loss; it has been
[14,15]
recommended for cirrhotic patients
.
However, the use of this technique remains
controversial due to reported perioperative outcomes
and complications. Some studies have suggested
that radiofrequency-assisted liver resection leads to
less blood loss, a lower transfusion rate, and less
[13,16,17]
postoperative morbidity and mortality
. However,
some studies have reported that radiofrequencyassisted liver resection causes severe postoperative
liver dysfunction, and the incidence of postoperative
complications is higher than that of simple hepa
[18-20]
tectomy
. The safety of radiofrequency-assisted liver
resection is still questioned. Perioperative outcomes
after radiofrequency-assisted hepatectomy for HCC
in patients with cirrhosis also remain unclear. Here,
the efficiency and safety of radiofrequency-assisted
hepatectomy were retrospectively assessed in HCC
patients with cirrhosis.

MATERIALS AND METHODS
Patients

From January 2010 to December 2013, a total of 179
HCC patients with cirrhosis underwent liver resection.
Of these cases, 100 patients received radiofrequencyassisted liver resection (RF+ group), and 79 patients
had hepatectomy without ablation (RF- group).
The following inclusion criteria were used: (1)
consistency with HCC diagnostic criteria issued by
[21]
the EASL-EORTC Clinical Practice Guidelines ; (2)
diagnosis of HCC based on cytohistological evidence
collected from liver biopsy specimens and cirrhosis
was confirmed in histological examination of nontumor liver tissue; (3) hepatic function of Child-Pugh
class A or B; (4) resectable liver lesion or lesions with
adequate (R0) margins; (5) adequate remaining
functional liver parenchyma; and (6) no operative
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procedures on other organs during the same liver
resection.
The following exclusion criteria were used: (1)
current or past history of uncontrollable ascites,
hepatic encephalopathy, or variceal bleeding; (2)
lack of liver cirrhosis as confirmed via histological
examination; (3) extrahepatic spread of disease; and
(4) having undergone the Pringle maneuver during
parenchymal transection in the RF+ group.
The patients and their families were also asked to
give their written consent to the surgery. Patients were
fully informed of their conditions and options. They
voluntarily chose the surgical approach. This study
was consistent with the Declaration of Helsinki. The
study was approved by the Research Ethics Committee
of the Southwest Hospital, affiliated with the Third
Military Medical University.
Data were collected and entered into the liver
cancer database management system by a designated
clinical study coordinator selected by the Research
Ethics Committee. Demographic and clinical data
included the following: age, gender, indocyanine
green retention rate at 15 min (ICG R-15%), cause
of cirrhosis, Child-Pugh class, MELD Score (model for
end-stage liver disease), alanine aminotransferase
(ALT), total bilirubin (TBIL), platelets, prothrombin
time-international normalized ratio (PT- INR), tumor
size, and number of tumors.

Operative technique

Three expert surgeons with more than 10 years of
hepatectomy experience performed the operations.
They used the same hepatectomy procedure that they
had all agreed upon before the operation to minimize
the influence of procedure on outcome. Surgeries
were performed under general anesthesia with low
central venous pressure (CVP) (0-5 mmHg). The liver
was mobilized by division of all the hepatic ligaments.
Ultrasonography and intraoperative bimanual liver
palpation were then performed to confirm tumor size,
location, and adjacent structures.
A HabibTM 4X bipolar radiofrequency device
(Generator 1500X, RITA Medical Systems, Inc. CA,
United States) was used to deploy the radiofrequency
therapy during operation in the RF+ group. These RFassisted liver resections were performed in three steps.
In step 1, the resection was delineated 2 cm from the
tumor using an electrosurgical knife. In step 2, the
device was introduced into the liver perpendicularly,
abutting the transection line for continuous coagulative
desiccation and to create a zone of desiccation within
the liver parenchyma. Each round of ablation took
1-2 min. The time and duration of radiofrequency
ablation were recorded in detail. In step 3, the liver
was transected along the necrotic zone with a scalpel.
Bleeding from the separated small vessels was stopped
using a bipolar device. The Pringle maneuver was not
used in the RF+ group.
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In the RF- group, parenchyma transection was
crushed using a clamp. The Pringle maneuver (15
min clamping and 5 min release) was used to achieve
inflow occlusion.
Clips, ligatures, and sutures were used selectively
during parenchymal transection with both techniques
to ensure hemostasis of the cut surface. Fibrin glue
and a thrombin-soaked gelatin foam sheet were
used to stop any oozing blood. Drains were placed on
the cut surface. During wound closure, layers were
matched as closely as possible.
Major hepatectomy was defined as a liver resection
of more than 2 segments. The total blood loss including
suction volume was estimated after subtraction of rinse
fluids. Hemoglobin level < 7 g/dL within 48 h of surgery
was the indication for transfusion. Total operative time
was recorded from the start of anesthesia to completion
of abdominal closure. Radiofrequency-assisted time was
the sum of the durations of all radiofrequency ablation
procedures. Parenchymal transection time was here
defined from the beginning of parenchymal transection
to the end. ALT, AST, TBIL, and PT were recorded
regularly on POD 1, 3, and 5 to monitor changes in
postoperative live function. If the liver function showed
a deteriorating trend, the monitoring continued.
Post-hepatectomy liver failure (PHLF) was evaluated
based on the 50-50 criteria that were defined as the
concomitant presence of prothrombin (PT) < 50% and
[22]
serum bilirubin > 50 mmol/L on POD 5 .

Statistical analysis

Continuous data are expressed as either mean with
standard deviation or median with range depending
on the data distribution. The groups were compared
using the t test and Mann-Whitney test for continuous
2
variables and the χ test and Fisher’s exact test for
proportions. P < 0.05 was considered significant.
Statistical analyses were performed with SPSS (Version
18.0; SPSS, Chicago, IL, United States).

RESULTS
Patients and hepatectomy characteristics

There were no significant differences between the two
groups with respect to age, gender, cause of cirrhosis,
preoperative liver function (Child-Pugh class, ICG
R-15%, Meld score), tumor size, or other parameters
(Table 1). A total of 70 (70.0%) minor and 30 (30.0%)
major hepatectomies were performed in the RF+
group, and 49 (62.1%) minor and 30 (37.9%) major
hepatectomies were performed in the RF- group. There
were no statistically significant differences between the
two groups.

Intraoperative variables

There was significantly less median intraoperative
blood loss in the RF+ group (300 mL vs 400 mL, P =
0.01). Patients in the RF+ group required fewer blood
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Table 1 Patients and hepatectomy characteristics n (%)

Table 3 Postoperative liver function and complications

Variable

RF(-) group
(n = 79)

RF(+) group
(n = 100)

P value

Age (yr)
Gender (male: female)
Cause of cirrhosis
Hepatitis B
Hepatitis C
Alcohol abuse
Unknown
Child-Pugh class
A
B
ICG R-15%1
TBIL (mg/dL)1
ALT (U/L)1
PT-INR
Platelets (× 109/L)
MELD Score
Dimensions of tumor (cm)
≤5
> 5 and ≤ 10
> 10
Number of tumors
Single
Multiple
Type of resection
Minor resection
Major resection

50.27 ± 8.30
71:8

47.77 ± 8.96
84:16

0.06
0.25
0.92

70 (88.6)
3 (3.8)
0
6 (7.6)

90 (90.0)
4 (4.0)
1 (1.0)
5 (5.0)

Variable
ALT (U/L)1
POD 1
POD 3
POD 5
AST (U/L)1
POD 1
POD 3
POD 5
TBIL (mg/dL)1
POD 1
POD 3
POD 5
PT(s)1
POD 1
POD 3
POD 5
Complications, n (%)
Overall mobility
Abscess
Biliary fistula
Ascites
Pleural effusion
Pneumonia
Liver failure
30-d mortality
Hospital stay (d)1

0.79
76 (96.2)
3 (3.8)
5 (1.5-20.5)
0.99 (0.35-5.14)
39 (11-227)
1.07 ± 0.09
69.7 ± 17.2
4.8 ± 2.37

98 (98.0)
2 (2.0)
4.2 (0.2-17.3)
0.94 (0.29-4.3)
35 (14-212)
1.06 ± 0.08
72.3 ± 23.4
4.12 ± 2.41

13 (16.5)
57 (72.2)
9 (11.3)

19 (19.0)
71 (71.0)
10 (10.0)

69 (87.3)
10 (12.7)

80 (80.0)
20 (20.0)

49 (62.1)
30 (37.9)

70 (70.0)
30 (30.0)

0.16
0.26
0.83
0.45
0.37
0.06
0.62

0.19

0.26

1

Non-normally distributed data were analyzed with the Mann-Whitney
test; ICGR-15: Indocyanine green retention rate at 15 min; MELD: Model
for end-stage liver disease.

Table 2 Intraoperative variables
Variable

RF(-) group
(n = 79)
1

RF(+) group P value
(n = 100)

Blood loss (mL)
400 (50-1500) 300 (100-1400)
Transfusion requirement, n (%)
19 (24.1)
17 (17.0)
Total operative time (min)
245.58 ± 75.48 230.5 ± 77.93
Parenchymal transection time
54 (15-130)
30 (10-108)
(min)1
Radiofrequency-assisted time
0
15 (5-60)
(min)
Pringle clamping time (min)1
15 (0-97)
0

0.01
0.24
0.19
0.03
0.00
0.00

1

Non-normally distributed data were analyzed with the Mann-Whitney
test.

transfusions than those in the RF- group, though the
difference was not statistically significant (17.0% vs
24.1%, P = 0.24) (Table 2). Although the median
duration of the parenchymal transection for the RF+
group was shorter than that for the RF- group (30
min vs 54 min, P = 0.03), there was no significant
difference between the two groups in the total operation
time (230.5 ± 77.93 vs 245.58 ± 75.48 min, P = 0.19).
The median radiofrequency-assisted time was 15 min in
the RF+ groups, but it was not performed in RF- groups
(P = 0.00). The Pringle maneuver was only used in
the RF- group, and the median duration of portal triad
clamping was 15 min (P = 0.00).
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RF(-) group
(n = 79)

RF(+) group
(n = 100)

P value

245.5 (54-1412)
220 (47-1632)
82.5 (18-1330)

348.5 (88-1640)
260 (79-1532)
112 (27-2403)

0.01
0.24
0.00

268 (65-1483)
125 (28-1787)
50 (20-930)

446 (117-1795)
129.5 (36-710)
52.5 (19-3681)

0.00
0.65
0.10

1.39 (0.58-3.76)
1.57 (0.52-5.73)
1.19 (0.51-4.62)

1.61 (0.52-3.71)
1.39 (0.39-6.95)
1.17 (0.47-5.05)

0.30
0.08
0.93

14.3 (12-20)
14.1 (12-22)
13.8 (12-20)

14.1 (11-21)
14.0 (10-36)
13.7 (11-22)

0.73
0.57
0.89

14 (17.7)
3 (3.8)
2 (2.5)
1 (1.2)
4 (5.1)
4 (5.1)
0
0
21(12-70)

28 (28.0)
3 (3.0)
7 (7.0)
2 (2.0)
6 (6.0)
4 (4.0)
6 (6.0)
3 (3.0)
22 (13-71)

0.11
1.00
0.31
1.00
1.00
1.00
0.04
0.26
0.96

1

Non-normal distribution data analyzed with the Mann-Whitney test.

Postoperative liver function and complications

In the monitoring of postoperative liver function, on
POD 1 and 5, the median ALT was significantly higher
in the RF+ group than in the RF- group (POD 1: 348.5
vs 245.5, P = 0.01; POD 5: 112 vs 82.5, P = 0.00),
but there was no significant difference on POD 3 (260
vs 220, P = 0.24). The median AST was significantly
higher in the RF+ group on POD 1 (446 vs 268, P =
0.00), but there was no significant difference between
the two groups on POD 3 and 5 (POD 3: 129.5 vs 125,
P = 0.65; POD 5: 52.5 vs 50, P = 0.10). The median
total bilirubin and PT showed no significant difference
between the two groups on POD 1, 3, or 5 (Table
3). There was no significant difference in the overall
incidence of postoperative complications between the
two groups (28.0% vs 17.7%, P = 0.11), except that
PHLF was significantly more common in the RF+ group
(6% vs 0%, P = 0.04). Six patients developed PHLF,
as indicated by monitoring biochemical liver function
testing. Three patients had recovered liver function after
administration of albumin, daily diuretics, and fresh
frozen plasma and noninvasive ventilation. However,
the others died of unreversed hepatic insufficiency. The
first patient showed ALT = 1532 U/L, AST = 6707 U/L,
TBIL = 6.95 mg/mL, and PT-INR = 3.03 on day 3 after
the surgery. This patient’s liver function subsequently
deteriorated further, leading to death. The remaining
two patients showed severe postoperative infections,
one on day 6 and the other on day 10 after surgery. In
both cases, the condition eventually led to liver failure
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and death. No patients died in the RF- group. The 30-d
mortality and hospital stays showed no statistically
significant differences between the two groups.

DISCUSSION
Radiofrequency ablation is currently one of the most
commonly used technologies in the clinical treatment
of HCC. Its efficacy in the treatment of small HCC
[11]
is comparable to that of surgical resection . Radio
frequency ablation can not only resect the tumor itself
but is also effective in sealing vessels and bile ducts,
[23]
which can facilitate nearly bloodless liver resection .
The use of RFA devices to perform liver resection was
[12]
described in 2002 by Weber et al . Later, a bipolar,
handheld disposable RFA device (HabibTM 4x) was
[13]
developed especially for liver resection . Then a
series of studies by different groups confirmed the
benefits of radiofrequency-assisted hepatectomy in
[16,17,24]
reducing blood loss
. Recently, this technique
has been recommended for patients with cirrhosis
[14]
by Curro et al
because it is believed to be safe and
effective. A randomized clinical trial (RCT) comparing
radiofrequency-assisted parenchyma transection (RFPT) to clamp-crushing parenchyma transection (CCPT) showed RF-PT to be the superior procedure in HCC
with cirrhosis due to the lower amount of blood loss
[15]
and mobility . However, a few controversial studies
maintain that this technique is not completely safe
in patients with poor hepatic function reserve or liver
cirrhosis. Mitsuo asserts that RF-assisted hepatectomy
may be problematic for patients with poor hepatic
[18]
function . A RCT comparing RF-PT to traditional CCPT revealed there to be no priority for RF-PT due to its
[20]
higher rate of postoperative complications .
The results of the current work demonstrated that
there was less blood loss in the RF+ group than in
the RF- group (300 mL vs 400 mL). Patients in the
RF+ group required fewer blood transfusions (17.0%
vs 24.1%), because small vessels in the section
line that would ordinarily have bled in conventional
hepatectomy were cauterized with RF waves and did
not bleed during the liver resection. As in other works,
RF-assisted liver resection was found to reduce the
amount of intraoperative blood loss and the number of
intraoperative blood transfusion procedures required
[13-16]
effectively
.
ALT and AST levels were measured on postoperative
days to assess the extent of hepatocellular damage
to the remaining liver. They were significantly higher
in the RF+ group than in the RF- group on POD 1,
and ALT levels were significantly higher on day 5. On
day 3, they did not differ significantly between the
two groups. This may be because, in the presence
of cirrhosis, liver function reserve is very low, and
liver resection can damage the liver further. On POD
1, the RF+ group showed severely compromised
liver function. This was because radiofrequency
cauterization affected the remaining liver tissues,
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which caused rapid necrosis of many liver cells and
a sharp rise in ALT and AST, which were higher than
those in the RF- group. In the RF- group, the damaged
liver cells suffered progressive necrosis on day 3. This
caused an increase in transient ALT and AST, and their
levels became similar to those of the RF+ group. The
two groups did not differ significantly. On day 5, during
the recovery of liver function, the two groups differed
significantly in ALT. This suggested that thermal
damage to the residual cirrhotic liver tissues lasted a
long time in the RF+ group. This was consistent with
the results of other reports. In Mitsuo’s work, the RF
waves caused ALT to increase to over 1000 on the
first postoperative day in three patients with both HCC
[18]
[25]
and liver cirrhosis . In a study by Chen et al
the
RF-assisted liver resection group showed significantly
higher serum AST levels than the CUSA group. Other
studies have suggested that radiofrequency-assisted
hepatectomy without inflow occlusion can prevent
ischemia-reperfusion injury of the remnant of the
[15,26]
cirrhotic liver and cause only minor liver injury
.
However, the results of the present study indicate
that, during liver resection in patients with cirrhosis,
radiofrequency ablation involves more damage to the
liver function than the Pringle maneuver. It is here
asserted that radiofrequency-assisted hepatectomy
produces substantial damage to postoperative liver
function in patients with cirrhosis, and should be used
with caution.
In PHLF, marked elevations of ALT and AST
are signs that the RF waves have destroyed some
cells in the remaining liver, and they also suggest
decreased liver reserve capacity. This is associated
with an increased risk of failure. However, due to the
surgical learning curve, each round of radiofrequency
of cirrhotic liver tissue took 1-2 min in our center. In
contrast, in Habib surgery, each round of treatment
[13]
lasts less than 1 minute in normal liver . The more
time required for radiofrequency, the more severe
the postoperative injury to the remaining liver tissue,
leading to postoperative liver failure.
There is another issue associated with this pro
cedure: PHLF due to necrotic remnant tissue on the
surface of the resected area. This necrotic tissue might
[25]
facilitate the growth of microbes and lead to infection .
Two patients experienced severe postoperative
infections, one on day 6 and the other on day 10; both
cases ultimately led to liver failure and death. These
two patients did not show signs of infection early after
surgery, but later both showed fever, increased blood
cell counts, and elevated transaminase and bilirubin (one
on day 6 and the other on day 10). Upper abdominal
CT revealed diffuse patchy and spotty necrosis in liver
section and liver tissues. This might be because the
tissues subjected to coagulative necrosis remaining
on the liver sections are prone to infection, resulting in
acute inflammation of remnant liver tissues, which then
leads to damage and necrosis.
The present study has several limitations. Although

10163

September 21, 2015|Volume 21|Issue 35|

Zhang F et al . Radiofrequency-assisted hepatectomy for HCC with cirrhosis
the results suggest that patients with cirrhosis in the
RF+ group sustained severe liver damage and had
a relatively high incidence of liver failure, they were
not graded for severity of cirrhosis, which would have
facilitated systematic assessment of the effect of liver
cirrhosis on the outcome. This may be suitable for
further study.
In this paper, although possible factors that may
lead to liver failure are discussed, no statistical analysis
was performed on preoperative or intraoperative factors
that could affect the occurrence of complications among
patients who underwent RFA. Factors that contribute to
liver failure merit particular attention.
In conclusion, radiofrequency-assisted hepatectomy
can reduce intraoperative blood loss during liver
resection effectively. However, it should be used with
caution in patients with cirrhosis because it may cause
severe liver damage and liver failure in these patients.
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Abstract
AIM: To compare cases of xanthogranulomatous
cholecystitis (XGC) and advanced gallbladder cancer
and discuss the differential diagnoses and surgical
options.
METHODS: From April 2000 to December 2013, 6
XGC patients received extended surgical resections.
During the same period, 16 patients were proven to
have gallbladder (GB) cancer, according to extended
surgical resection. Subjects chosen for analysis
in this study were restricted to cases of XGC with
indistinct borders with the liver as it is often difficult to
distinguish these patients from those with advanced
GB cancer. We compared the clinical features and
computed tomography findings between XGC and
advanced GB cancer. The following clinical features
were retrospectively assessed: age, gender, symptoms,
and tumor markers. As albumin and the neutrophil/
lymphocyte ratio (NLR) are prognostic in several can
cers, we compared serum albumin levels and the
NLR between the two groups. The computerized
tomography findings were used to compare the two
diseases, determine the coexistence of gallstones,
the pattern of GB thickening (focal or diffuse), the
presence of a hypoattenuated intramural nodule, and
continuity of the mucosal line.
RESULTS: Based on the preoperative image findings,
we suspected GB carcinoma in all cases including
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XGC in this series. In addition, by pathological exam
ination, we found that the group of patients with
XGC developed inflammatory disease after surgery.
Patients with XGC tended to have abdominal pain (4/6,
67%). However, there was no significant difference in
clinical symptoms, including fever, between the two
groups. Serum albumin and NLR were also similar
in the two groups. Serum tumor markers, such as
carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9), tended to increase in patients
with GB cancer. However, no significant differences
in tumor markers were identified. On the other hand,
gallstones were more frequently observed in patients
with XGC (5/6, 83%) than in patients with GB cancer
(4/16, 33%) (P = 0.0116). A hypoattenuated intra
mural nodule was found in 3 patients with XGC (3/6,
50%), but in only 1 patient with GB cancer (1/16, 6%)
(P = 0.0024). The GB thickness, continuous mucosal
line, and bile duct dilatation showed no significant
differences between XGC and GB cancer.
CONCLUSION: Although XGC is often difficult to
differentiate from GB carcinoma, it is possible to obtain
an accurate diagnosis by careful intraoperative gross
observation, and several intraoperative frozen sections.
Key words: Xanthogranulomatous cholecystitis; advanced
gallbladder cancer; differential diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Xanthogranulomatous cholecystitis (XGC)
is a rare inflammatory disease of the gallbladder.
Differentiating between XGC and malignant gallbladder
lesions is often difficult, especially in patients with
severe proliferative fibrosis involving the gallbladder
and surrounding organs. We compared the clinical
features and computed tomography findings between
patients with XGC and patients with advanced gall
bladder cancer. There were almost no significant
differences between the two groups. Although XGC
is often difficult to differentiate from gallbladder
carcinoma, it is possible to obtain an accurate diag
nosis by careful intraoperative gross observation and
several intraoperative frozen sections which could
prevent extended resections.
Suzuki H, Wada S, Araki K, Kubo N, Watanabe A, Tsukagoshi
M, Kuwano H. Xanthogranulomatous cholecystitis: Difficulty
in differentiating from gallbladder cancer. World J Gastroenterol
2015; 21(35): 10166-10173 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i35/10166.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i35.10166

INTRODUCTION
Xanthogranulomatous cholecystitis (XGC) is a rare
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inflammatory disease of the gallbladder (GB). The
characteristic macroscopic findings of XGC include
abnormal thickening of the wall and severe proliferative
fibrosis with the formation of multiple yellow-brown
[1,2]
intramural nodules .
Although the mechanism that leads to this condition
remains unclear, XGC is thought to start as a biliary
obstruction with acute or chronic cholelithiasis and
increasing intra-gallbladder pressure. It is believed that
this pressure provokes a rupture of the RokitanskyAschoff sinuses or mucosal ulcer with extravasation
of bile in the interstitial tissues and a consequent
[3,4]
xanthogranulomatous inflammatory reaction . This
inflammatory process is often extensive and may
extend to adjacent organs, forming dense adhesions
with a large mass of inflammatory tissue surrounding
the GB.
The clinical manifestations of XGC are usually
acute or chronic cholecystitis. The main symptoms
include right hypochondriac pain, radiating pain in the
[5]
shoulder, fever, and nausea . However, some patients
with XGC do not have these symptoms. On computed
tomography (CT), an enhanced continuous mucosal
line in the CT image can aid the diagnosis of XGC.
[6]
Moreover, Uchiyama et al reported that an enhanced
continuous mucosal line with gallstones was highly
suggestive of XGC. However, despite the use of these
imaging techniques, the differential diagnosis between
XGC and malignant GB lesions is often difficult,
especially in patients with severe proliferative fibrosis
involving the GB and surrounding organs.
In this study, we compared cases of XGC who
had indistinct borders with the liver suggestive of GB
cancer and who required extended surgical resections
with cases of advanced GB cancer that had invaded the
liver. We discuss the differential diagnosis and surgical
options in cases of XGC with extensive involvement of
extra-gallbladder organs.

MATERIALS AND METHODS
From April 2000 to December 2013, 6 XGC patients
received extended surgical resections. During the same
period, 16 patients were proven to have GB cancer,
according to extended surgical resections at Gunma
University Hospital, Department of Surgery 1. Subjects
chosen for analysis in this study were restricted to
cases of XGC with indistinct borders with the liver as it
is often difficult to distinguish these patients from those
with advanced GB cancer. Preoperative evaluation was
carried out with ultrasonography (US), CT, magnetic
resonance imaging, and FDG-PET. In addition,
some patients underwent endoscopic retrograde
cholangiopancreatography and/or percutaneous
transhepatic biliary drainage for diagnosis and/or
biliary decompression. Based on these image findings,
surgical treatment was performed following the
guidelines for the management of biliary tract and
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exact test or the χ test. A p value of less than 0.05
indicated statistical significance.

Table 1 Clinical symptoms, laboratory findings, and
computed tomography findings
XGC
(n = 6)

GB carcinoma P value
(n = 16)

Age (mean ± SD, yr)
64.3 ± 9.7
67.9 ± 12.0
Gender
Male
4
8
Female
2
8
Abdominal pain
Presence
4
8
Absence
2
8
Fever
Yes
1
1
No
5
15
Jaundice
Yes
1
4
No
5
12
Albumin (mean ± SD, mg/dL)
3.8 ± 0.4
3.8 ± 0.3
Neutrophil/lymphocyte ratio
2.1 ± 0.9
2.4 ± 1.0
(mean ± SD)
CEA (mean ± SD)
1.9 ± 0.6
3.1 ± 3.5
CA19-9 (mean ± SD)
232.7 ± 488.5 354.0 ± 737.1
Cholecystolithiasis
Yes
5
4
No
1
12
Diffuse gallbladder wall thickening (CT findings)
Yes
3
3
No
3
13
Continuous mucosal line (CT findings)
Yes
3
2
No
3
14
Intramural hypoattenuated nodule
Yes
3
1
No
3
15
Bile duct dilatation
Yes
1
3
No
5
13

RESULTS

0.5148
0.8558

The clinical symptoms, laboratory findings, and
CT findings are summarized in Table 1. Based on
the preoperative image findings, we suspected GB
carcinoma in all cases including XGC in this series.
In addition, by pathological examination we found
that the group of patients with XGC developed
inflammatory disease after surgery.
Patients with XGC tended to have abdominal
pain (4/6, 67%). However, there was no significant
difference in clinical symptoms, including fever,
between the two groups. Serum albumin and NLR
were also similar in the two groups. Serum tumor
markers, such as CEA and CA19-9, were increased
in patients with GB cancer. However, no significant
differences in tumor markers were identified.
On the other hand, gallstones were more fre
quent in patients with XGC (5/6, 83%) than in
patients with GB cancer (4/16, 33%) (p = 0.0116).
A hypoattenuated intramural nodule was found in 3
patients with XGC (3/6, 50%), but in only 1 patient
with GB cancer (1/16, 6%) (p = 0.0024). The GB
thickness, continuous mucosal line, and bile duct
dilatation were not significantly different between XGC
and GB cancer.

0.4806

0.4726

0.6707

0.8090
0.6280
0.2205
0.6806
0.0116

0.1551

0.0616

0.0024

0.9035

Case 1

XGC: Xanthogranulomatous cholecystitis; GB: Gall bladder; CT:
Computed tomography.

[7]

ampullary carcinomas . The following clinical features
were retrospectively assessed: age, gender, and
symptoms. As albumin and the neutrophil/lymphocyte
[8]
ratio (NLR) are prognostic in several cancers , we
compared serum albumin levels and the NLR between
the two groups. The NLR was calculated from a
complete blood count in laboratory testing before
the operation. Tumor markers CEA and CA19-9 were
also serologically analyzed. CT findings were used to
compare the two diseases, determine the coexistence
of gallstones, the pattern of GB thickening (focal or
diffuse), the presence of a hypoattenuated intramural
nodule, and continuity of the mucosal line. Two
radiologists evaluated these images independently and
by consensus for the diagnosis.

Statistical method

Statistical computations were performed with JMP
(SAS Institute, Cary, North Carolina, United States).
Continuous variables were expressed as medians and
were compared using the Wilcoxon test, whereas
categorical variables were compared using Fisher’s
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A 70-year-old woman was admitted to our hospital
with abnormal findings on abdominal CT during followup of rectal cancer after a low anterior resection. She
had neither fever nor abdominal pain. On admission,
laboratory data, including tumor markers, were nearly
normal. A CT scan showed a large mass and stone
(arrow) with suspected hepatic invasion (Figure 1a).
Moreover, CT findings detected an asymmetrically
thickened GB wall with homogenous enhancement
that was continuous along the mucosal line and a
submucosal hypoattenuated nodule (arrow) (Figure
1b). Positron emission tomography with fluorine18-labeled fluoro-deoxyglucose (FDG-PET) showed
increased uptake at the tumor site, and the maximum
standardized uptake value (SUV) was 10.2 (arrow)
(Figure 2). Assuming an advanced GB carcinoma,
we performed an extended right hepatectomy after
portal vein embolization. Histologically, the GB mucosa
showed hyperplasia, however, no atypical cells or
malignant cells were observed (arrow) (Figure 3a). The
adjacent liver showed diffuse inflammatory infiltrates
consisting of giant histiocytes and foamy histiocytes
with clear lipid-containing cytoplasm (xanthoma cells),
lymphocytes, and polymorphonuclear cells (Figure
3b).
The postoperative course was uneventful, and the
st
patient was discharged on the 21 postoperative day.
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B

Figure 1 Computed tomography scan revealing a large mass and stone (arrow) with suspected hepatic invasion (a) and asymmetric thickened gallbladder
wall with homogeneous enhancement of a continuous mucosal line and submucosal hypoattenuated nodule (arrow) (b).

Figure 2 Fluorodeoxyglucose positron emission tomography showing
abnormal accumulation in the hepatic hilum (SUVmax = 10.2).

stones and severe bile duct stenosis at the right bile
duct bifurcation, we performed a posterior hepatic
resection with extirpation of the extrahepatic bile
duct. Reconstruction was performed with a Roux-en-Y
hepaticojejunostomy. Histologically, the GB wall was
markedly thickened with severe inflammation and
fibrosis (Figure 7a). Large xanthoma cells with clearto-foamy lipid-containing cytoplasm and interspersed
lymphocytes invaded the liver (Figure 7b). These
findings are characteristic of xanthogranulomatous
inflammation of the GB. The patient developed
cholangitis after the operation. However, he was cured
by conservative therapy and discharged approximately
2 mo after surgery.

DISCUSSION

Case 2

A 72-year-old man was found to be jaundiced during
a medical examination. He was admitted to the
local hospital for evaluation. Endoscopic retrograde
cholangiography demonstrated a filiform stenosis of
the proximal common bile duct and bifurcation with
left intrahepatic bile duct dilatation. The right hepatic
branch was not visualized on cholangiography (Figure
4). A complete sphincterotomy was performed with
insertion of an internal stent for drainage.
CT confirmed the hypodense mass at the hilum
(Figure 5a) and intrahepatic bile duct dilatation
caused by this tumor (Figure 5b). The patient was
then transferred to our hospital with the diagnosis of
advanced GB cancer.
Tumor markers CA19-9 and CEA were not elevated,
with values of 14 U/mL and 2.4 U/ml, respectively.
However, FDG-PET demonstrated intense FDG activity
at the hepatic hilum, which suggested GB carcinoma
(SUVmax 5.2) (Figure 6). Therefore, the patient was
diagnosed with advanced GB cancer and an extended
right lobectomy with extirpation of the extrahepatic
bile duct was planned. During the operation, a hard
and thickened GB wall was identified at the hepatic
hilum. A frozen section of the GB was negative for
carcinoma. However, as there were many intrahepatic
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Xanthogranulomatous cholecystitis (XGC) is a rare
form of chronic cholecystitis and is seen in 1.3% to
[4,9]
5.2% of resected GB specimens . The characteristic
macroscopic findings of XGC include abnormal
thickening of the GB wall with poorly demarcated softto-firm, yellow-brown intramural nodules of various
[2,5]
sizes with cholecystitis . Complications include GB
perforation, abscess formation, fistulous tracts to
the duodenum, and extension of the inflammatory
process to adjacent abdominal organs, such as the
[10]
liver and transverse colon . These features that
involve adjacent organs indicate that XGC develops
aggressively, as does advanced GB cancer. Therefore,
it is important to differentiate XGC from advanced GB
cancer preoperatively to avoid unnecessary surgical
treatment.
The clinical manifestations of XGC usually involve
acute or chronic cholecystitis. The primary symptoms
include right hypochondriac pain (93.9%), radiating
shoulder and back pain (42.4%), fever (24.2%),
[5]
nausea (33.3%), and vomiting (24.2%) . Abdominal
pain, jaundice, and fever are more frequently observed
in patients with XGC as compared to patients with
[11]
GB cancer . However, these symptoms and signs
are usually not helpful in differentiating these two
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Figure 3 Histology of the gallbladder mucosa showing hyperplasia (a), HE × 200; the adjacent liver showing diffuse inflammatory infiltrate consisting of
giant histiocytes and foamy histiocytes with clear lipid-containing cytoplasm, lymphocytes, and polymorphonuclear cells (b), HE × 400.

Figure 4 eRC revealing a filiform stenosis of the proximal common bile
duct and bifurcation. ERC: endoscopic retrograde cholangiography.

conditions, except in advanced cases of malignancy
presenting with weight loss or features of ascites or
metastases. Despite the tendency for XGC patients
in our study to have abdominal pain, it is difficult
to differentiate XGC from GB cancer based only on
symptoms.
The formation of XGC is thought to start as biliary
obstruction with acute or chronic cholecystitis and
increasing intra-gallbladder pressure, followed by a
granulomatous reaction. Although the pathogenesis
of this granulation is not well understood, it has been
postulated that obstruction of the GB outflow leads to
extravasation of bile into the GB wall, with involvement
of the Rokitansky-Aschoff sinuses, or extravasation
through a small ulceration in the mucosa. This causes
a granulation reaction that leads to the formation of
[4,12]
intramural nodules
. This inflammatory process is
often extensive and may extend to adjacent organs,
such as the liver, duodenum, and transverse colon.
Dense adhesions with a large mass of inflammatory
tissue surrounding the GB are then formed. Our
six cases of XGC had inflammatory reactions that
extended to the liver and adhesions of the GB to
adjacent organs, such as the transverse colon and/
or the duodenum; thus, we misdiagnosed them as
advanced GB cancer and performed extended radical
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surgery, including liver resection in all six cases.
Extravasated bile causes histiocytes to accumulate
in an effort to phagocytose insoluble cholesterol. A
fibrous reaction and scarring result due to healing of
the inflammatory reaction. Microscopically, the early
stage of XGC is characterized by a large number of
foamy histiocytes with clear lipid-containing cytoplasm
and acute inflammatory cells, including lymphocytes,
neutrophils, and plasma cells. In the later stage,
a fibrous reaction occurs and extends to adjacent
structures, such as the liver, omentum, duodenum,
[13]
or colon . The low-attenuation appearance of XGC
nodules on CT is due to the histiocytes that have
phagocytosed the extravasated bile and bile lipids and
[14]
then accumulated in the GB wall. Kim et al reported
that intramural nodules were seen histologically in
all patients with XGC, but radiologically in only 53%
(10/19).
Imaging modalities are able to detect abnormalities
in the GB, but are not always able to differentiate
advanced GB cancer from XGC. The imaging char
acteristics of XGC closely resemble those of GB
carcinoma in terms of thickening of the GB wall and
the tendency to involve neighboring organs. However,
[6]
Uchiyama et al reported that an enhanced continuous
mucosal line helped in the diagnosis of XGC. Moreover,
the presence of gallstones with these findings indicates
a high likelihood of XGC. On the other hand, there
is some debate as to the coexistence of stones with
GB cancer. In our study, the patients with XGC were
associated with a higher incidence of gallstones
than the patients with GB carcinoma (p = 0.0116).
However, due to the limited number of cases, we could
not conclude whether the existence of a gallstone is
helpful in the differential diagnosis between XGC and
GB carcinoma. In patients with GB carcinoma, the
malignant process greatly disrupts the mucosal layer
and the underlying muscle layer. Ultrasonographic
characteristics of XGC include moderate-to-marked
thickening of the GB wall with oval hypoechoic
[15,16]
[17]
nodules
. Kim et al
reported that the combined
ultrasonographic findings of diffuse wall thickening

10170

September 21, 2015|Volume 21|Issue 35|

Suzuki H et al . Differential diagnosis of Xanthogranulomatous cholecystitis

A

B

Figure 5 Computed tomography scan revealing a hypodense mass at the hilum (a) and intrahepatic bile duct dilatation due to the tumor (b).

Figure 6 Fluorodeoxyglucose positron emission tomography showing
abnormal accumulation at the hepatic hilum (SUVmax = 5.2).

and intramural nodule formation are highly suggestive
of XGC. FDG-PET may identify characterizing lesions
[18]
of the GB . However, XGC shows a positive image
[19]
due to FDG uptake by active inflammatory cells .
In two of our patients showing XGC, the SUV of the
tumor was also high, so we could not differentiate
GB cancer from XGC by the SUV value. Therefore,
FDG-PET would be expected to give a false positive
result with cholecystitis, including XGC. A recent case
report demonstrated that XGC showed FDG uptake on
positron emission tomography which mimicked that of
[20]
GB carcinoma . FDG-PET may not be very useful in
differentiating XGC from carcinoma, as inflammatory
lesions also show increased FDG uptake.
XGC can be more easily mistaken for GB cancer
macroscopically than radiologically, especially in
patients with XGC and severe proliferative fibrosis
involving the GB and surrounding organs. The
combination of a gross check of the mucosa with
frozen section examination, particularly in areas
highly indicative of cancer, is more accurate for
differentiating XGC from GB cancer and for excluding
[21]
the simultaneous presence of XGC and GB cancer .
On the other hand, in cases showing extensive
invasion of extra-gallbladder organs, the surgical
strategy should not be determined only by frozen
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section examination, since it can give false negative
[2,22,23]
results
. Moreover, it is estimated that XGC and
[16]
GB cancer coexist in up to 12% of cases . Therefore,
even if a preoperative diagnosis is made with fine[24]
needle aspiration cytology , it is important to be
aware of the possible coexistence of XGC and cancer
[25]
in the same GB. Zhuang et al
demonstrated that
XGC is precancerous in nature, mainly depending on
oncogenes such as BCL-2 and c-Myc, but not via the
pathway associated with anti-oncogenes. Therefore, in
addition to several frozen section examinations, careful
gross observation during surgery is needed even if the
pre-operative diagnosis is XGC.
With regard to the treatment of XGC, we must
show skepticism with advanced GB cancer. If patients
demonstrate features of XGC during preoperative
examination, we need to perform fine-needle aspi
[24]
ration cytology of the GB preoperatively . However,
radiological differentiation from cancer can be extre
mely difficult in some cases in the presence of severe
inflammation. In addition, although XGC is not beli
eved to be a premalignant lesion, the frequency
[4]
of coexisting XGC and GB cancer is nearly 10% .
Moreover, most of the reported cases with XGC and
GB cancer were discovered by histologic examination
[3]
of the cholecystectomy specimen . Careful gross
observation during surgery and several frozen section
examinations are necessary to treat XGC which can
extend to surrounding organs.
In conclusion, pseudotumoral XGC has puzzled
surgeons in terms of surgical treatment. Despite
the use of modern imaging techniques, a differential
diagnosis between XGC and malignant GB lesions is
often difficult. Even intraoperative differential diagnosis
of XGC from GB carcinoma remains a challenge when
XGC is associated with tumor formation and adhesions
to adjacent organs. As GB carcinoma and XGC may
coexist, radical resection, such as liver resection,
is justified when malignancy cannot be completely
excluded. However, in view of the small number of
patients in this study, additional studies on a larger
scale are warranted.
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Figure 7 Microscopic examination revealing a gallbladder wall markedly thickened with severe inflammation and fibrosis (a), HE × 200; Large xanthoma
cell with clear-to-foamy lipid-containing cytoplasm and interspersed lymphocytes invading the liver (b), HE × 400.
2
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Abstract
AIM: To evaluate the safety and feasibility of
laparoscopic abdominoperineal resection compared
with the open procedure in multimodality management
of rectal cancer.
METHODS: A total of 106 rectal cancer patients who
underwent open abdominoperineal resection (OAPR)
were matched with 106 patients who underwent
laparoscopic abdominoperineal resection (LAPR) in
a 1 to 1 fashion, between 2009 and 2013 at Fudan
University Shanghai Cancer Center. Propensity score
matching was carried out based on age, gender,
pathological staging of the disease and administration
of neoadjuvant chemoradiation. Data regarding
preoperative staging, surgical technique, pathological
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results, postoperative recovery and complications were
reviewed and compared between the LAPR and OAPR
groups. Perineal closure around the stoma and pelvic
floor reconstruction were performed only in OAPR,
not in LAPR. Therefore, abdominoperineal resection
procedure-specific surgical complications including
parastomal hernia and perineal wound complications
were compared between the open and laparoscopic
procedure. Regular surveillance of the two cohorts
was carried out to gather prognostic data. Diseasefree survival was analyzed using Kaplan-Meier estimate
and log-rank test. Subgroup analysis was performed
in patients with locally advanced disease treated with
preoperative chemoradiation followed by surgical
resection.
RESULTS: No significant difference was found between
the LAPR group and the OAPR group in terms of
clinicopathological features. The operation time (180.8
± 47.8 min vs 172.1 ± 49.2 min, P = 0.190), operative
blood loss (93.9 ± 60.0 mL vs 88.4 ± 55.2 mL, P =
0.494), total number of retrieved lymph nodes (12.9 ±
6.9 vs 12.9 ± 5.4, P = 0.974), surgical complications
(12.3% vs 15.1%, P = 0.549) and pathological
characteristics were comparable between the LAPR
and OAPR group, respectively. Compared with OAPR
patients, LAPR patients showed significantly shorter
postoperative analgesia (2.4 ± 0.7 d vs 2.7 ± 0.6 d,
P < 0.001), earlier first flatus (57.3 ± 7.9 h vs 63.5
± 9.2 h, P < 0.001), shorter urinary drainage time
(6.5 ± 3.4 d vs 7.8 ± 1.3 d, P < 0.001), and shorter
postoperative admission (11.2 ± 4.7 d vs 12.6 ± 4.0 d,
P = 0.014). With regard to APR-specific complications
(perineal wound complications and parastomal hernia),
there were no significant differences between the two
groups. Similar results were found in the 26 pairs of
patients administered neoadjuvant chemoradiation in
subgroup analysis. During the follow-up period, no port
site recurrences were observed.
CONCLUSION: Laparoscopic abdominoperineal
resection for multidisciplinary management of rectal
cancer is safe, and is associated with earlier recovery
and shorter admission time in combination with
neoadjuvant chemoradiation.
Key words: Abdominoperineal resection; Laparoscopy;
Rectal cancer; Total mesorectal excision; Neoadjuvant
chemoradiation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective, case-matched study
demonstrated that, for abdominoperineal resection of
low rectal cancer, laparoscopy improved postoperative
recovery, reduced admission time without jeopardizing
clear circumferential resection margin, lymph node
yield and surgical complications. In particular, the
risks of abdominoperineal resection-specific surgical
complications, including perineal wound reintervention
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and parastomal hernia, were comparable between
the laparoscopy and open procedure groups. No
significant differences regarding local recurrence and
metachronous metastasis were detected. Laparoscopy
in combination with neoadjuvant chemoradiation for
multidisciplinary management of low rectal cancer is
safe, and associated with earlier recovery.
Wang YW, Huang LY, Song CL, Zhuo CH, Shi DB, Cai GX, Xu Y,
Cai SJ, Li XX. Laparoscopic vs open abdominoperineal resection
in the multimodality management of low rectal cancers. World J
Gastroenterol 2015; 21(35): 10174-10183 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10174.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10174

INTRODUCTION
Oncological outcomes of patients with rectal cancer
have been improved by multimodal treatment with
adjuvant/neoadjuvant chemoradiation and total
[1,2]
mesorectal excision (TME) over the last decades .
With the introduction and popularization of TME
[3]
by Heald and coworkers since 1982 , the rate
of local recurrence and positive circumferential
[4,5]
resection margin (CRM) has been greatly reduced .
Improvement in local control via neoadjuvant
chemoradiation (neoCRT) has also been supported
by high level evidence from randomized clinical trials
with long-term follow-up, especially in patients with
[6-10]
involved nodes
. Laparoscopic TME as a minimally
invasive approach for the treatment of rectal cancer
and has been proven to be technically feasible and
safe with fewer complications and faster postoperative
[11-16]
recovery than open TME
. The long-term oncologic
equivalence of laparoscopic vs open surgery for rectal
cancer has also been confirmed by several randomized
[17-20]
[21]
clinical trials
and a meta-analysis .
Nevertheless, surgical resection plays a central
[22]
role in curative treatment . As one of the standard
operations for low rectal cancer, abdominoperineal
resection (APR), once known as Miles operation, was
[23]
introduced in the late nineteenth century . In spite
of an increase in sphincter-preserving operations
[24]
combined with neoCRT , APR remains the only
[25]
option for 30% or more patients . Tumors involving
the levator ani muscle or the external anal sphincter,
and inability to guarantee negative distal margin
via sphincter-preserving operation, are still clear
[24]
indications for APR .
Most of the studies mentioned above, enrolled
patients who underwent low anterior resection (LAR)
together with those underwent APR. However, APR
is a completely different procedure to LAR in terms
of approach, incision, field, area, digestive tract
[23,26,27]
reconstruction, complications and difficulty
.
There are few investigations to compare the short-term
clinicopathological outcomes and long-term oncological
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equivalence between the laparoscopic and conventional
open approach for APR in rectal cancer of all stages,
especially in the era of multimodality. Therefore, the
present study was conducted to evaluate the safety
and feasibility of laparoscopic abdominoperineal
resection (LAPR) with open abdominoperineal resection
(OAPR) in the multidisciplinary treatment of rectal
cancer with/without neoCRT.

MATERIALS AND METHODS
A total of 106 patients with rectal cancer who underwent
LAPR in Fudan University Shanghai Cancer Center
between March 2009 and December 2013 were enrolled
in this study. According to the principle of intent-to-treat,
patients who received conversional open procedure
were included in the LAPR group. The diagnosis of
adenocarcinoma, mucinous adenocarcinoma or signetring carcinoma of the rectum (≤ 10 cm from the anal
verge) was confirmed pathologically. Exclusion criteria
were patients with other gastrointestinal disease that
required surgical intervention; previous malignant
tumors; previous laparotomies; graded ASA Ⅳ or Ⅴ.
In order to minimize the confounding effect of
selection bias, 1:1 propensity score matching was
performed to select a control group of 106 patients
who underwent conventional OAPR during the same
period from a cohort of 466 patients. Age, sex, BMI,
ASA score, neoCRT, distance from tumor to anal verge
and postoperative pathological staging were selected
as covariates in the logistic regression model to
estimate the propensity scores. These covariates were
matched between the OAPR and LAPR group as they
may influence short-term clinical outcomes.
Before surgery, all patients were assessed sys
temically by physical examination, biochemical analysis,
colorectal cancer marker panel (carcinoembryonic
antigen, carbohydrate antigen 19-9, cancer antigen
724, cancer antigen 242 and cancer antigen 125
for females) assay. Computed tomography of the
chest, and abdominal, pelvic or whole body positron
emission tomography (PET) were performed to detect
distant metastasis. Magnetic resonance imaging or
endorectal ultrasound was performed to determine
the preoperative cT category and cN category of the
primary tumor. Patients preoperatively staged at cT3/4
or cN+ with any cT were administered neoCRT in the
absence of contraindications.
An interval time of 6-8 wk between surgery and
preoperative chemoradiation was ensured. All open or
laparoscopic abdominoperineal procedures performed
followed the standard TME principles as described
[16]
previously . TME consists of maintaining the integrity
of the mesorectal fascia and preservation of the
autonomic nervous system with emphasis on sharp
dissection under direct visualization. With regard to
the extension of en bloc resection of the distal rectum,
the conventional method instead of the extralevator
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approach was adopted in all cases. All operations in
this study were performed by the same surgical team
(Li XX, Ye X and Cai GX) with experience of more
than 100 laparoscopic and open colorectal cancer
procedures annually at the Department of Colorectal
Surgery of Fudan University Shanghai Cancer Center.
Routine follow-up was carried out for all enrolled
patients 2 wk after surgery, every 3 mo for the first
year, every 6 mo for the second year and every year
thereafter. Adjuvant chemoradiation was administered
adhering to the NCCN guideline to treat rectal cancer
[28]
based on TNM staging .
Data regarding demographics, preoperative eva
luation and staging, surgical technique, pathological
results, postoperative recovery and complications were
obtained by chart review. The laparoscopic rectal cancer
surgery program of our institution was approved by the
Ethical Committee of Shanghai Cancer Center, Fudan
University. Informed consent was obtained from all
patients.

Statistical analysis

Parametric variables are shown as mean ± SD. The
Student’s t test was used to assess differences in
2
continuous variables. The χ test or Fisher’s exact
test was performed to compare proportions between
the two groups when appropriate. Difference in
disease-free survival was evaluated using log-rank
test with survival curves generated by the KaplanMeier method. A two-sided P < 0.05 was considered
statistically significant. SPSS version 20.0 software
package for Windows (SPSS Inc., Chicago, IL, United
States) was used to conduct all statistical analyses.
This study was reviewed and approved by the ethics
committee of Fudan University Shanghai Cancer
Center, and informed consent was acquired from each
patient enrolled in the study.
The statistical methods used in this study were
reviewed by the Center of Medical Biostatistics of
Fudan University Shanghai Cancer Center.

RESULTS
Patient demographics

In the present study, 106 patients underwent LAPR
and were matched with 106 patients who underwent
OAPR. The proportion of patients administered
neoCRT was 24.5% (26/106) in both groups. Patients’
demographics and preoperative evaluation are
summarized in Table 1. 55 (51.9%), and 51 (48.1%)
patients in each group were male, respectively (P =
0.583). The mean ages were 58.01 and 56.78 years in
the LAPR and OAPR group, respectively (P = 0.454).
The mean body mass index (BMI) were comparable
between the two groups (23.13 vs 22.97, P = 0.690).
The mean distance from the primary tumor to the anal
verge was 3.87 and 3.58 in the LAPR and OAPR group,
respectively (P = 0.099).
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Table 1 Clinicopathological features of the included patients
LAPR
Age (yr)
BMI
Gender
Male
Female
ASA score

P value

OAPR (%)

Mean, n

SD (%)

Mean, n

SD (%)

58.01
23.13

11.64
3.01

56.78
22.97

12.28
2.85

55
51

51.9
48.1

51
55

48.1
51.9

54
51
1

50.9
48.1
0.9

52
53
1

49.1
50.0
0.9

80
26

75.5
24.5

80
26

75.5
24.5

97
9

91.5
8.5

98
8

92.5
7.5

2
43
24
25
12

1.9
40.6
22.6
23.6
11.3

3
41
24
25
13

2.8
38.7
22.6
23.6
12.3

91
15

85.8
14.2

90
16

84.9
15.1

85
21

80.2
19.8

90
16

84.9
15.1

25
19
62

23.6
17.9
58.5

18
23
65

17.0
21.7
61.3

4
12
40
50

3.8
11.3
37.7
47.2

4
15
31
56

3.8
14.2
29.2
52.8

74
23
9
12.88
3.87

69.8
21.7
8.5
6.93
1.34

70
22
14
12.91
3.58

66.0
20.8
13.2
5.40
1.28

0.454
0.690
0.583

0.783

Ⅰ
Ⅱ
Ⅲ

Neoadjuvant therapy
No
Yes
Histology
Adenocarcinoma
Mucinous adenocarcinoma
Pathological stage
pCR
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
Grade
NA
Ⅲ/Ⅳ
Ⅰ/Ⅱ

pT category
pT0
pT1
pT2
pT3
pN category
pN0
pN1
pN2
Total examined nodes
Distance (cm)

1.000

1.000

1.000

0.846

0.366

0.451

0.612

0.543

0.974
0.099

LAPR: Laparoscopic abdominoperineal resection; OAPR: Open abdominoperineal resection; BMI: Body mass index; ASA: American Society of
Anesthesiologists; pCR: Pathological complete remission.

Quality of surgery

Positive margin was defined as the presence of tumor
[29]
cells at or within 1 mm from the margin . In the
present study, negative circumferential, distal and
proximal margins were confirmed microscopically in
all cases. The resections were considered curative
(R0 resection) in all patients, except those with
preoperatively confirmed isochronous metastatic
disease. Conversion to open procedure was required
in 3 cases (3/106, 2.83%). The reasons for conversion
were massive adhesion of intestine and the peritoneum
in two cases and severe invasion of the primary tumor
to the bladder and seminal vesicle in one case.
Intraoperative blood loss was greater (93.87 mL vs
88.44 mL, P = 0.494) and operating time was longer
(180.83 min vs 172.07 min, P = 0.190) in the LAPR
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group compared with the OAPR group, however, the
difference was not statistically significant (Table 2).

Pathological results and postoperative recovery

Pathological staging was comparable between the
groups (P = 1.000). No statistical differences were
detected between the LAPR and OAPR groups
regarding mucinous adenocarcinoma (8.5% vs 7.5%,
P = 1.000), poorly differentiated (23.5% vs 26.1%, P
= 0.687), perineural invasion (19.8% vs 15.1%, P =
0.366), lymphovascular invasion (14.2% vs 15.2%,
P = 0.846), mean tumor size (3.08 cm vs 3.48 cm, P
= 0.055) and mean number of retrieved lymph nodes
(12.88 vs 12.91, P = 0.974, Table 1).
Patients in the LAPR group experienced a significantly
shorter time to first pass of flatus (P < 0.001), time of
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Table 2 Postoperative recovery
LAPR
Intraoperative blood loss (mL)
Operation time (min)
Time to first pass of flatus (h)
Postoperative analgesia (d)
Urinary drainage (d)
Postoperative hospital stay (d)

P value

OAPR

Mean

SD

Mean

SD

93.87
180.83
57.31
2.35
6.45
11.15

60.04
47.83
7.91
0.65
3.40
4.72

88.44
172.07
63.51
2.66
7.75
12.63

55.15
49.16
9.20
0.63
1.30
3.96

0.494
0.190
0.000
0.000
0.000
0.014

LAPR: Laparoscopic abdominoperineal resection; OAPR: Open abdominoperineal resection.

1.0

Table 3 Summary of complications
OAPR

n

n

3
1
1
2
1
1
1
9

5
2
2
3
1
0
0
13

P value

0.8
Disease-free survival

Abdominal wound infection
Perineal wound reintervention
Bowel obstruction
Urinary retention
Ureter damage
Urethra damage
Parastomal hernia
Total

LAPR

0.721
1.000
1.000
1.000
1.000
1.000
1.000
0.500

postoperative analgesia (P < 0.001), duration of urinary
drainage (P < 0.001) and postoperative admission
days (P = 0.014, Table 2).

Surgical complications

Nine (84.9%) and 13 (12.3%) patients suffered
postoperative complications in the LAPR and OAPR
group, respectively (P = 0.500). Abdominal wound
infection occurred in 3 and 5 cases and postoperative
bowel obstruction was detected in 1 and 2 patients in
the LAPR and OAPR group, respectively. One patient
in each group experienced ureter damage. 1 case
of urethral damage occurred in the LAPR group. In
particular, two APR-specific surgical complications,
perineal wound complication requiring reintervention
(1 case vs 2 cases) and parastomal hernia (1 case vs
none) were comparable between the two groups. No
perioperative mortality, readmissions or relaparotomies
were observed. The distribution of complications was
not statistically different (P = 0.616; Table 3).

Short-term follow-up was carried out in all enrolled
patients with a median follow-up time of 16 mo (range:
1-67 mo). Metachronous metastasis was detected
in 15 cases (9 lung, 5 liver, 2 bone, 1 inguinal lymph
node and 2 peritoneum). 4 cases were diagnosed
with local recurrence. 2 and 3 deaths occurred in the
LAPR and OAPR group, respectively, resulting from
cachexia caused by metastatic disease. The number of
metachronous metastases was comparable between
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0.4
LAPR
OAPR
LAPR-sencor
OAPR-sencor

0.2

LAPR: Laparoscopic abdominoperineal resection; OAPR: Open
abdominoperineal resection.

Follow-up

0.6

0.0
0

10

20

30
40
50
Survival months

P = 0.317
60

70

Figure 1 Survival curves of 161 patients with non-metastatic low rectal
cancer using log-rank test and Kaplan-Meier estimate. The 3-year diseasefree survival in the LAPR and OAPR group was 88.1% and 71.9%, respectively
(P = 0.317). LAPR: Laparoscopic abdominoperineal resection; OAPR: Open
abdominoperineal resection.

the LAPR and OAPR groups (3 cases vs 12 cases, P
= 0.275). Similarly, the number of local recurrences
was not significantly different between the LAPR and
OAPR groups (3 vs 1, P = 0.337). 3-year disease-free
survival rate was 88.1% and 71.9% in the LAPR and
OAPR group, respectively (P = 0.317, Figure 1). No
port site recurrences were observed during the followup period.

Neoadjuvant chemoradiation

Sub-group analysis was carried out by dividing the
enrolled patients by preoperative chemoradiation.
24.5% (26/80) of patients in the LAPR and OAPR
group were administered preoperative chemoradiation.
Among the patients with preoperative chemoradiation,
2 cases in the LAPR group (7.7%) and 3 cases in the
OAPR group (11.5%) achieved complete pathological
remission.
The demographics of the patients, clinicopathological
features of the tumors and surgical complications
were comparable between the LAPR and OAPR group
among patients with or without neoCRT (Table 4).
Mean lymph node yield was significantly lower in
patients with neoCRT (8 vs 14, P < 0.001). Among
locally advanced patients treated with neoCRT, the
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Table 4 Clinicopathological features according to neoadjuvant therapy
No neoCRT
LAPR
Mean, n SD (%)
Age (yr)
BMI
Gender
Male
Female
ASA score

neoCRT

P value

OAPR
Mean, n

SD (%)

58.41
23.21

11.98
3.00

57.44
22.84

12.86
2.89

42
38

52.5%
47.5%

32
48

40.0%
60.0%

42
38
0

52.5%
47.5%
0.0%

37
43
0

46.3%
53.8%
0.0%

57
6

80.3%
7.5%

56
6

73.7%
7.5%

NA
33
20
19
8

41.3%
25.0%
23.8%
10.0%

NA
33
20
19
8

41.3%
25.0%
23.8%
10.0%

66
14

82.5%
17.5%

64
16

80.0%
20.0%

62
18

77.5%
22.5%

69
11

86.3%
13.8%

9
14
57

11.2%
17.5%
71.2%

4
20
56

25.0%
70.0%

0
11
27
42

0.0%
13.8%
33.8%
52.5%

0
5
7
10

0.0%
12.5%
30.0%
57.7%

56
17
7
14.58
3.73

70.0%
21.3%
8.8%
6.70
1.25

53
14
13
14.11
3.55

66.3%
17.5%
16.3%
5.35
1.26

0.623
0.431
0.113

LAPR

P value

OAPR

Mean, n

SD (%)

Mean, n

SD (%)

56.81
22.90

10.64
3.08

54.77
23.37

10.23
2.74

13
13

50.0%
50.0%

19
7

73.1%
26.9%

12
13
1

46.2%
50.0%
3.8%

15
10
1

57.7%
38.5%
3.8%

5
3

50.0%
11.5%

9
2

75.0%
7.7%

2
10
4
6
4

7.7%
38.5%
15.4%
23.1%
15.4%

3
8
4
6
5

11.5%
30.8%
15.4%
23.1%
19.2%

25
1

96.2%
3.8%

26
0

100.0%
0.0%

23
3

88.5%
11.5%

21
5

80.8%
19.2%

16
5
5

61.5%
19.2%
19.2%

14
3
9

53.8%
11.5%
34.6%

4
1
13
8

15.4%
3.8%
50.0%
30.8%

4
5
7
10

15.4%
19.2%
26.9%
38.5%

18
6
2
7.65
4.33

69.2%
23.1%
7.7%
4.73
1.50

17
8
1
9.19
3.65

65.4%
30.8%
3.8%
3.59
1.35

0.429

Ⅰ
Ⅱ
Ⅲ

Histology
Adenocarcinoma
Mucinous adenocarcinoma
Pathological stage
pCR

1.000

0.884

Ⅱ
Ⅲ
Ⅳ

Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
Grade
NA

0.970

0.685

1.000

0.151

0.701

0.224

Ⅲ/Ⅳ
Ⅰ/Ⅱ

pT category
pT0
pT1
pT2
pT3
pN category
pN0
pN1
pN2
Total retrieved nodes
Distance (cm)

0.696

1.000

Ⅰ

0.411

0.816

0.196

0.337

0.630
0.380

0.483
0.561
0.087

0.723

0.193
0.095

LAPR: Laparoscopic abdominoperineal resection; OAPR: Open abdominoperineal resection; BMI: Body mass index; ASA: American Society of
Anesthesiologists; pCR: Pathological complete remission; neoCRT: Neoadjuvant chemoradiation.

Table 5 Postoperative recovery according to neoadjuvant therapy
No neoCRT
LAPR
Intraoperative blood loss (mL)
Operation time (min)
Time to first pass of flatus (h)
Postoperative analgesia (d)
Urinary drainage (d)
Postoperative hospital stay (d)

neoCRT

P value

OAPR

Mean

SD

Mean

SD

91.88
176.48
57.55
2.39
6.63
11.41

63.87
48.47
7.56
0.63
3.75
5.24

87.94
170.25
62.93
2.70
7.70
12.80

57.55
41.73
9.33
0.64
1.07
3.94

0.683
0.385
0.000
0.001
0.016
0.060

LAPR

P value

OAPR

Mean

SD

Mean

SD

100.00
194.23
56.58
2.23
5.92
10.35

46.90
44.00
9.03
0.71
1.96
2.48

90.00
177.65
65.31
2.54
7.88
12.12

48.00
67.85
8.68
0.58
1.86
4.07

0.451
0.301
0.001
0.094
0.001
0.064

LAPR: Laparoscopic abdominoperineal resection; OAPR: Open abdominoperineal resection; neoCRT: Neoadjuvant chemoradiation.

intraoperative blood loss (P = 0.451), operation time
(P = 0.301), postoperative analgesia (P = 0.094) and
postoperative hospital stay were comparable in the
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LAPR and OAPR groups, while time to first pass of
flatus (P < 0.001) and duration of urinary drainage (P
< 0.001) was significantly shorter in the LAPR group
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Table 6 Summary of complications according to neoadjuvant therapy
No neoCRT

Abdominal wound infection
Perineal wound reintervention
Bowel obstruction
Urinary retention
Ureter damage
Urethra damage
Parastomal hernia
Total

LAPR

OAPR

n

n

3
0
1
1
1
1
1
7

3
1
1
3
0
0
0
8

neoCRT

P value
1.000

1.000

LAPR

OAPR

n

n

0
1
0
1
0
0
0
2

2
1
1
0
1
0
0
5

P value
0.497

0.191

LAPR: Laparoscopic abdominoperineal resection; OAPR: Open abdominoperineal resection; neoCRT: Neoadjuvant chemoradiation.

compared with the OAPR group. Detailed comparative
data are summarized in Tables 5 and 6.

DISCUSSION
Laparoscopy has been used in colorectal surgery
for more than 20 years. While waiting for long-term
outcomes to confirm its oncological equivalence,
according to a meta-analysis of short-term results
from multiple non-randomized and randomized trials,
laparoscopic resection of rectal cancer has been proved
to be feasible, efficacious and safe with reduced risks
[30,31]
of postoperative morbidity and mortality
. However,
it is worth noting that none of these trials or metaanalyses provided a subgroup analysis to address
this issue among patients who underwent the APR
procedure, nor did they report the sphincter-preserving
rate. Taking into account that the APR procedure is
different from the sphincter-preserving procedure
resulting in perineal wound, end-sigmoid-colostomy,
prolonged postoperative recovery, increased incidence
and wide spectrum of surgical complications, the
effect of laparoscopy on the APR procedure could be
overemphasized or underestimated according to the
available evidence.
As shown in the present case-matched study,
low rectal cancer patients who underwent LAPR,
performed by extensively experienced surgeons,
demonstrated improved postoperative recovery, similar
risks of complications and retrieved lymph nodes
compared with patients who underwent OAPR. All of
the non-metastatic patients were radically resected
with negative CRM. No readmissions, reoperations,
perioperative mortality, port site or local recurrences
were observed in both groups, indicating the safety,
feasibility and oncological equivalence of LAPR.
Furthermore, in patients who received neoCRT, LAPR
decreased the time to first flatus pass and duration
of urinary drainage, while maintaining similar risks of
complications and comparable retrieved lymph nodes.
During short-term follow-up, the rate of metachronous
metastasis was comparable between LAPR and OAPR.
Meta-analyses of trials including both AR and APR
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since the 2000s have shown that patients benefit from
laparoscopic rectal surgery with respect to improved
postoperative recovery, improved abdominal cosmesis,
reduced surgical complications, fewer abdominal
[32]
wound infections and ventral hernias . Similarly,
as demonstrated in previous studies including only
[33]
APR, laparoscopic APR reduced blood loss , reduced
postoperative pain, shortened postoperative ileus,
and resulted in earlier return of bowel function and
[34]
earlier mobilization
which was in accordance with
our findings. Greater magnification and illumination
of the surgical field by laparoscopy allows better
exposure and protection of the autonomic nerves,
which probably results in shorter urinary drainage. The
minimally invasive approach with a smaller abdominal
wound and less blood loss may be the reason for
reduced analgesic requirement and improved recovery.
In the case of surgical quality and oncological radicality
reflected by CRM and lymph node yield, respectively,
short-term results of the major multicenter randomized
[35]
[19]
trials, CLASICC and COLOR , comparing conventional
open and laparoscopic rectal surgery showed that the
rate of positive CRM and lymph node yield were not
statistically different. A meta-analysis of randomized
[14]
[36]
clinical trials by Aziz et al , Anderson et al
and
[21]
Huang et al
also indicated a comparable rate of
positive CRM and lymph node yield between the open
and laparoscopic procedure for resection of rectal
cancer which supported the results from the present
study. In our study, lymph node yield was 8 and 14 in
patients with or without neoCRT, respectively, which
was comparable to that reported by previous studies.
APR performed in a number of studies was found
to have greater risks of postoperative morbidity,
prolonged recovery, worse survival and local control
[26,27,37-39]
than sphincter-saving procedures
. Despite
patient- and tumor-related factors such as older age
[40,41]
and higher tumor stage
, the procedure itself
also contributed to worse short-term outcomes in
APR due to the extensive surgical field leading to
perineal wound complications and a greater chance
of tumor perforation, involved resection margin and
damage to adjacent structures such as the urethra,
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and stoma-related complications resulting from the
inevitable permanent end colostomy. Intensified
treatment of lower rectal cancer with neoCRT has
been found to increase the chance of perineal wound
[42,43]
complications
. However, a detailed comparison of
the equivalence between laparoscopy and conventional
open procedure regarding perineal wound and
parastomal problems is lacking in most studies. In
the present study, we compared the number of cases
who suffered from perineal wound dehiscence and
deep pelvic abscess resulting in reintervention of
the perineal wound, and the number of parastomal
hernias. The results showed that LAPR and OAPR had
a similar chance of perineal wound reintervention
and parastomal hernia. Although LAPR avoids a
midline incision, LAPR patients showed only a slightly
decreased chance of abdominal wound infection. The
underlying reason could be the inability to detect
differences due to a low event rate.
Toxicity due to chemotherapeutic agents and
radiation effects results in increased operative
blood loss and operation time, greater risk of
surgical complications which exert a negative
influence on postoperative recovery and surgical
[44,45]
complications
. Intensified treatment of lower
rectal cancer with neoCRT has been found to increase
[42,43]
the chance of perineal wound complications
.
According to our results, in patients who received
neoadjuvant treatment, laparoscopy showed improved
postoperative recovery of bowel and bladder function,
and a comparable rate of APR-specific complications
was observed. The intraoperative blood loss, operation
time, postoperative admission day and APR-specific
complications were comparable between the LAPR and
OAPR groups.
There were several limitations in our study.
Firstly, due to the limited sample size, only 26
patients received neoCRT in the OAPR and LAPR
groups, which may have diminished the ability to
distinguish the potential difference in postoperative
recovery and complication risks. Secondly, due to the
retrospective design of our study, selection bias could
have interfered with interpretation of the statistical
results. The majority of analyzed patients were ASA
score Ⅰ and Ⅱ resulting in a lower postoperative
complication rate. Also, in each group, almost 60% of
patients were pathological stage Ⅰ and Ⅱ. The ability
of laparoscopy to improve postoperative recovery
and morbidity in late stage rectal cancer needs to be
examined in a future study with a larger sample size
in the subgroup. Lastly, since the median follow-up
time was much shorter than 5 years, only short-term,
but not long-term results were reported in this study.
The equivalence of laparoscopy in the multidisciplinary
treatment of rectal cancer requires further study.
In conclusion, our single-center, retrospective,
case-matched study demonstrated that, among
patients with low rectal cancer requiring abdominal
perineal resection of primary tumor, laparoscopy
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improved postoperative recovery without jeopardizing
a clear circumferential resection margin, lymph node
yield and surgical complications. In particular, risks
of the APR-specific surgical complications, perineal
wound reintervention and parastomal hernia, were
comparable in the LAPR and OAPR group.
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well as improved postoperative recovery following laparoscopic TME.
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The present study demonstrated improved postoperative recovery and shorter
admission time after laparoscopic APR, compared with the conventional
open procedure. Laparoscopic APR is safe and equal in terms of surgical
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perineal wound reintervention and parastomal hernia are comparable between
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In the era of individualized and multidisciplinary oncology, the increased
application of laparoscopy to perform APR is another milestone and will benefit
more patients with low rectal cancer.
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APR, also called Miles operation, involves surgical removal of the anus, the
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Abstract
AIM: To determine whether the combination of
platelet count (PLT) with spleen volume parameters
and right liver volume (RV) measured by magnetic
resonance imaging (MRI) could predict the Child-Pugh
class of liver cirrhosis and esophageal varices (EV).
METHODS: Two hundred and five cirrhotic patients
with hepatitis B and 40 healthy volunteers underwent
abdominal triphasic-enhancement MRI and laboratory
9
examination of PLT in 10 /L. Cirrhotic patients under
went endoscopy for detecting EV. Spleen maximal width
(W), thickness (T) and length (L) in mm together with
3
spleen volume (SV) and RV in mm were measured
3
by MRI, and spleen volume index (SI) in mm was
obtained by W × T × L. SV/PLT, SI/PLT and RV × PLT/
SV (RVPS) were calculated and statistically analyzed to
assess cirrhosis and EV.
RESULTS: SV/PLT (r = 0.676) and SI/PLT (r = 0.707)
increased, and PLT (r = -0.626) and RVPS (r = -0.802)
decreased with the progress of Child-Pugh class (P
< 0.001 for all). All parameters could determine the
presence of cirrhosis, distinguish between each class
of Child-Pugh class, and identify the presence of EV
[the areas under the curve (AUCs) = 0.661-0.973].
Among parameters, RVPS could best determine
presence and each class of cirrhosis with AUCs of 0.973
and 0.740-0.853, respectively; and SV/PLT could best
identify EV with an AUC of 0.782.
CONCLUSION: The combination of PLT with SV and
RV could predict Child-Pugh class of liver cirrhosis and
identify the presence of esophageal varices.
Key words: Cirrhosis; Spleen; Hepatic lobe; Magnetic
resonance imaging; Platelet count
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study determined whether and how the
combination of platelet count (PLT) with spleen volume
(SV) and right liver volume (RV) by MRI could predict
the Child-Pugh class of liver cirrhosis and esophageal
varices (EV). We confirmed that the ratio of SV/PLT
increased with the progress of Child-Pugh class, PLT
and RVPS (RV × PLT/SV) decreased with the progress
of Child-Pugh class. As a new combined parameter,
RVPS can be an optimized marker to identify the
occurrence of cirrhosis and differentiate the Child-Pugh
class. SV/PLT could be recommended for identifying
the presence of EV.
Chen XL, Chen TW, Zhang XM, Li ZL, Zeng NL, Zhou P, Li H,
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Ren J, Xu GH, Hu JN. Platelet count combined with right liver
volume and spleen volume measured by magnetic resonance
imaging for identifying cirrhosis and esophageal varices. World J
Gastroenterol 2015; 21(35): 10184-10191 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10184.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10184

INTRODUCTION
Post-hepatitis cirrhosis is a frequent disorder
worldwide, and could lead to severe complications
such as esophageal varices (EV) and liver failure,
which are directly related to the mortality of cirrhosis
[1-2]
patients
. The new concept in management of
cirrhosis patients is early intervention to stabilize
disease progression, and to avoid or delay clinical
[1]
decompensation . Therefore, noninvasive and reliable
evaluation of the severity of cirrhosis is critically
important for management. The modified Child-Pugh
classification system (CPS) has been confirmed as
an important predictive index for cirrhotic patients,
and is an extensively used and reported system in
[3-5]
assessment of the severity of cirrhosis . However,
CPS has several drawbacks which could be influenced
by a variety of internal and external factors in cirrhosis
patients. For example, all patients with bilirubin > 51
μmol/L were considered to have a score of three in the
[6]
CPS, despite that they may have different prognosis .
Better dynamic and repeatable non-invasive tools are
needed to monitor and classify the severity of cirrhosis.
Recently, the most commonly reported parameters
for assessing cirrhosis include low platelet count
(PLT) and large spleen size on ultrasound as well as
[7-10]
high Child-Pugh score
, and there were increasing
numbers of studies for evaluating the severity
of cirrhosis using the spleen function and spleno
[11,12]
megaly
. Furthermore, the novel index by the
combined PLT to spleen diameter ratio was reported to
identify cirrhotic patients with EV, which was based on
[13]
the routine laboratory and ultrasound examinations .
However, none of the above-mentioned methods were
accurate enough. For example the assessment of the
spleen size by ultrasound was always affected by the
[14]
position of the spleen or bowel gas .
With recent advances in magnetic resonance
imaging (MRI), which is safe and repeatable, it plays
a progressively more significant role in evaluation
[15-17]
of cirrhosis
. Previous research showed that
the decrease of right liver lobe volume (RV) was
positively correlated with the severity of cirrhosis and
[18]
prognosis . However, the combination of RV, spleen
volume parameters and PLT in a single score has not
been tested for assessing cirrhosis. This study aimed
at determining whether the combination of PLT with
spleen volume parameters and RV measured by MRI is
associated with the severity of cirrhosis and EV.
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MATERIALS AND METHODS
Ethics statement

This study was reviewed and approved by the
Committee for Ethical Review of Research involving
Human Subjects of Affiliated Hospital of North Sichuan
Medical College.
RL

Patients

Form October 2012 to May 2014, 218 consecutive
cirrhotic patients treated in our institution were enrolled
into the study according to the inclusion criteria as
[15]
described in detail previously : (1) cirrhosis resulting
from hepatitis B was diagnosed according to practice
guidelines of the American Association for the Study
[19]
of Liver Diseases (AASLD) ; (2) participants received
available endoscopy for detection of EV, abdominal
dynamic enhanced magnetic resonance (MR) scans,
and available complete blood count and Child-Pugh
score was calculated by ascites, albumin, prothrombin
activity, bilirubin and encephalopathy; and (3)
patients had no hepatocarcinoma, portal vein emboli,
or hepatic vascular malformation based on clinical or
image data. In this cohort, 133 cases were confirmed
by liver biopsy, and the remaining 85 cases were
diagnosed based on the AASLD guidelines because
of the abnormal coagulation. Exclusion criteria were
as follows: (1) previous or active gastrointestinal
bleeding (n = 3); (2) receiving therapy for portal
hypertension (n = 5); (3) hepatic schistosomiasis (n
= 1) or hematologic disorders (n = 3); or (4) active
alcohol abuse (n = 1). Consequently, two-hundred
and five cirrhotic patients (127 men and 78 women;
age range, 23-81 years) were enrolled into our study.
Each patient underwent MR scans, laboratory
examination of PLT and Child-Pugh score calculation
followed by endoscopy for demonstrating EV by the
endoscopy operators within one week after admission.
In this study, 32.7% (67/205) of patients had ascites,
7.8% (16/205) had EV, 35.1% (72/205) had EV and
ascites, and 24.4% (50/205) had neither EV nor
ascites. Based on Child-Pugh score calculation, 47, 95
and 63 patients were classified as having Child-Pugh
Class A, B and C, respectively.
During the same research period, 40 (24 men and
16 women) randomly chosen consecutive healthy
adults with no history of liver disease served as a
reference group. The participants had negative findings
on abdominal MRI and laboratory examinations at our
institution.

MR technique

[15]

As described in detail previously , each participant
underwent MRI scans supinely with a 3.0-T scanner
(Signa; GE Medical Systems, Milwaukee, WI) in
an 8-channel phased array body coil after the
establishment of respiratory signals. Unenhanced T1and T2-weighted images were obtained with a single-
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Figure 1 Outlines of right liver lobe (RL, in pink) and the spleen (S, in
purple) are delineated on the axial enhanced magnetic resonance image.

shot fast SE sequence. Subsequently, each patient
received an injection of Magnevist at a dose of 0.2
mmol/kg of body weight, and at an injection rate of 2
mL/s followed by 20-mL saline solution flush for axial
enhanced three-dimensional gradient-echo sequence.
The scanning coverage was from the diaphragm to
the inferior border of spleen. The scanning parameters
were: TR = 3.9 ms, TE = 1.8 ms, matrix = 256 mm ×
224 mm, FOV = 34 cm × 34 cm, and thickness = 5.0
mm.

Image analysis

The analysis of MR images was performed on a GE
[15]
workstation as described in detail previously . The
portal venous phase contrast-enhanced images were
used for analysis, because they could be better than
arterial or delayed phase images for depicting the
[15]
outline of the liver and spleen . On the enhanced
images, two radiologists (Tian-Wu Chen and XiaoLi Chen) independently measured RV and spleen
volume (SV) without the knowledge of clinical data. To
obtain RV, right liver lobe contour was manually traced
excluding intrahepatic vasculature and the gallbladder.
This measurement on each axial section was re
peatedly until covering the whole liver lobe. The RV
was then calculated by multiplying the sum of all the
[20]
right liver lobe areas by the slice thickness . SV was
measured by the similar method to RV measurement
(Figure 1).
In addition, the two radiologists also independently
measured spleen maximal width (W), thickness (T)
and length (L) for obtaining the spleen volume index
(SI = W × T × L) according to the previously described
[15,21]
method
. Because SV or SI takes spleen maximal
W, L and T into consideration, we think that SV or SI
can be more accurate than spleen maximal width to
assess spleen size. Therefore, based on SV, RV and
PLT, the ratios of spleen volume parameters measured
by MRI to PLT (including the SV/PLT and SI/PLT) were
calculated in this study. Moreover, we combined PLT/
SV with RV by multiplying both parameters into a
single marker (RVPS = RV × PLT/SV) to assess liver
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Table 1 The main clinical characteristics of healthy volunteers and cirrhotic patients with different modified Child-Pugh classes
Variable

Cirrhotic patients (n = 205)

Healthy volunteers

Gender (M/F)
Age (yr)
Esophageal varices
PLT (109/L)
SV/PLT
SI/PLT
RVPS

P value

(n = 40)

Class A (n = 47)

Class B (n = 95)

Class C (n = 63)

24/16
51.50 ± 2.31
Not appear
249.70 ± 5.71
0.56 ± 0.03
1.15 ± 0.06
1898.72 ± 138.12

24/23
58.13 ± 1.83
17.02% (8/47)
178.29 ± 12.77
1.98 ± 0.25
4.07 ± 0.49
686.34 ± 121.37

60/35
55.99 ± 1.18
45.26% (43/95)1
137.67 ± 22.171
5.23 ± 1.051
11.77 ± 2.081
359.99 ± 41.371

43/20
54.38 ± 1.63
58.73% (37/63)1
82.44 ± 21.141,2
29.50 ± 13.551,2
67.39 ± 24.911,2
80.06 ± 10.101,2

0.816
0.056
< 0.001a
< 0.001a
< 0.001a
< 0.001a
< 0.001a

1

Different from Child-Pugh class A; 2Different from Child-Pugh class B, and all the comparisons denote significance after Bonferroni correction (P < 0.05). aP
value shows the difference between cirrhotic patients and healthy volunteers. BMI: Body mass index; SV: Spleen volume; SI: Spleen volumetric index; PLT:
Platelet count; RV: Right liver lobe volume; RVPS: RV × PLT/SV; M: Male; F: Female.

0.90-0.99), 0.92 for L (95%CI: 0.86-0.98), 0.93 for
SV (95%CI: 0.90-0.99), and 0.88 for RV (95%CI:
0.81-0.95). There was good agreement between
the two observers’ measurements. Then the two
observers’ measurements were averaged and used as
the final results.

Table 2 Comparison of the parameters between cirrhotic
patients with and without esophageal varices
Parameter

Esophageal varices

PLT (109/L)
SV/PLT
SI/PLT
RVPS

No (n = 117)

Yes (n = 88)

142.98 ± 81.45
4.22 ± 5.98
11.40 ± 16.73
494.72 ± 650.52

99.33 ± 73.72
14.58 ± 20.62
48.33 ± 131.01
160.62 ± 171.01

P value
< 0.001
< 0.001
< 0.001
< 0.001

PLT: Platelet count; SV: Spleen volume; SI: Spleen volumetric index; RV:
Right liver lobe volume; RVPS: RV × PLT/SV.

cirrhosis.

Statistical analysis

Statistical analyses were performed with SPSS software
(version 17.0, SPSS, Chicago, IL, United States). P
values < 0.05 were considered statistically significant.
The interobserver agreements in the RV or spleen
size parameter measurements between two inde
pendent radiologists were evaluated using interclass
correlation coefficient (ICC) combined with 95%CI as
[15]
previously described .
The multiple pairwise comparisons were conducted
with the Mann-Whitney U test for comparing para
meters among the CPS classes of cirrhosis, and bet
ween patients with and without EV. Spearman’s rank
correlation analysis was used to assess the correlation
between modified Child-Pugh class and the possible
noninvasive cirrhosis prediction parameters.
The cutoff values of prediction parameters were
then determined using receiver operating characteristic
(ROC) analysis for identification of the CPS classes of
cirrhosis, and for predicting the presence of EV with an
area under the ROC curve (AUC).

RESULTS
Interobserver measurement agreement

For the interobserver measurement agreement in this
cohort, ICC was 0.96 (95%CI: 0.92-0.99) for the two
observers’ measurements of W, 0.95 for T (95%CI:
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Comparisons of the combined variables and baseline
characteristics of healthy volunteers and cirrhotic
patients among modified Child-Pugh classes

The clinical characteristics including gender, body
mass index, age, body weight, and the combined
parameters including SV/PLT, SI/PLT and RVPS of
all participants are shown in Table 1. The clinical
characteristics between cirrhotic patients and healthy
volunteers or among the CPS classes of cirrhosis had
no significant difference (P > 0.05 for all).
SV/PLT and SI/PLT increased with the progress
of CPS class (r = 0.676 and 0.707, respectively; P <
0.001 for all). Furthermore, SV/PLT and SI/PLT were
greater in CPS class B compared with class A, and also
greater in class C than in class B or A (P < 0.05 for
all). PLT and RVPS decreased with the progress of CPS
class (r = -0.626 and -0.802, respectively; P < 0.001
for all). PLT and RVPS between each class of CPS had
significant differences (P < 0.05 for all).

Comparisons of the measured parameters between
cirrhotic patients with and without EV

Comparisons of the parameters including SV/PLT, SI/
PLT, PLT and RVPS between cirrhotic patients with and
without EV are illustrated in Table 2. The patients with
EV had lower PLT and RVPS, and higher SV/PLT and
SI/PLT than those without EV. PLT, SV/PLT, SI/PLT and
RVPS between cirrhotic patients with and without EV
had significant differences (P < 0.001 for all).

ROC analysis of the measured parameters for differentiating Child-Pugh class of liver cirrhosis and predicting
the presence of EV

The ROC analyses of each measured parameter for the
differentiation between cirrhotic patients and healthy
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Table 3 Receiver operating curve analysis of measured parameters for identifying the presence and Child-Pugh class of cirrhosis, and
the presence of esophageal varices
Parameter

Cutoff values

PLT (109/L)

217
140
114
96.5
99.5
0.83
2.99
5.19
5.40
4.13
2
6.08
12.55
13.01
11.08
883.90
330.98
175.72
129.36
226.46

SV/PLT

SI/PLT

RVPS

Differentiations

AUC

Sensitivity

Specificity

Normal liver vs cirrhosis
Child-Pugh class A vs B
Child-Pugh class A vs C
Child-Pugh class B vs C
No varices vs varices
Normal liver vs cirrhosis
Child-Pugh class A vs B
Child-Pugh class A vs C
Child-Pugh class B vs C
No varices vs varices
Normal liver vs cirrhosis
Child-Pugh class A vs B
Child-Pugh class A vs C
Child-Pugh class B vs C
No varices vs varices
Normal liver vs cirrhosis
Child-Pugh class A vs B
Child-Pugh class A vs C
Child-Pugh class B vs C
No varices vs varices

0.903
0.661
0.859
0.703
0.678
0.952
0.663
0.873
0.722
0.782
0.967
0.692
0.902
0.724
0.773
0.973
0.740
0.976
0.853
0.758

97.5%
66.0%
80.9%
61.1%
61.5%
91.2%
58.9%
69.8%
69.8%
72.7%
93.7%
65.3%
76.2%
74.6%
72.7%
97.5%
78.7%
93.6%
72.6%
64.1%

86.8%
64.2%
82.5%
79.4%
60.2%
97.5%
63.8%
95.7%
62.1%
68.4%
97.5%
61.7%
97.9%
63.2%
70.1%
92.7%
62.1%
92.1%
81.0%
79.5%

PLT: Platelet count; SV: Spleen volume; SI: Spleen volumetric index; RV: Right liver lobe volume; RVPS: RV × PLT/SV; AUC: Area under the receiver
operating curve.

volunteers, or among different CPS classes of cirrhosis
are shown in Table 3. All the measured parameters
could identify the occurrence of cirrhosis, and differ
entiate the CPS classes (P < 0.05 for all) (Figure
2A-D). Among these combined parameters, RVPS was
considered the best parameter for the differentiation
between cirrhotic patients and healthy volunteers with
an AUC of 0.973, and for differentiating each class of
CPS (AUC = 0.740-0.976).
The ROC analysis was also carried out to differ
entiate between cirrhotic patients with and without
EV (Table 3). All the parameters might be indicators
for differentiating cirrhotic patients with and without
EV (Figure 2E). SV/PLT was the best predictor for
identifying the presence of EV in patients with cirrhosis
with an AUC of 0.782 (Figure 2E).

DISCUSSION
In cirrhotic patients, it is difficult to perform liver
biopsy for monitoring the stage of cirrhosis every
year or two. On the contrary, the noninvasive tools
such as laboratory examination and imaging were
secure, repeatable and useful in diagnosing chronic
[22-24]
liver disease
. In view of the changes of both the
liver or SV and PLT with the progress of cirrhosis, we
combined the noninvasive variables including RV, SV or
SI measured by MRI with PLT for determining whether
and how the parameters are associated with the
presence and severity of cirrhosis.
We combined spleen volume parameters with
PLT into a single parameter (SV/PLT or SI/PLT) to
assess liver cirrhosis for the first time this study. The
previously reported studies found that SV and SI
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measured by MRI were closely related to the Child[25,26]
Pugh class of cirrhosis
. Low PLT in cirrhosis patients
[22-23]
is possibly a multifactorial event
. The accuracy
may decrease when using PLT alone to diagnose
[22]
cirrhosis for the increased false positive results . We
presumed that combination of the sensitive markers of
splenomegaly and PLT might ameliorate the accuracy
of single tests by assessing different pathophysiological
components of liver cirrhosis. The ratio of PLT to spleen
diameter, which represents an acceptable parameter of
clinical relevance in patients with portal hypertension,
could better reflect the hypersplenism compared with
[27-29]
PLT
. Our study implied that the combination of SV
or SI with PLT was clearly superior to the performance
of PLT alone for differentiating the presence of cirrhosis
and the CPS class.
Moreover, we combined PLT/SV with RV by multi
plying both parameters into a single marker (RVPS)
to assess cirrhosis. The first attempt at integrating
empirical values was reported by multiplying spleen
diameter and liver stiffness to platelet ratio to predict
[30,31]
EV
. Similarly, we combined PLT/SV and RV into
a single marker (RVPS), which could be an optimal
marker to classify the CPS classes of cirrhosis. We did
not combine PLT/SI and RV in our study because SV
was more accurate to show spleen size than SI.
As shown in our study, with the increasing CPS
class of cirrhosis, SV/PLT and SI/PLT increased, which
was similar to the previous reports. Combining PLT
and spleen size into a single parameter could be a
[31]
good marker of portal hypertension . The pressure
of portal vein increased with the progress of cirrhosis,
resulting in an increase in spleen size and a decrease
[25,31]
in PLT
. With the progress of CPS class, RVPS also

10188

September 21, 2015|Volume 21|Issue 35|

Chen XL et al . Assessment of cirrhosis and esophageal varices

A

B

ROC curve
1.0

Source of the

ROC curve
Source of the

1.0

curve
PLT
SV/PLT
SI/PLT
RVP8
Reference line

curve
PLT
SV/PLT
SI/PLT
RVP8
Reference line

0.6

0.4

0.8

Sensitivity

Sensitivity

0.8

0.2

0.0
0.0

C

0.6

0.4

0.2

0.2

0.4

0.6

0.8

0.0
0.0

1.0

0.2

0.4

0.6

0.8

1-specificity

1-specificity

Diagonal segments are produced by ties

Diagonal segments are produced by ties

ROC curve
Source of the

1.0

D

1.0

ROC curve
Source of the

1.0

curve

curve
PLT
SV/PLT
SI/PLT
RVP8
Reference line

0.6

0.4

0.2

0.0
0.0

E

PLT
SV/PLT
SI/PLT
RVP8
Reference line

0.8

Sensitivity

Sensitivity

0.8

0.6

0.4

0.2

0.2

0.4

0.6

0.8

0.0
0.0

1.0

0.2

0.4

0.6

0.8

1-specificity

1-specificity

Diagonal segments are produced by ties

Diagonal segments are produced by ties

1.0

ROC curve
Source of the

1.0

curve
PLT
SV/PLT
SI/PLT
RVP8
Reference line

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity
Diagonal segments are produced by ties

Figure 2 Right liver lobe volume × platelet count/spleen volume is better than platelet count, spleen volume/platelet count or spleen volume index/platelet
count for distinguishing cirrhotic patients from healthy participants (A), Child-Pugh class A of cirrhosis from B, A from C, and B from C; and SV/PLT is
better than PLT, RVPS or SI/PLT for identifying esophageal varices (E). RVPS: Right liver lobe volume × platelet count/spleen volume; PLT: Platelet count; SV/
PLT: Spleen volume/platelet count; SI/PLT: Spleen volume index/platelet count.

decreased. Our findings supported the previous finding
that the spleen enlarged in cirrhosis with the rising
splenic blood flow, and at the same time the liver
[32]
volume diminished . Among the 4 parameters, our
study confirmed for the first time that RVPS could be
best associated with CPS class of cirrhosis.
As shown in our study, PLT, SV/PLT, SI/PLT and
RVPS could be used to identify the presence of
cirrhosis and to differentiate the CPS classes. With a
better AUC, the performance of RVPS was superior
to PLT, SV/PLT or SI/PLT for indicating the presence
of cirrhosis and to differentiate the CPS classes.
Therefore, for identifying the presence of cirrhosis
and to differentiate the CPS classes, RVPS could be

WJG|www.wjgnet.com

suggested as an optimal parameter.
In addition, we determined how the combined
parameters (SV/PLT, SI/PLT and RVPS) are associated
with EV in cirrhosis patients. This protocol was
referenced from the published report, in which the
liver stiffness × spleen diameter/platelet ratio or the
ratio of PLT to spleen diameter was used to identify
[30,31]
cirrhotic patients with EV
. In the current study,
the combined parameters were used to identify clinical
EV in patients with compensated cirrhosis, which is
potentially useful in that it might enable avoidance
of endoscopy in some patients. The patients with EV
had lower PLT and RVPS, and higher SV/PLT or SI/
PLT than those without EV. In patients with cirrhosis,
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although PLT, SV/PLT, SI/PLT and RVPS could predict
the presence of EV, SV/PLT was the best parameter.
Although RVPS cannot be superior to SV/PLT for
predicting EV, this combined parameter might decrease
false positive results and improve the accuracy, for
higher specificity can be obtained from RVPS than
from SV/PLT.
There are several limitations in this study. First, the
results were not tested prospectively on another group
of patients with hepatitis B but without cirrhosis (such
as no or mild fibrosis), but this study provided some
positive suggestions that the combined parameters
including SV/PLT, SI/PLT and RVPS could be used to
identify the occurrence of cirrhosis, to differentiate the
CPS classes, and to identify the presence of EV. Our
further studies involving patients with hepatitis B but
without cirrhosis will be performed to confirm these
results. Second, some concerns could be raised in
terms of costs. The avoidance of upper gastrointestinal
endoscopies has to be challenged with the costs related
with a routine use of MR in all patients with cirrhosis.
Although MRI examination was more expensive
than upper gastrointestinal endoscopies, most of
patients, especially for these patients who cannot
endure invasive upper gastrointestinal endoscopic
examination, would like to receive non-invasive MRI
other than upper gastrointestinal endoscopies. Third,
we did not make a differential diagnosis between
chronic hepatitis B and liver cirrhosis. In our future
study, we will differentiate patients with chronic
hepatitis B from those with liver cirrhosis.
In conclusion, SV/PLT and SI/PLT increased with
the progress of Child-Pugh class, and PLT and RVPS
decreased with the progress of Child-Pugh class. As a
new combined parameter, RVPS can be an optimized
marker to identify the occurrence of cirrhosis and
differentiate the CPS class. SV/PLT could be recom
mended for identifying the presence of EV. We hope
that the results of our study could be helpful to
determine the appropriate treatment approach.

hepatitis B.

Innovations and breakthroughs

The results of this research showed that the spleen volume/platelet count ratio
increased with the progress of Child-Pugh class, which could be used to identify
the Child-Pugh class of cirrhosis and the presence of esophageal varices. The
combination of platelet count with spleen volume and right liver volume could
identify the occurrence of cirrhosis and differentiate the Child-Pugh class.

Applications

As a new combined parameter (RVPS = right liver lobe volume × platelet count/
spleen volume), the combination of platelet count with spleen volume and right
liver volume can be an optimized marker to identify the occurrence of cirrhosis
and to monitor or classify the severity of cirrhosis. The spleen volume/platelet
count ratio could be recommended for identifying the presence of esophageal
varices. The authors hope that the results of the study could be helpful to
determine the appropriate treatment approach.

Terminology

The Child-Pugh classes include A, B, and C, which are calculated by ascites,
albumin, prothrombin activity, bilirubin and encephalopathy.

Peer-review

The manuscript reports a retrospective study describing the ability of the
combination of platelet count with spleen volume and right liver volume
measured by magnetic resonance imaging to diagnose clinically and/or biopsy
proven cirrhosis and esophageal varices in 205 HBV-positive patients.
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Abstract
AIM: To assess the relationship between non-alcoholic
fatty liver disease (NAFLD) with metabolic risk factors
and brachial ankle pulse wave velocity (baPWV).
METHODS: A total of 8603 subjects (6662 males and
1941 females) were enrolled during an annual health
check-up. Fatty liver was examined using a Philips
HD 11 XE multi-function color Doppler diagnostic
instrument, and baPWV was determined using a novel
arteriosclerosis detection device. Blood pressure (BP),
fasting plasma glucose (FPG), waist circumference
(WC), plasma triglycerides (TG), high-density
lipoprotein (HDL), total cholesterol (TC), low-density
lipoprotein (LDL) and uric acid (UA) were measured
using standard methods. The relationship between
fatty liver with metabolic risk factors and baPWV was
2
analyzed using regression analysis and the χ test.
RESULTS: The values and abnormal rates of baPWV
were significantly different between NAFLD patients
and non-NAFLD subjects (P < 0.001). In addition, the
values of baPWV were different by gender between
NAFLD patients and non-NAFLD subjects. The OR
values in females, males, and the entire population
were 3.33, 1.67, and 2.13, respectively (P < 0.001).
The incidence of high baPWV increased with increasing
degree of NAFLD (levels 0, 1, 2, and 3) (P < 0.001),
which was 45.9%, 54.5%, 60.2%, and 71.4% in males

10192

September 21, 2015|Volume 21|Issue 35|

Zhu WH et al . Non-alcoholic fatty liver and brachial-ankle pulse wave velocity

and 27.0%, 49.1%, 55.60%, and 60.0% in females
(P < 0.001), respectively. Logistic regression analysis
showed that the OR value for baPWV in the nonmetabolic syndrome group and the metabolic syndrome
group was 1.28 vs 1.14 (males) and 2.55 vs 0.98
(females). The OR values for baPWV in the non-high-BP
and high-BP, non-high-WC and high-WC, non-high-FPG
and high-FPG, non-high-TG and high-TG, non-high-HDL
and high-HDL, non-high-TC and high-TC, non-high-LDL
and high-LDL, non-high-UA and high-UA groups were
3.38 vs 1.19, 3.50 vs 1.44, 2.80 vs 2.30, 3.29 vs 1.88,
3.03 vs 3.28, 3.35 vs 2.70, 3.93 vs 1.66, and 3.20 vs
2.34, respectively, in females (P < 0.001), and were
1.37 vs 1.34, 1.56 vs 1.26, 1.51 vs 1.28, 1.49 vs 1.52,
1.71 vs 1.61, 1.59 vs 1.74, 1.76 vs 1.47, and 1.73 vs
1.54, respectively, in males (P < 0.01). The OR value
for baPWV was still higher than 1.2 (1.21 in males and
1.40 in females) after adjustment for the metabolic
component (0, 1, 2, 3, 4, 5, 6 and above) (P < 0.01).
CONCLUSION: NAFLD is closely correlated with baPWV,
particularly in females. NAFLD has a large impact on
baPWV, no matter whether the metabolic index is
increased or not. NAFLD may be a useful indicator for
assessing early arteriosclerosis.

exist with metabolic risk factors; it is closely related
to atherosclerosis and can cause early changes in the
function of arterial wall. NAFLD is accompanied by
the release of a variety of proinflammatory molecules
also implicated in cardiovascular disease (CVD) and
metabolic syndrome (MetS), and it is an early stage
[2]
in the process of systemic endothelial damage . In
[3]
a long-term follow-up study, Rafiq et al concluded
that NAFLD was not only a sign of atherosclerosis,
but may also be involved in the development of early
atherosclerosis; the prognosis of NAFLD is mainly
associated with the occurrence of acute coronary events
and stroke events. NAFLD is associated with coronary
plaque, independent of traditional cardiovascular
[4]
diseases . Brachial-ankle pulse wave velocity (baPWV)
is currently well recognized as an ideal indicator for
[5]
assessing early atherosclerosis . Metabolic risk factors
are defined as a cluster of multiple cardiovascular risk
[6]
factors . The current study was designed to analyze
the relationship between NAFLD and baPWV and
explore the potential impact of NAFLD and metabolic
risk factors on early changes in the function of
arterial wall, in order to provide evidence for the early
assessment of cardiovascular diseases.

Key words: Non-alcoholic fatty liver; Metabolic risk
factors; Brachial ankle pulse wave velocity

MATERIALS AND METHODS

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
is emerging as an independent risk factor for the
occurrence and progression of ischemic cardiovascular
disease. However, the association between NAFLD
and arterial stiffness is not fully elucidated. This study
showed that NAFLD is closely related to brachial ankle
pulse wave velocity. NAFLD has a noticeable impact
when considering gender in the metabolic risk factor
group, especially in females. NAFLD may be a useful
indicator for assessing early arteriosclerosis.
Zhu WH, Fang LZ, Lu CR, Dai HL, Chen JH, Qiao QH, Chen
LY. Correlation between non-alcoholic fatty liver with metabolic
risk factors and brachial-ankle pulse wave velocity. World J
Gastroenterol 2015; 21(35): 10192-10199 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10192.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10192

Subjects

A total of 9613 subjects (7180 males and 2433
females) who received health check-ups in our hospital
from January 2013 to June 2014 were enrolled in this
study. Metabolic risk factors, NAFLD, and baPWV were
determined in these subjects. The inclusion criteria were
as follows: (1) healthy residents in Zhejiang Province,
China; and (2) subjects aged 25-75 years. The exclusion
criteria were: (1) subjects with cardiovascular disease,
other types of viral hepatitis and liver disease, abnormal
liver function, drug-induced hepatitis, decompensated
cirrhosis, autoimmune liver disease, hyperthyroidism, or
cancer; or (2) subjects with a history of heavy drinking
(equivalent of 40 g ethanol intake per week). Excluding
1010 subjects who were lost to follow-up, a total of
8603 subjects (6662 males and 1941 females) were
eventually included with informed consent. This study
was approved by the Medical Ethics Committee in Sir
Run Run Shaw Hospital. All study participants, or their
legal guardian, provided informed written consent prior
to study enrollment.

Detection of metabolic risk factors, NAFLD and baPWV

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a
clinicopathologic syndrome with pathological changes
in liver tissue similar to alcoholic fatty liver disease, but
without a history of excessive alcohol consumption. It
is a manifestation of the metabolic syndrome in the
[1]
liver . Many studies have shown that NAFLD can co-
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NAFLD was diagnosed by examining fatty livers
using a Philips HD 11 XE multi-function color Doppler
diagnostic instrument (Philips Ultrasound, United
States). Subjects were then divided into the nonfatty liver group (group 0) and the fatty liver groups
(including the mild, moderate, and severe fatty liver
groups which were labeled as groups 1, 2, and 3).
The baPWV was determined using a novel arterio
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sclerosis detection device VP-1000 (BP-203RPE Ⅲ)
(Omron Corporation, Japan). The subjects were asked
to rest quietly before taking three deep breaths in the
spinal position, then remain quiet for another 5 min,
and the pulse wave at the brachial-ankle artery was
measured, and the baPWV value and its abnormal
[7]
change rate were determined . Here, the “abnormal
change rate” refers to the percentage of the changed
baPWV values relative to the reference values in
subjects of the same gender and age. The means at the
left and right sides were obtained, and then the median
and values higher than the median were determined in
the increased group.
The metabolic risk factors (closely related to
fatty liver) were selected according to the guidelines
for metabolic syndrome, hyperlipidemia and hype
ruricemia prevention. The metabolic risk factors
were determined, including: blood pressure (BP),
waist circumference (WC), fasting plasma glucose
(FPG), triglycerides (TG), total cholesterol (TC), highdensity lipoprotein (HDL), low-density lipoprotein
(LDL) and uric acid (UA). BP was measured using the
standard method recommended in the 2010 Chinese
Guidelines for the Management of Hypertension. WC
was measured using the World Health Organization
(WHO) standard method (the subjects were asked
to stand and breathe normally, and the WC at the
midpoint between the lowest rib and the iliac crest
was measured). TG and TC were measured using the
oxidase method, and HDL and LDL were measured
using direct homogeneous methods. Uric acid (UA)
was measured using enzymatic colorimetric method.

Diagnostic criteria

Criteria for assessing NAFLD: Ultrasonography was
performed to assess NAFLD in accordance with the
Diagnostic Criteria of Non-alcoholic Fatty Liver Disease
[8]
by the Chinese Society of Hepatology in 2010 .
Fatty liver was defined as “diffuse” if it met two of
the following three criteria: (1) there was diffuse
enhancement of near-field echo in the hepatic region,
with the echo stronger than that in the kidneys; (2)
the intrahepatic ductal structures were not clearly
shown; and (3) the far-field echo in the hepatic region
gradually became attenuated. According to the NALFD
grading proposed by the Chinese Society of Hepatology
[9]
and those described in a national document , we
categorized the degree of echo attenuation in the
posterior field, the intensities of hepatic dotted echoes,
and the clarity of intrahepatic portal vein into Ⅰ (low),
Ⅱ (intermediate), and Ⅲ (high). The posterior-field
echo attenuation in fatty liver patients was further
graded: degree Ⅰ, attenuated by < 1/3; degree Ⅱ,
attenuated by 1/3-2/3; and degree Ⅲ, attenuated by
> 2/3.
Diagnostic criteria for the metabolic syndrome
and other metabolic risk factors: The diagnostic
[10]
criteria for MS
established by the International
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Diabetes Federation in 2005 were adopted. More
specifically, the subjects were determined to have MS
if they had central obesity (waist circumference ≥ 90
cm in males and ≥ 80 cm in females) accompanied
by two or more of the following features: (1)
triglyceride (TG) level > 1.7 mmol/L; (2) systolic
blood pressure (SBP) ≥ 130 mmHg; or diastolic blood
pressure (DBP) ≥ 85 mmHg; or had been diagnosed
with hypertension; (3) fasting plasma glucose (FPG)
≥ 5.6 mmol/L, or had been diagnosed with type 2
diabetes; (4) high-density lipoprotein cholesterol
(HDL-C) < 1.04 mmol/L in males and < 1.30 mmol/
L in females. According to the diagnostic criteria
proposed in the Guidelines on Adult Lipid Control
[11]
in China (2007 Edition) , hypercholesteremia was
defined as ≥ 5.2 mmol/L and high LDL-C was defined
as ≥ 3.1 mmol/L; and (5) According to the diagnostic
criteria of the American Rheumatism Association in
1997, hyperuricemia is defined as a serum uric acid
level ≥ 420 mmol/L in males or ≥ 357 mmol/L in
females.

Statistical analysis

All measurement data were entered into the database
and then analyzed using SPSS 19.0 software. Data
are presented as mean ± SD, categorical variables
of medians, and percentages (%). t test was used
for analysis of metabolic index and baPWV in nonalcoholic fatty liver and alcoholic fatty liver. The
potential correlation between NAFLD and baPWV
was analyzed using the logistic regression method.
The potential impact of NAFLD on baPWV in subjects
with high metabolic risk factors and in those with
normal metabolic risk factors was also analyzed using
the logistic regression method and multiple linear
regression analysis. The increased percentage in
baPWV in patients with different degrees of fatty liver
2
was analyzed using the χ test. A P value of less than
0.05 was considered statistically significant.

RESULTS
Demographic and clinical characteristics of study
subjects

The baseline SBP, DBP, WC, FPG, body mass index,
TG, HDL, TC, LDL, baPWV value, and rate of change
in baPWV differed significantly between the fatty liver
group and the non-fatty liver group (Table 1).

Relationship between brachial-ankle pulse wave velocity
and NAFLD

High baPWV was defined as a value equal to or higher
than the median [median baPWV value: 1321 cm/s
(males) and 1219 cm/s (females), and 1302 cm/s
(entire population)]. With NAFLD as the independent
variable and high baPWV as the dependent variable,
logistic regression and multiple linear regression
analysis of the relationship between NAFLD and baPWV
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Table 1 Demographic and clinical characteristics of study
subjects in non-alcoholic fatty liver disease and no nonalcoholic fatty liver disease groups

Age (yr)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
WC (cm)
FBG (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
TC (mmol/L)
LDL (mmol/L)
UA (mmol/L)
Mean baPWV
value (cm/s)

NAFLD groups

non-NAFLD group

(n = 4025)

(n = 4578)

46.92 ± 9.12
26.42 ± 2.83
127.68 ± 15.49
79.65 ± 11.38
90.70 ± 7.88
5.46 ± 1.36
2.18 ± 1.64
1.12 ± 0.28
5.02 ± 0.98
2.82 ± 0.78
386.60 ± 88.75
1384.09 ± 228.86

45.67 ± 9.95
22.93 ± 2.63
119.46 ± 16.17
72.78 ± 11.04
80.08 ± 8.23
4.97 ± 0.87
1.25 ± 0.81
1.29 ± 0.29
4.68 ± 0.89
2.65 ± 0.73
319.00 ± 87.17
1297.38 ± 237.58

Male
High baPWV percentage

Variables

P value
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

OR

95%CI

P value

1219 (34.2)
2348 (65.8)

1.667

1.510-1.841 < 0.001

372 (54.4)
312 (45.6)

3.328

2.714-4.082 < 0.001

1591 (37.4)
2660 (62.6)

2.134

1.957-2.326 < 0.001

NAFLD: Non-alcoholic fatty liver disease; baPWV: Brachial-ankle pulse
wave velocity (high baPWV was defined as a value equal to or higher than
the median).

showed that NAFLD had an impact on high baPWV in
males (OR = 1.667), females (OR = 3.328), and the
entire population (OR = 2.134) (Table 2).

Relationship between severity of NAFLD and baPWV

We analyzed the proportions of high baPWV in four
NAFLD groups (groups 0, 1, 2, and 3) and found that
the incidence of high baPWV gradually increased in
the entire population (39.5%, 53.6%, 58.1%, and
2
70.5%, respectively; χ = 320.3, P < 0.001), in males
2
(45.9%, 54.5%, 60.2%, and 71.4%, respectively; χ
= 118.0, P < 0.001), and in females (27.0%, 49.1%,
2
55.60%, and 60.0%, respectively; χ = 145.8, P <
0.001) with an increase in the degree of NAFLD (Figure
1). The value of baPWV increased gradually in females
(from group 1 to group 4, P < 0.001), and males (from
group 1 to group 3, P < 0.01; Figure 2).
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All subjects

40%

20%

NAFLD
group 0

NAFLD
group 1

NAFLD
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NAFLD
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Figure 1 Relationship between the severity of non-alcoholic fatty liver
disease and brachial-ankle pulse wave velocity. The subjects were divided
into four groups (0, 1, 2, and 3) based on the degree of fatty liver (0: none; 1:
mild; 2: moderate; and 3: severe). baPWV: Brachial-ankle pulse wave velocity;
NAFLD: Non-alcoholic fatty liver disease.

Relationship between NAFLD and baPWV after
stratification of metabolic risk factors

The metabolic risk factors were stratified into two
groups according to the diagnostic criteria of MS and
metabolic factors. With the presence of fatty liver
as the independent variable and high baPWV as the
dependent variable (high baPWV was defined as a
value equal to or higher than the median), logistic
regression analysis was performed to determine the
relationship between fatty liver and high baPWV.
The results showed that, in all groups of non-high
metabolic risk factors and high metabolic risk factors,
NAFLD has an effect on baPWV, particularly in females
- except for females with MS (P < 0.01) (Table 3).

Table 2 Relationship between brachial-ankle pulse wave
velocity and non-alcoholic fatty liver disease n (%)
High baPWV Non-high baPWV

60%

0%

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting blood
glucose; WC: Waist circumference; TG: Triglycerides; HDL: High-density
lipoprotein; TC: Total cholesterol; LDL: Low-density lipoprotein; baPWV:
Brachial-ankle pulse wave velocity; UA: Uric acid.

Males with NAFLD
No
1436 (46.4)
Yes
1659 (53.6)
Females with NAFLD
No
1004 (79.9)
Yes
253 (20.1)
Entire population
No
2440 (56.1)
Yes
1912 (43.9 )

Female

Logistic regression analysis after adjustment for age
and metabolic components

The metabolism risk factors were divided into
7 groups (0, 1, 2, 3, 4, 5, 6 and above groups)
according to metabolic component number. Logistic
regression analysis was also performed to determine
the relationship between fatty liver and baPWV after
adjusting for metabolic components (the number
of metabolism risk factors to be assumed dummy
variable). OR value for baPWV was still higher than 1.2
(in males and females) (P < 0.05) (Table 4).

DISCUSSION
NAFLD is associated with atherosclerosis and
coronary heart disease. Research has shown that
liver histopathology is closely correlated with early
[12]
atherosclerosis in NAFLD patients . Although it
has been proposed that carotid-femoral pulse wave
velocity may be the gold standard during the noninvasive examination of arteriosclerosis, arterial
pulse wave velocity remains a well-recognized
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Figure 2 Relationship between the severity of non-alcoholic fatty liver
disease and the value of brachial-ankle pulse wave velocity. The subjects
were divided into four groups (0, 1, 2, and 3) based on the degree of fatty liver (0:
none; 1: mild; 2: moderate; and 3: severe). baPWV: Brachial-ankle pulse wave
velocity; NAFLD: Non-alcoholic fatty liver disease.

parameter for assessing vascular elasticity in the
early phases of atherosclerosis; it is also a method for
assessing arterial stiffness and reflecting the risk of
cardiovascular lesions. Together with advances in the
non-invasive detection of arteriosclerosis, monitoring
of arterial pulse wave velocity has been widely used to
screen individuals with early atherosclerotic vascular
[13]
disease and for assessing cardiovascular risks .
In the current study, we determined the rela
tionship between baPWV and NAFLD, and found that
baPWV was significantly increased in the NAFLD
group compared with the control group, suggesting
a close relationship between baPWV and NAFLD.
Logistic regression analysis showed that NAFLD
affected baPWV in both males and females in the
entire population. In addition, the incidence of high
baPWV gradually increased with exacerbation of
NAFLD, further indicating the clear relationship
between NAFLD and baPWV. Many studies have
shown that NAFLD is a marker of subclinical CVD,
and the pathogenesis of NAFLD may involve early
[14]
atherosclerotic cardiovascular disease , while
the role of NAFLD in promoting the development
of atherosclerosis remains unclear. The following
mechanisms may be involved: (1) patients with
NAFLD also have other metabolic risk factors, and the
number and degree of these factors are associated
with early atherosclerosis; (2) NAFLD promotes
systemic inflammation and oxidative stress, intensifies
insulin resistance, and triggers the occurrence of
atherosclerosis and coronary heart disease. Notably,
NAFLD can cause changes in vascular structure and
function. By affecting vascular endothelial function
and the hypercoagulation/hypofibrinolysis status,
NAFLD can cause endothelium-dependent flowmediated vasodilation as well as oxidative stress[15]
lipid peroxidation, thus leading to arteriosclerosis ;
and (3) NAFLD may lead to an increase in free fatty
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acids, mainly from visceral adipose tissues with
increased flow and may cause a significant increase
in the prevalence of cardiocerebrovascular diseases.
Therefore, NAFLD may be a marker of subclinical
cardiovascular disease at the early stages of athe
[16]
rosclerosis .
NAFLD has been documented to be a sign of MS in
the liver, and most NAFLD patients have cardiovascular
disease or cancer. Arteriosclerosis is the pathogenic
[17]
basis for most cardiocerebrovascular diseases .
The change in vascular elasticity is often earlier than
the change in vascular morphology. Among the
currently available non-invasive methods for detecting
arterial stiffness, baPWV can adequately reflect the
degree of change in systemic arterial elasticity. Thus,
by detecting vascular indicators such as baPWV,
assessments and interventions in populations at
different levels of risk can be carried out to lower the
incidence of early atherosclerosis and its associated
cardiocerebrovascular diseases, thus decreasing the
[18]
NAFLD mortality .
Several recent studies reported that NAFLD is
probably an independent risk factor for the occurrence
[19]
of cardiovascular disease . In the current study, we
found that no matter whether the metabolic index
increased, NAFLD affected baPWV. After adjustment
for metabolic components (the number of metabolism
risk factors assumed as dummy variable), NAFLD
still affected baPWV in males and females. These
findings suggest that NAFLD not only affects baPWV
independently, but also has a close relationship
with arteriosclerosis during an increase in the noncardiovascular metabolic risk factors. In addition,
our study further suggested that NAFLD does not
affect baPWV by relying solely on increased metabolic
risk factors. NAFLD may be a marker of increased
baPWV in early atherosclerosis. A possible mechanism
for this may involve hepatocytes, which are rich in
mitochondria, the major sites for synthesizing ATP and
reactive oxygen species (ROS) in cells. In patients with
fatty liver, mitochondria have significantly increased
respiratory activities and elevated ROS production,
causing oxidative stress and lipid peroxidation.
The presence of massive numbers of ROS and
lipid peroxides can result in an imbalance between
oxidation and antioxidation in the body, leading to
[20]
angiogenesis and endothelial dysfunction , and affect
[21]
the formation of arterial plaques . Another possible
mechanism is that NAFLD is related to oxidative stress
and procoagulation and can increase the circulating
levels of oxidized low-density lipoprotein, nitrotyrosine,
[22]
and plasminogen activator inhibitor-1 , thus leading
to early atherosclerosis. The increase in adipose
tissue and chronic inflammation cause an imbalance
in adipokine secretion, in particular a reduction of
[23]
adiponectin improving vascular damage .
We also found that the correlation between NAFLD
and baPWV was closer in females than in males,
particularly in individuals with normal metabolic risk
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Table 3 Relationship between non-alcoholic fatty liver disease and high brachial-ankle pulse wave velocity after stratification of
metabolic risk factors n (%)
Variable
MS
No
Yes
High BP
No
Yes
High WC
No
Yes
High FPG
No
Yes
High TG
No
Yes
Low HDL
No
Yes
High TC
No
Yes
High LDL
No
Yes
High UA
No
Yes

Males (n = 6662)

NAFLD

Females (n = 1941)

Subjects with high baPWV

OR (95%CI)

P value

Subjects with high baPWV

OR (95%CI)

P value

No
Yes
No
Yes

1033 (39.5)
1089 (58.2)
185 (66.5)
1259 (69.4)

Ref
1.280 (1.139-1.439)
Ref
1.142 (0.873-1.494)

< 0.001
0.331

296 (23.3)
139 (43.7)
76 (70.4)
173 (70.0)

Ref
2.550 (1.972-3.297)
Ref
0.984 (0.600-1.614)

< 0.001
0.950

No
Yes
No
Yes

698 (35.9)
990 (43.5)
520 (73.6)
1352 (78.8)

Ref
1.374 (1.214-1.556)
Ref
1.339 (1.093-1.641)

<0.001
0.005

185 (16.3)
139 (39.7)
187 (77.6)
173 (80.5)

Ref
3.383 (2.593-4.413)
Ref
1.189 (0.756-1.871)

< 0.001
0.453

No
Yes
No
Yes

947 (43.7)
886 (54.8)
271 (55.5)
1462 (61.2)

Ref
1.559 (1.369-1.775)
Ref
1.262 (1.036-1.536)

< 0.001
0.021

218 (20.5)
75 (47.5)
154 (48.2)
237 (58.2)

Ref
3.503 (2.478-4.950)

< 0.001

1.439 (1.070-1.936)

0.016

No
Yes
No
Yes

1019 (43.2)
1573 (53.4)
199 (67.9)
775 (73.0)

Ref
1.508 (1.352-1.681)
Ref
1.280 (0.967-1.694)

< 0.001
0.084

326 (25.1)
210 (48.4)
46 (60.5)
102 (77.9)

Ref
2.801 (2.234-3.512)
Ref
2.294 (1.237-4.255)

< 0.001
_
0.008

No
Yes
No
Yes

919 (44.2)
959 (54.1)
299 (52.0)
1389 (62.2)

Ref
1.486 (1.308-1.688)
Ref
1.517 (1.262-1.825)

< 0.001
< 0.001

315 (25.2)
199 (52.6)
57 (49.9)
113 (60.4)

Ref
3.296 (2.596-4.186)
Ref
1.875 (1.188-2.960)

< 0.001
0.007

No
Yes
No
Yes

933 (45.5)
1368 (59.2)
285 (45.9)
980 (57.8)

Ref
1.709 (1.515-1.927)
Ref
1.614 (1.341-1.941)

< 0.001
-

210 (25.4)
108 (50.7)
162 (29.6)
204 (58.0)

Ref
3.027 (2.218-4.131)
Ref
3.284 (2.482-4.346)

< 0.001
< 0.001

No
Yes
No
Yes

868 (45.1)
1373 (56.6)
350 (48.1)
975 (61.7)

Ref
1.588 (1.408-1.791)
Ref
1.736 (1.454-2.073)

< 0.001
< 0.001

245 (22.6)
190 (49.5)
127 (43.3)
122 (67.4)

Ref
3.350 (2.621-4.282)
Ref
2.703 (1.835-3.981)

< 0.001
_
< 0.001

No
Yes
No
Yes

867 (44.9)
1544 (58.9)
351 (48.5)
804 (58.0)

Ref
1.758 (1.561-1.979)
Ref
1.466 (1.223-1.756)

< 0.001
< 0.001

258 (22.7)
224 (53.6)
114 (47.3)
88 (59.9)

Ref
3.925 (3.096-4.975)
Ref
1.662 (1.097-2.518)

< 0.001
0.017

No
Yes
No
Yes

797 (45.6)
1544 (58.9)
239 (45.7)
857 (59.7)

Ref
1.725 (1.523-1.924)
Ref
1.543 (1.260-1.890)

< 0.001
< 0.001

384 (26.4)
260 (53.3)
24 (47.0)
52 (67.5)

Ref
3.202 (2.580-3.973)
Ref
2.340 (1.130-4.843)

< 0.001
0.022

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; WC: Waist circumference; TG: Triglycerides; HDL: High-density
lipoprotein; TC: Total cholesterol; LDL: Low-density lipoprotein; UA: Uric acid; baPWV: Brachial-ankle pulse wave velocity (high baPWV was defined as a
value equal to or higher than the median).

factors. This may be explained by the decreased
estrogen level in some post-menopausal women.
Estrogen produced by the ovaries can inhibit the
accumulation of visceral fats and increase the formation
[24]
of subcutaneous fats . Furthermore, the distribution
profiles of dietary fatty acids may also differ significantly
between males and females. The fatty acids in females
are more likely to be transformed into ketone bodies
and are involved in energy metabolism, and thus cause
[25]
fat deposition in the liver .
Our research had some limitations: (1) it was
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a cross-sectional analysis with subjects enrolled
following a health check-up. Although the baPWV
was adjusted for age and gender to reflect a natural
population, sampling bias may still exist; and (2) while
the baPWV used in our study is a good parameter for
measuring arterial stiffness, it is not the gold standard
for arteriosclerosis.
In summary, NAFLD is independently correlated
with baPWV, and NAFLD is closely associated with an
increased risk of cardiovascular diseases. Measurement
of baPWV in NAFLD populations can facilitate the early
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Table 4 Relationship between non-alcoholic fatty liver disease and brachial-ankle pulse wave velocity after adjustment for metabolic
components
Males (n = 6662)

Group
NAFLD0
NAFLD1
MC0
MC1
MC2
MC3
MC4
MC5
MC6 and above

Females (n = 1941)

n (%)

OR (95%CI)

P value

n (%)

OR (95%CI)

P value

2653 (39.8)
4009 (60.2)
787 (11.8)
955 (14.3)
1288 (19.3)
1282 (19.2)
1117 (16.8)
763 (11.5)
470 (7.10)

Ref
1.21 (1.09-1.33)
Ref
1.59 (1.29-1.97)
2.03 (1.66-2.48)
2.66 (2.16-3.27)
3.22 (2.60-3.99)
4.35 (3.42-5.52)
5.59 (4.23-7.38)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1376 (70.9)
565 (29.1)
451 (23.2)
511 (26.3)
368 (19.0)
272 (14.0)
187 (9.60)
106 (5.50)
46 (2.40)

Ref
1.40 (1.08-1.82)
Ref
3.38 (2.19-5.20)
5.04 (3.23-7.87)
7.40 (4.67-11.80)
9.84 (5.83-16.60)
11.87 (6.40-22.03)
20.26 (7.45-55.12)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NAFLD: Non-alcoholic fatty liver disease; MC: Metabolic components (the number of metabolism risk factors assumed as dummy variable).

prediction and assessment of vascular lesions. In
patients with NAFLD, clinicians should not only treat
the liver disease, but also comprehensively assess the
risk of ischemic cardiovascular diseases, which should
include the pathogenic effects of different risk factors
on the individuals and potential early atherosclerotic
disease caused by these risk factors. Such a com
prehensive assessment of the various risk factors in
NAFLD patients may help to identify the absolute risk
of ischemic cardiovascular diseases and thus provide
different interventions for populations at different
levels of risk to lower the morbidity and mortality
[26]
associated with NAFLD . Early monitoring of NAFLD
may benefit preventive strategies to help decrease
the risk of developing arteriosclerosis. In NAFLD
patients with a low risk of cardiovascular disease,
assessment and management of early arteriosclerosis
is still required. In addition, appropriate interventions
should be undertaken to lower cardiovascular risks and
reduce underlying cardiovascular diseases. However,
further prospective studies are needed to clarify the
mechanisms governing the change of baPWV in the
early stages of arteriosclerosis in NAFLD patients and
the subsequent progression of cardiovascular diseases.
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showed that NAFLD affected baPWV in both males and females in the entire
population. In addition, the incidence of high baPWV gradually increased
with exacerbation of NAFLD, further indicating the clear relationship between
NAFLD and baPWV.

Innovations and breakthroughs

This study found that no matter whether the metabolic index is increased or not,
NAFLD is closely related to baPWV, and NAFLD may be a useful indicator for
assessing early arteriosclerosis.

Applications

NAFLD can be used to predict early atherosclerosis. This will provide the basis
for the prevention and early treatment of atherosclerosis and cardiovascular
disease.

Terminology

NAFLD is a clinicopathologic syndrome with pathological changes in liver tissue
similar to alcoholic fatty liver disease.

Peer-review

It is important to study the correlation between non-alcoholic fatty liver disease
and brachial ankle pulse wave velocity.
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Abstract
AIM: To evaluate the reliability and accuracy of threedimensional (3D) reconstruction for liver resection in
patients with hepatic alveolar echinococcosis (HAE).
METHODS: One-hundred and six consecutive patients
with HAE underwent hepatectomy at our hospital
between May 2011 and January 2015. Fifty-nine
patients underwent preoperative 3D reconstruction
and “virtual” 3D liver resection before surgery (Group
A). Another 47 patients used conventional imaging
methods for preoperative assessment (Group B).
Outcomes of hepatectomy were compared between
the two groups.
RESULTS: There was no significant difference in
preoperative data between the two groups. Compared
with patients in Group B, those in Group A had a
significantly shorter operation time (227.1 ± 51.4
vs 304.6 ± 88.1 min; P < 0.05), less intraoperative
blood loss (308.1 ± 135.4 vs 458.1 ± 175.4 mL; P <
0.05), and lower requirement for intraoperative blood
transfusion (186.4 ± 169.6 vs 289.4 ± 199.2 mL; P
< 0.05). Estimated resection liver volumes in both

10200

September 21, 2015|Volume 21|Issue 35|

He YB et al . 3D reconstruction for hepatic alveolar echinococcosis

groups had good correlation with actual graft weight
(Group A: r = 0.978; Group B: r = 0.960). There was
a significant higher serum level of albumin in Group
A (26.3 ± 5.9 vs 22.6 ± 4.3 g/L, P < 0.05). Other
postoperative laboratory parameters (serum levels of
aminotransferase and bilirubin; prothrombin time) and
duration of postoperative hospital stay were similar.
Sixteen complications occurred in Group A and 19 in
Group B. All patients were followed for 3-46 (mean,
17.3) mo. There was no recurrence of lesions in Group
A, but two recurrences in Group B. There were three
deaths: two from cerebrovascular accident, and one
from car accident.
CONCLUSION: 3D reconstruction provides com
prehensive and precise anatomical information for
the liver. It also improves the chance of success and
reduces the risk of hepatectomy in HAE.
Key words: Liver resection; Hepatic alveolar echino
coccosis; Computed tomography; three-dimensional
reconstruction; Surgical planning
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With the rapid development of digital medicine,
three-dimensional (3D) reconstruction software has
become a new tool in surgery, and it is a quantitative
imaging analysis system that provides real-time
interactive tools for presurgical evaluation and plan
ning. We compared the clinical results of hepatec
tomy for hepatic alveolar echinococcosis based on
3D software with traditional assessment. We found
that liver resection based on 3D reconstruction was
more effective in the diagnosis and treatment of HAE
than techniques without 3D reconstruction. Such 3D
reconstruction software for preoperative evaluation
and surgical planning could increase the chance of
success of surgery and reduce operative risk.
He YB, Bai L, Aji T, Jiang Y, Zhao JM, Zhang JH, Shao
YM, Liu WY, Wen H. Application of 3D reconstruction for
surgical treatment of hepatic alveolar echinococcosis. World J
Gastroenterol 2015; 21(35): 10200-10207 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10200.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10200

INTRODUCTION
Human hepatic alveolar echinococcosis (HAE) is caused
[1]
by the larval stage of Echinococcus multilocularis .
HAE is among the most dangerous zoonoses and has
[2,3]
a high prevalence in rural areas of Western China .
HAE usually exhibits cancerous growth, and is referred
to as “parasitic liver cancer”. The progress of HAE is
slow (can be ≤ 10 years). Radical hepatic resection
at early and middle stages of the disease can result
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[4]

in satisfactory outcomes, but recurrence is high .
In the late stages of HAE, radical resection usually
cannot be undertaken due to serious violations of
the conduits inside and outside of the liver by the
[5]
lesion . The lesion can metastasize, in which case the
risk of mortality is high, leaving liver transplantation
[6]
or palliative drug treatment as the only options .
Therefore, accurate anatomical evaluation and precise
surgical management are crucial for HAE treatment.
In recent years, 3D reconstruction systems based
on data from conventional imaging have become
important tools for preoperative evaluation and
[7]
planning for liver surgeons . Several clinical studies
have shown that, for complex space-occupying hepatic
lesions, application of preoperative 3D reconstruction
technology can improve the success and feasibility of
procedures, and reduce the prevalence of procedure[8]
related complications .
In the present study, conventional computed
tomography or a 3D reconstruction planning system
was used for preoperative evaluation and surgical
planning in patients with HAE. By comparing outcomes
and preoperative assessment methods, the value of
3D reconstruction systems for the surgical treatment
of HAE was evaluated.

MATERIALS AND METHODS
Ethics

The study protocol was approved by the Ethics
Committee of the First Affiliated Hospital of Xinjiang
Medical University (Xinjiang, China). All patients were
informed of the risk and complications of surgery
and provided written informed consent. All surgical
procedures were carried out by the authors.

Patients

One-hundred and six consecutive patients with
HAE underwent hepatectomy at the First Affiliated
Hospital of Xinjiang Medical University between May
2011 and January 2015. Clinical manifestations
included varying degrees of upper-right abdominal
pain and jaundice. Metastases to distant organs were
not detected. Contraindications to surgery (e.g.,
abnormalities in cardiac or pulmonary functions) were
not identified. Among 106 patients, 59 underwent
liver resection based on 3D reconstruction (Group A)
and the remaining cases underwent hepatic resection
without 3D reconstruction (Group B). Each patient
decided whether to undergo treatment using 3D
reconstruction. Preoperative clinical data are listed in
Table 1.

2D imaging and data collection

Computed tomography (CT) images were obtained
using a 64-slice Spiral CT system (Light speed VCT;
GE Healthcare, Piscataway, NJ, United States).
Slice thickness was 1.25 mm. Non-enhanced and
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Table 1 Characteristics of patients with hepatic alveolar
echinococcosis in Group A and Group B
Variable
Age, yr, mean ± SD
Sex, male/female
Location of lesion, n (%)
Right lobe
Left lobe
Bilateral lobes
AST, U/L, mean ± SD
ALT, U/L, mean ± SD
ALB, g/L, mean ± SD
TBIL, mmol/L, mean ± SD
DBIL, mmol/L, mean ± SD
PT, s, mean ± SD

Group A
(n = 59)

Group B
(n = 47)

P value

41.4 ± 13.1
32/27

42.5 ± 13.2
24/23

0.968
0.448

34 (57.6)
12 (20.3)
13 (22.0)
37.6 ± 23.9
33.7 ± 30.6
41.5 ± 5.2
25.3 ± 13.6
14.2 ± 10.5
13.1 ± 2.1

30 (63.8)
9 (19.1)
8 (17.0)
40.2 ± 28.9
33.2 ± 29.4
40.5 ± 5.9
27.5 ± 18.9
12.2 ± 13.2
13.0 ± 2.6

0.327
0.350
0.347
0.362
0.545
0.573
0.182
0.325
0.655

Table 2 Invasion of lesions in patients with hepatic alveolar
echinococcosis in Group A and Group B n (%)
Vessels invaded

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALB:
Albumin; TBIL: Total bilirubin; DBIL: Direct bilirubin; PT: Prothrombin
time.

three-phase contrast-enhanced scans (arterial,
portal venous, and delayed phases) were taken. CT
angiography (CTA) reconstruction was carried out
after imaging. CT data of all patients were stored in
DICOM format. Liver volume of 47 patients in Group B
was measured using an image-processing workstation
(GE Healthcare), and reviewed by a radiologist and a
surgeon. Images of the portal venous phase with the
most pronounced liver parenchyma were selected.
Liver morphology was recorded for every four slices
from the superior aspect of the liver. Area of each slice
was measured, and resection planes designed by a
surgeon. Resection liver volumes were calculated using
the computing function of the workstation.

3D reconstruction and virtual surgery

30 (50.8)
9 (15.3)
20 (33.9)

26 (55.3)
8 (17.0)
13 (27.7)

0.397
0.505
0.317

22 (37.3)
5 (8.5)
6 (10.2)
17 (28.8)

19 (40.4)
8 (17.0)
7 (14.9)
13 (27.7)

0.448
0.249
0.329
0.536

31 (52.5)
11 (18.6)
17 (28.8)
13 (22.0)

22 (46.8)
11 (23.4)
14 (29.8)
9 (19.1)

0.348
0.358
0.541
0.453

HA: Hepatic artery; LHA: Left hepatic artery; RHA: Right hepatic artery;
HV: Hepatic vein; LHV: Left hepatic vein; RHV: Right hepatic vein; PV:
Portal vein; LPV: Left portal vein; RPV: Right portal vein; IVC: Inferior
vena cava.

and a surgeon.

Statistical analysis

Data were analyzed using SPSS version 19.0 (IBM,
2
Armonk, NY, United States). Student’s t-test, χ test
and Fisher’s exact test were used to compare data
from patients in Groups A and B before, during and
after surgery. Correlation between remaining liver
volumes estimated preoperatively and those measured
after surgery were analyzed by Pearson’s correlation
test. P < 0.05 was considered significant.

RESULTS

CT data in DICOM format for all 59 patients of Group A
were imported into 3D reconstruction software (IQQALiver; EDDA Technology, Princeton, NJ, United States).
This software recognizes the liver and reconstructs the
spatial structure of blood vessels automatically, and
that information is compared with the 2D CT image by
image fusion. The small number of differences between
the two reconstructed structures was reconciled
manually. After reconstruction, data were saved as still
images or dynamic screens. Real-time data (including
cross-sectional diameters of each blood vessel in all
patients) were determined by measurement tools in
IQQA-Liver. Positional relationships between lesions
and the hepatic vein, portal vein, and bile duct were
defined. Involvement of the first and second hepatic
portals, as well as the retrohepatic inferior vena cava,
was analyzed. Virtual surgery was carried out on the
reconstructed 3D model. Resection and remaining
liver volumes were calculated in real-time to evaluate
the feasibility of the proposed surgical strategy. The
treatment plan was finalized after optimization of
individualized virtual surgery. Work was completed in
coordination with a technologist specializing in 2D CT
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Group A (n = 59) Group B (n = 47) P value

HA
RHA
LHA
LHA and RHA
HV
RHV
LHV
RHV and MHV
LHV and MHV
PV
RPV
LPV
LPV and RPV
IVC

3D reconstruction and anatomical analysis

All 106 patients were confirmed to have HAE by CT
(Figure 1A). 3D reconstruction of the liver clearly
illustrated the positional relationship between the liver,
lesions, and hepatic blood vessels in Group A (Figure
1B). Lesion area needed to be defined manually due
to blurred edges in seven of 59 cases. Individualized
reconstruction and preoperative evaluation were
completed automatically by IQQA-Liver in the
remaining cases.
Images (2D and 3D) were compared using the
verification tools of the software, which revealed that
the anatomical relationship among lesions and hepatic
blood vessels in 3D reconstruction was consistent with
that of the 2D images (Figure 1C). As displayed in the
3D reconstruction image, for the 59 patients in Group
A, the first and second hepatic portals were invaded in
different degrees. The inferior vena cava of 13 patients
was surrounded (≤ 180°) by liver lesions (Figure
1D). Vessel invasion is shown in Table 2. The liver was
divided into several hepatic parenchymal regions or
sub-regions perfused by major blood vessels (including
the hepatic and portal veins) to illustrate the spatial
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A

B

C

D

1
3

4
2

5

Figure 1 3D reconstruction and anatomical analysis. A: Diagnosis of giant hepatic alveolar echinococcosis (HAE) by computed tomography; B: 3D reconstruction
model of a liver showing the lesion (red arrow) and normal liver (black arrow); C: Real-time correction between the 3D model and 2D image; D: 3D reconstruction
model of a liver showing the lesion as well as intrahepatic biliary and vascular networks. 1: Lesion; 2: Right kidney; 3: Hepatic vein (deep blue); 4: Portal vein (light
blue); 5: Abdominal aorta (red).

morphology of each segment of the liver.

Results of virtual surgery

Individualized virtual surgery of the liver was designed
based on the reconstructed 3D model for radical
resection of the lesion and maximal retention of normal
liver tissue. Remnant liver volume was calculated
(Figure 2A). The diameter of blood vessels in the
section was measured (Figure 2B). A surgical plan
was finalized after optimization of resection planes.
Estimated liver resection volume in both groups had
good correlation with actual graft weight (Group A: r =
0.978; Group B: r = 0.960). All 106 patients in Groups
A and B were expected to undergo hepatic resection.

Intraoperative results

Intraoperative exploration and rapid-freezing results
were used to diagnose HAE definitively in all 106
patients, with partial hepatectomy carried out
according to the preoperative surgical management
plan (Figure 2C). Surgical procedures of all 59 patients
in Group A were consistent with their preoperative
3D reconstruction virtual surgery (Figure 2D). Among
the 47 cases in Group B, the surgical procedures
of four patients were changed due to inconsistency
between exploration results and preoperative imaging
evaluations. Surgical procedures are shown in Table
3. Patients in both groups were treated using identical
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liver transection technology. The operation time of
Group A was significantly shorter than that of Group
B (227.1 ± 51.4 min vs 304.6 ± 88.1 min, P < 0.05).
Group A patients demonstrated less intraoperative
bleeding (308.1 ± 135.4 vs 458.1 ± 175.4 mL, P <
0.05) and intraoperative blood transfusion (186.4 ±
169.6 vs 289.4 ± 199.2 mL, P < 0.05).

Postoperative and follow-up results

Routine postoperative fasting and restraint from
drinking water were carried out in all patients. Liquid
or semi-liquid diets were allowed after recovery of
gastrointestinal function. Patients in both groups
were given identical intravenous therapy of liverpreserving and nutritional support. Laboratory indices
of patients on 3 d after surgery are listed in Table 4;
no significant differences were found between the two
groups except for significantly higher levels of albumin
in Group A (26.3 ± 5.9 g/L vs 22.6 ± 4.3 g/L, P <
0.05). No deaths were reported in the perioperative
period. Also, no serious complications (e.g., liver
failure, and abdominal bleeding) were observed. Other
complications included: biliary fistula in three patients
(1 in Group A, 2 in Group B); wound infection in nine (4
in Group A, 5 in Group B); ascites in eight (3 in Group A,
5 in Group B); pleural effusion in nine (4 in Group A, 5
in Group B); pulmonary infection in five (2 in Group A,
3 in Group B); and urinary tract infection in one patient
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A

B

3

1090 cm

C

D

Figure 2 liver. A: 3D model of a liver showing virtual surgery and the remnant liver (red arrow); B: Remnant liver volume calculated in virtual surgery (1090 cm3); C:
Actual surgery showing the lesion (the lesion and normal liver are marked by a white and a black arrow, respectively); D: Remnant liver in actual surgery (1145 g).

Table 3 Surgical procedures for patients with hepatic alveolar
echinococcosis in Group A and Group B n (%)

Table 4 Postoperative laboratory features
Variable

Surgical procedure
Major hepatectomy
Bisegmentectomy
Limited resection
Combined with cholecystectomy
Combined with
choledochojejunostomy

Group A
(n = 59)

Group B
(n = 47)

P value

31 (52.5)
6 (10.2)
12 (20.3)
36 (61.0)
9 (15.3)

28 (59.6)
7 (14.9)
11 (23.4)
30 (63.8)
5 (10.6)

0.299
0.329
0.441
0.463
0.345

AST, U/L, mean ± SD
ALT, U/L, mean ± SD
ALB, g/L, mean ± SD
TBIL, mmol/L, mean ± SD
DBIL, mmol/L, mean ± SD
PT, s, mean ± SD

in Group A. The postoperative complications are listed
in Table 5. There was no significant difference in the
duration of postoperative hospital stay between the
two groups (12.8 ± 3.0 d vs 12.0 ± 2.8 d, P > 0.05).
All patients were followed for 3-46 (mean, 17.3) mo.
There were three deaths: two from cerebrovascular
accident, and one from a car accident. Two patients
were diagnosed with recurrent lesions by ultrasound
and CT in Group B, one of whom was treated with
a second surgical procedure and discharged after
rehabilitation. One patient refused surgery, and was
treated with drugs instead.

DISCUSSION
Until now, preoperative diagnosis and assessment
of HAE have been reliant mainly on ultrasound, CT,
and magnetic resonance imaging (MRI). Ultrasound
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Group A
(n = 59)

Group B
(n = 47)

P value

141.6 ± 71.9
107.2 ± 55.9
26.3 ± 5.9
74.7 ± 35.3
42.3 ± 20.0
14.4 ± 2.2

151.9 ± 75.1
119.5 ± 70.0
22.6 ± 4.3
88.2 ± 36.5
50.2 ± 25.0
14.9 ± 2.4

0.668
0.164
0.033
0.833
0.306
0.267

examination usually provides a preliminary diagnosis
and approximate evaluation of lesion position. Further
diagnosis and evaluation of invasion of conduits inside
and outside the liver by lesions often require CT and
MRI coupled with post-processing methods of the
image (e.g., CTA). These examinations are limited to
2D display, which requires surgeons to reconstruct 3D
spatial images based on their clinical experience and
[9,10]
knowledge of liver anatomy
. Eventually, surgical
management is based on the severity of lesions.
Computer-aided 3D reconstruction of the liver
was applied first for planning of liver resection by
[11,12]
Oldhafer et al
in 1999. Until now, the technology
has been used widely in the diagnosis of liver disease
[13-15]
and planning of liver surgery
. For the latter, the
strategy involves: surgical assessment of benign/
malignant liver tumors; assessment of the safety of
living-donor liver transplantation; and evaluation of the
[16-19]
anatomical complexity of hepatolithiasis
. We used
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Table 5 Clinical outcomes and postoperative complications of patients with hepatic alveolar echinococcosis in Group A and Group
B n (%)
Variable

Group A (n = 59)

Group B (n = 47)

P value

227.1 ± 51.4
308.1 ± 135.4
186.4 ± 169.6
12.8 ± 3.0
0
0
0
1 (1.7)
4 (6.8)
3 (5.1)
4 (6.8)
2 (3.4)
1 (1.7)
15 (25.4)

304.6 ± 88.1
458.1 ± 175.4
289.4 ± 199.2
12.0 ± 2.8
0
0
0
2 (4.3)
5 (10.6)
5 (10.6)
5 (10.6)
3 (6.4)
0 (0)
19 (40.4)

0.007
0.028
0.040
0.519

Operating time, min, mean ± SD
Intraoperative blood loss, mL, mean ± SD
Intraoperative blood transfusion, mL, mean ± SD
Postoperative hospital stay
Perioperative mortality
Liver failure
Abdominal bleeding
Biliary fistula
Wound infection
Ascites
Pleural effusion
Pulmonary infection
Urinary system infection
Total complications

3D reconstruction technology for the preoperative
assessment of HAE, and compared it with evaluation
using conventional 2D imaging.
Based on the detailed anatomical assessment of
106 cases of HAE, three main disease characteristics
were noted. First, most lesions were located in the
right lobe of the liver, which can even involve part of
the left medial lobe and caudate lobe. Second, the
first and second hepatic portal hepatic vein systems
often demonstrated different degrees of invasion
(coupled with cavernous transformation of the portal
vein in some cases). Third, lesions could oppress
the retrohepatic inferior vena cava, even wrapping
or infringing it when disease was pronounced.
Growth characteristics of HAE elicited considerable
challenges for radical hepatic resection. Hence, precise
preoperative assessment of the lesion and anatomical
relationship among different conduits in the liver, as
well as selection of the best therapeutic regimen, is
crucial.
In our study, the operation time of Group A
was obviously shorter than that of Group B, with
corresponding reductions in the volume of blood
transfusion and intraoperative bleeding volume
during surgery. This scenario was probably the result
of better knowledge of the lesions and anatomical
conditions of hepatic vessels, with the aid of 3D
reconstruction. Such knowledge reduced the occu
rrence of unpredictable intraoperative conditions,
thereby making the surgical approach and resection
plane clearer. Simultaneously, more precise judgment
and recognition of hepatic conduits allowed a shorter
operation time, which was one of the reasons for the
reduced amount of intraoperative bleeding and blood
transfusion. Serum levels of albumin of patients in the
two groups were different, but the difference was not
significant. The rates of postoperative complications
and recurrence of lesions in Group A were lower than
those of Group B. These results suggested that 3D
reconstruction for preoperative evaluation helped
postoperative restoration of liver function, and reduced
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0.415
0.358
0.240
0.358
0.393
0.557
0.076

the incidence of postoperative complications and longterm recurrence.
We therefore believe that the 3D reconstruction
technique is superior to the conventional 2D imaging
method in the following aspects.
The 3D reconstruction system can provide an
individualized model for each patient with com
prehensive anatomical information of the liver. 3D
reconstruction of an HAE lesion and the liver enables
a more thorough understanding of the location and
size of the lesion, as well as the adjacent structures.
In addition, 3D reconstruction vividly reflects the
structural characteristics of the intrahepatic biliary and
vascular network, such as the positional relationship
among vessels and the diameters, which ensures an
accurate preoperative assessment and smooth surgical
[20,21]
procedure
.
The 3D reconstruction system is simple and
convenient to operate. Surgeons can rapidly obtain
liver anatomical information of a patient without
having to be proficient in the complicated operational
[22,23]
processes in 2D imaging
. Therefore, the 3D
reconstruction system enables higher efficiency in
preoperative assessment compared to conventional 2D
methods, and is more practical in clinical practice.
The 3D reconstruction system allows surgeons to
perform virtual surgery on the 3D model of a liver,
which maximizes the human-computer interaction in
[24,25]
the course of medical treatment
. The process is
helpful for surgeons to understand fully the specific
[26,27]
details about key parts
. The occurrence of
intraoperative incidents, such as biliary and vascular
injuries, bleeding, and bile leakage, can be effectively
prevented by designing different resection planes and
[28,29]
optimizing surgical strategies
.
Accurate anatomical evaluation and precise
surgical planning contribute to selection of the best
[30,31]
therapeutic methods for HAE
. We believe that, for
preoperative assessment of HAE patients, conventional
CTA should be used first, with further 3D assessment
conducted if surgery is possible. Further magnetic
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resonance cholangiopancreatography combined with
3D evaluation should be carried out in case of obvious
dilatation of the biliary tract, followed by virtual surgery
enabled by 3D technology, to evaluate the feasibility
and safety of the procedure. Such 3D reconstruction
for preoperative evaluation and surgical planning could
increase the chance of success of surgery and reduce
operative risk if combined with ultrasound, CT, or MRI.
Computer-aided surgical planning systems can be
useful for decision making, and are worthy of further
exploration.
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AIM: To investigate changes in oxidative stress in
Crohn’s disease (CD) before and after anti-tumor
necrosis factor (TNF)-α treatment.
METHODS: A total of 42 patients with active CD, who
were scheduled to be treated by anti-TNF-α antibodies,
were enrolled. Serum levels of diacron-reactive oxygen
metabolites (d-ROM), biological antioxidant potential
(BAP), and modified ratio of oxidative stress and
antioxidant capacity (m-OA) were measured using the
Free Radical Analytical System before and 8 wk after
induction of therapy with infliximab or adalimumab.
The values for oxidative stress were correlated with
disease activity and clinical response as determined by
the CD activity index (CDAI) at 8 and 54 wk after the
therapy.
RESULTS: Prior to treatment, d-ROM showed signi
ficant correlations with CDAI (r = 0.42, P < 0.01).
There was a significant negative correlation between
m-OA and CDAI before and after treatment (r =
-0.48 vs r = -0.42, P < 0.01). CDAI and d-ROM had
decreased significantly by 8 wk after treatment (CDAI;
223.3 ± 113.2 vs 158.3 ± 73.4, P < 0.01, d-ROM;
373 ± 133 vs 312 ± 101, P < 0.05). However, neither
BAP nor m-OA had changed significantly. In patients
who had responded to the treatment at 8 wk, d-ROM,
BAP, and m-OA levels before treatment did not differ
significantly between patients with and without loss of
response.
CONCLUSION: Anti-TNF-α therapy decreases oxi
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dative stress in patients with CD, but does not alter
the production of antioxidants. Dysregulation of antio
xidants may be associated with the disease.

Table 1 Clinical characteristics of patients n (%)

Sex
Male
Female
Age (yr), median
Disease duration (yr), median
Disease type
Ileal
Ileo-colonic
Colonic
Patients with concomitant medication
5-aminosalicylic acid
Prednisone
Azathioprine
Enteral nutrition
Previous segmental resection
Infliximab
Adalimumab

Key words: Crohn’s disease; Severity; Oxidative stress;
Anti-tumor necrosis factor-α antibody
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We measured serum markers of oxidative
stress (d-ROM) and antioxidant potential (BAP)
prior to and 8 wk after the initial administration of
infliximab or adalimumab in CD. As a consequence,
d-ROM decreased significantly after treatment.
However, BAP and the ratio of oxidative stress and
antioxidant potential remained unchanged. Anti-tumor
necrosis factor-α therapy decreases oxidative stress,
but does not alter the production of antioxidants.
Dysregulation of antioxidants may be associated with
CD.
Yamamoto K, Chiba T, Matsumoto T. Effect of tumor necrosis
factor-α antagonists on oxidative stress in patients with Crohn’
s disease. World J Gastroenterol 2015; 21(35): 10208-10214
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i35/10208.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i35.10208

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory
condition of the intestinal tract. While the etiology is
unknown, it is commonly thought that oxidative stress
underlies the persistence of a chronic inflammatory
[1]
process in the gut . Oxidative stress is generally
defined as an imbalance between pro-oxidant and
[2]
anti-oxidant systems . The oxidative stress consists
of reactive oxygen species (ROS) and reactive
nitrogen species (RNS). Excessive ROS attack target
molecules such as lipids, proteins, and nucleic acids,
and as a consequence can cause protein denaturation,
[1,3,4]
inactivation of enzymes, and modifications to DNA
.
Since CD is a disease characterized by neutrophil
infiltration in the intestinal wall, there is a large degree
[1,5]
of tissue damage because of the release of ROS .
To date, the influence of tumor necrosis factor
(TNF)-α, which is the most effective treatment
for CD, on oxidative stress, has not been much
[6]
[7]
investigated . In 1999, Cesarone et al described
a simple procedure for measuring oxidative stress
by means of quantification of serum diacronreactive oxygen metabolites (d-ROM). d-ROM is a
[8-11]
marker of hydroperoxide originating from ROS
.
Biological antioxidant potential (BAP) is an antioxidant
marker, which is representative of serum antioxidant
[12,13]
capacity
. d-ROM and BAP can be readily measured

WJG|www.wjgnet.com

All patients (n = 42)

Characteristics

30 (71)
12 (29)
31.9 (17-57)
6.2 (0-16)
11 (26)
26 (62)
5 (12)
41 (98)
9 (21)
7 (17)
24 (57)
8 (19)
10 (24)
32 (76)

by the Free Radical Analytical System 4 (FRAS4) (H&D
[13,14]
. Furthermore, a modified ratio
srl, Parma, Italy)
of oxidative stress to antioxidant capacity (m-OA),
calculated from d-ROM and BAP, is believed to indicate
the degree of resistance to oxidative stress.
In the present study, we measured d-ROM and BAP
in CD patients before and after induction of remission
by anti-TNF-α therapy to investigate whether oxidative
stress is associated with disease activity and efficacy
of anti-TNF-α antibodies. We also studied whether
oxidative stress is associated with the long-term
efficacy of the treatment.

MATERIALS AND METHODS
Patients

This was a pilot study of 42 patients with active CD,
who were scheduled to be treated with anti-TNF-α
antibodies. The demographics of the patients appear
in Table 1. There were 30 males and 12 females with
a mean age of 32 years. Eleven patients had ileal
disease, 26 had ileo-colonic disease, and 5 had colonic
disease. The duration of the disease ranged from 0 to
16 years with a mean of 6 years. Eight patients had a
prior history of intestinal resection. Ten patients were
treated with infliximab (IFX), while the remaining 32
patients were treated with adalimumab (ADA).

Treatment and follow-up

IFX was administered at a dose of 5 mg/kg intra
venously at 0, 2 and 6 wk as induction therapy.
Subsequently, IFX at a dose of 5 mg/kg every 8 wk
was administered as maintenance therapy. ADA was
administered subcutaneously at a dose of 160 mg
at wk 0 and 80 mg at wk 2, followed by scheduled
maintenance therapy at a dose of 40 mg every other
week. Treatment responses were determined by
physical examination and the CD activity index (CDAI)
before and 8 wk after the initial administration of anti-
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Table 2 Biochemical tests for C-reactive protein, albumin,
and white blood cell count
Biochemical tests
CRP (mg/dL)
Alb (g/dL)
WBC (per μL)

Before

8 wk

P value

2.4 ± 2.6
3.4 ± 0.75
7339 ± 2484

1.1 ± 1.6
3.7 ± 0.84
7278 ± 2532

< 0.01
NS
NS

CRP: C-reactive protein; WBC: White blood cell count; Alb: Albumin; NS:
Not significant.

TNF-α antibodies. Peripheral blood samples were also
collected before and 8 wk after starting treatment.
White blood cell count (WBC) and serum levels of
C-reactive protein (CRP) and albumin were measured.
CDAI was assessed at 8 wk and every 4 wk thereafter
up to 54 wk after initial administration of anti-TNF-α.

Patients were assessed for response to treatment as
defined by a decrease in the CDAI score of 70 points
or more from the baseline value, and at least a 25%
reduction in the total score after 8 wk of treatment. In
patients who showed a clinical response to induction
therapy, those who fulfilled any one of the following
criteria were regarded as having a loss of response
(LOR): (1) an increase in CDAI of at least 70 points
from the score at 8 wk, with a total score of at least
175; (2) an increase in CDAI of 35% or more from
the baseline value; or (3) the introduction of a new
[15]
treatment for active CD .

th

Data are expressed as mean ± SD, or as median (25 –
th
75 percentiles). Values were compared between
groups using the paired t-test or Student t-test, as
appropriate. Correlation coefficients were assessed by
linear regression analysis. P < 0.05 was considered to
be statistically significant.

Efficacy of anti-TNF-α antibody

After 8 wk, 32 (76%) of the patients showed a
response to treatment. At 54 wk, 22 patients (52%)
were in remission, while 6 patients (14%) had dropped
out, and 4 (15%) had shown LOR. CDAI decreased
significantly 8 wk after treatment initiation (223.3 ±
113.2 vs 158.3 ± 73.4, P < 0.01). Changes in serum
albumin, white blood cell count (WBC), and CRP are
shown in Table 2. CRP values decreased significantly,
while there was no statistically significant change in
serum albumin or WBC.

d-ROM, BAP and m-OA levels

Oxidative stress was measured as serum d-ROM,
BAP and m-OA. The stress was assessed before and
8 wk after the initial administration of anti-TNF-α.
Blood samples were stored on ice after collection, and
centrifuged to separate the serum. The serum was
then stored at -80 ℃ until analysis.
Immediately prior to measurement, the samples
were defrosted at room temperature and vortexed. To
measure d-ROM levels, the FRAS4 system was used.
For the measurement of d-ROM, 20 μL serum and 1
mL buffered solution (R2 reagent of the kit, pH 4.8)
were mixed in a cuvette, and then 10 μL chromogenic
substrate (R1 reagent) was added. After mixing and
centrifugation for 60 s, the cuvette was incubated
in a thermostatic block for 5 min at 37 ℃. Then, the
absorbance at 505 nm was recorded. Measurements
were expressed as Carr U. Reference values measured
by the manufacturer were indicated as being from 250
to 300 Carr U. Values greater than 300 Carr U suggest
[7-9]
oxidative stress .
To measure BAP levels, the BAP test was performed
using the same analyzer. In brief, 50 μL R2 reagent
(ferric chloride) was added to a cuvette containing R1
reagent (thiocyanate derivative). The absorbance was
measured and the reagent blank value subtracted.
Then, 10 μL serum sample was added to the cuvette.
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Statistical analysis

RESULTS

Assessment of disease activity

Measurement of oxidative stress

After incubation for 5 min at 37 ℃, the absorbance
at 505 nm was recorded. The BAP levels were
expressed as μmol/L. Reference values provided by
the manufacturer were greater than 2200 μmol/L.
Values lower than 2200 μmol/L suggest a reduction of
[8,12]
antioxidant capacity
. The modified ratio of oxidative
stress to antioxidant capacity (m-OA) was calculated
[16]
as BAP/d-ROM/7.541 .

Figure 1 illustrates changes in d-ROM, BAP, and m-OA
before and 8 wk after induction of therapy. After 8
wk, d-ROM had decreased significantly (373 ± 133
vs 312 ± 101, P < 0.05) (Figure 1A). The decrease
was statistically significant in each type of regional
involvement (ileal, ileocolonic, or colonic disease) (data
not shown). However, neither BAP nor m-OA changed
significantly after 8 wk (Figure 1B, 1C).

Correlations between oxidative markers and clinical
parameters

Table 3 shows the correlations between oxidative
markers and clinical parameters. Before treatment,
d-ROM showed statistically significant correlations
with CRP (r = 0.64) and CDAI (r = 0.42) (Figure
2A). The correlation between d-ROM and CRP was
significant even after induction therapy (r = 0.53).
d-ROM showed no significant correlation with the other
parameters either before or after treatment. We failed
to find any significant correlation of BAP with CRP,
CDAI, WBC, or serum albumin.
There were statistically significant negative
correlations between m-OA and CDAI both before (r
= -0.48) and after (r = -0.42) treatment (Figure 2B,
2C). There were negative correlations between m-OA
and CRP before (r = -0.63) and after (r = -0.45)
treatment. Significant correlations were also observed
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A

P < 0.05

Table 3 Correlations between d-ROM, BAP, m-OA, CDAI,
serum CRP, WBC, and serum albumin in Crohn’s disease
patients treated with anti-TNF-α

700

(U.CARR)

600
500

Oxidative markers

400

d-ROM

300
200

Before

B

BAP

2900

< 0.01
0.03

Before
After

0.64
0.53

< 0.01
< 0.01

Before
After

0.12
0.03

0.47
0.84

Before
After

-0.33
-0.38

0.03
0.01

Before
After

-0.17
-0.18

0.28
0.24

Before
After

0.03
0.12

0.85
0.44

Before
After

-0.04
0.01

0.79
0.95

Before
After

0.24
0.14

0.13
0.38

Before
After

-0.48
-0.42

< 0.01
< 0.01

Before
After

-0.63
-0.45

< 0.01
< 0.01

Before
After

-0.20
-0.01

0.21
0.73

Before
After

0.45
0.47

< 0.01
< 0.01

CDAI

2700
2500
(μmol/L)

0.42
0.33

Alb

NS

CRP

2300
2100

WBC

1900
1700
Before

Alb

After

From 2084 ± 202 to 2081 ± 288
m-OA

C

CDAI

NS
CRP

1.8
1.6
1.4

WBC

1.2
1.0

Alb

0.8
0.6
0.4

Before
After

WBC

After

From 373 ± 133 to 312 ± 101

1500

P value

CRP

100
0

r

Clinical parameters
CDAI

Before

After

From 0.84 ± 0.31 to 0.97 ± 0.31

Figure 1 Changes in oxidative stress markers before and 8 wk after
starting anti-TNF-α treatment in patients with Crohn’s disease. A: d-ROM
decreased significantly 8 wk after treatment; B: BAP did not change significantly
after anti-TNF-α treatment; C: m-OA did not change significantly after antiTNF-α treatment.

between d-ROM and CRP. Furthermore, we found a
positive correlation between m-OA and serum albumin
before (r = 0.45) and after (r = 0.47) treatment.

Correlation between efficacy of anti-TNF-α and oxidative
stress

We then compared d-ROM, BAP, and m-OA bet
ween responders and non-responders after 8 wk
of treatment. d-ROM, BAP, and m-OA were not
significantly different between the 2 groups of patients
either before or after treatment. When we compared
d-ROM, BAP, and m-OA before and after the therapy
between patients with and without LOR, we found
no significant differences, suggesting that these
parameters of oxidative stress are not predictive of

WJG|www.wjgnet.com

TNF: Tumor necrosis factor; m-OA: Modified ratio of oxidative stress
and antioxidant capacity; BAP: Biological antioxidant potential; d-ROM:
Diacron-reactive oxygen metabolite; CDAI: Crohn’s disease activity index.

LOR.

DISCUSSION
Increases in oxidative stress have been demonstrated
in the serum and intestinal mucosa of patients with
[17-20]
[21]
CD
. More recently, Kupčova et al
described
a reduction of oxidative stress in patients with CD
after administration of anti-TNF-α antibody. In the
present investigation, we found that serum oxidative
stress decreased in patients with CD after antiTNF-α treatment. We also showed that the ratio of
antioxidant activity vs oxidative stress calculated as
m-OA was negatively associated with the activity of
CD even after anti-TNF-α treatment. These findings
strongly suggest that a decrease in antioxidant activity
is characteristic of CD, and that m-OA may be one of
the specific biomarkers for patients with the condition.
d-ROM and BAP levels have been used to assess
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A

400

CDAI

CDAI

500

400
300

300

200

200

100

100
0

100

200

300

400

500

600

d-ROM

P < 0.01

600

500

0

r = -0.48

700

P < 0.01

600

C

B

r = 0.42

700

0

700
800
(U.CARR)

0

0.5

1

1.5

2

m-OA

r = -0.42

350

P < 0.01

300

CDAI

250
200
150
100
50
0

0

0.5

1

1.5

2

m-OA

Figure 2 Correlation of d-ROM and m-OA with Crohn’s disease activity index. A: d-ROM showed a significant correlation with CDAI before anti-TNF-α treatment
(r = 0.42, P < 0.01); B, C: m-OA showed significant correlations with CDAI both before (B) and after (C) the induction of therapy.

oxidative status, and their significance as clinical
markers has been described in several fields. The
2 parameters have been studied in particular in
cardiovascular disease, central nervous system
disease, and lifestyle-related illnesses, and it has been
shown that increases in reactive oxygen metabolites
are associated with an increased risk of vascular
[22-26]
[22]
endothelial damage
. Furthermore, Sugiura et al
measured serum d-ROM levels in patients at high risk
of cardiovascular disease and found that the d-ROM
level coupled with serum high-sensitivity CRP was
predictive of cardiovascular events. In our patients
with CD, we found that d-ROM, serum CRP, and CDAI
decreased significantly during induction therapy.
Although we have not presented the data, there
was no difference in the decrease in d-ROM between
patients treated with IFX and those with ADA. Thus it
seems likely that anti-TNF-α therapy suppresses the
production of oxidative stress, thereby resulting in
clinical benefit. In consideration of the biologic activity
of anti-TNF-α, a decrease in the activity of circulating
neutrophils seems to have made an important
contribution to the decrease in oxidative stress mea
sured as d-ROM.
Unlike d-ROM, we failed to show any changes in
BAP, which represents antioxidant capacity, in our
patients with CD even after anti-TNF-α treatment.
While we did not include healthy controls in this
investigation, the values of BAP in our patients were
generally low, with more than half of the patients
having values less than 2200 μmol/L. In previous

WJG|www.wjgnet.com

studies, a reduction in serum antioxidant capacity
was found in patients with inflammatory bowel
[17,27,28]
disease (IBD)
. On the other hand, evidence for
enhancement of antioxidant capacity was also found
[19]
in biopsy specimens from IBD patients . However,
since the latter investigation included both patients
with ulcerative colitis and with CD, it is uncertain
that the antioxidant capacity was actually increased
in CD. From our present results, it seems likely that
the impairment of antioxidant capacity is specific
to CD. This may be a consequence of a genetically
determined disturbance in autophagy, which does not
[29]
seem to be increased by any therapeutic strategy .
Normally, cells handle oxidative stress by mecha
nisms that include the production of antioxidant
agents. These compounds have a limited capacity
to buffer against an increase in oxidative stress and
prevent its toxic consequences. There are several
naturally occurring antioxidant defenses in the human
intestine that serve to protect cell membranes from
lipid peroxidation, protein oxidation, and enzyme
[18]
inactivation . In this regard, m-OA has been
considered to be a candidate serum marker for the
balance between oxidative stress and antioxidant
capacity. In the present investigation, m-OA showed
the strongest and negative correlations with CDAI and
CRP. Furthermore, the correlations were significant even
after induction of anti-TNF-α antibody treatment. These
observations strongly suggest that m-OA is a marker
of persistent chronic inflammation of the intestine, and
may be one of the surrogate biomarkers for patients
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with CD. While we could not show any significant utility
of m-OA for predicting the short-term response to
anti-TNF-α treatment or LOR in our CD patients, the
potential role of the marker warrants further study.
There are some limitations to this study. First,
as we used frozen samples of serum, we may have
underestimated the concentrations of d-ROM, BAP,
and m-OA. Second, as we did not enroll healthy
controls, we could not determine the reference values
of the concentrations of the markers for oxidative
stress, especially BAP, in the Japanese population.
Third, since our investigation was a pilot study with
a relatively small number of patients, we could not
make strong conclusions regarding the roles of d-ROM,
BAP, and m-OA in the prediction of the response to
treatment or the long-term clinical course of CD. This
was especially the case for the lack of data regarding
serum concentrations of and serum antibodies to IFX
and ADA. Furthermore, we could not apply practical
intestinal damage, namely mucosal healing, as a
[30]
parameter of disease activity . These issues are
under investigation in another prospective study.
In conclusion, we have shown that anti-TNF-α
therapy decreases oxidative stress in patients with
CD without affecting the production of antioxidants.
In addition, m-OA, a marker for the balance between
oxidative stress and antioxidant capacity, showed
significant correlations with other parameters of
disease activity in CD. Therefore, we propose that
impairment of antioxidant activity may be associated
with intractability of CD.
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Abstract
AIM: To evaluate the changes of shear-wave velocity
(Vs) by acoustic radiation force impulse after treatment
in chronic hepatitis C.
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METHODS: Eighty-seven patients with chronic
hepatitis C were consecutively treated with com
binations of interferon (IFN) plus ribavirin (RBV). Vs
value (m/s) was measured with acoustic radiation force
impulse before treatment, at end of treatment (EOT),
1 year after EOT, and 2 years after EOT.
RESULTS: In patients with a sustained virological
response (SVR) (n = 41), Vs significantly decreased
at EOT [1.19 (1.07-1.37), P = 0.0004], 1 year after
EOT [1.10 (1.00-1.22), P = 0.0001], and 2 years
after EOT [1.05 (0.95-1.16), P < 0.0001] compared
with baseline [1.27 (1.11-1.49)]. In patients with a
relapse (n = 26), Vs did not significantly decrease
at EOT [1.23 (1.12-1.55)], 1 year after EOT [1.20
(1.12-1.80)], and 2 years after EOT [1.41 (1.08-2.01)]
compared with baseline [1.39 (1.15-1.57)]. In patients
with a nonvirological response (n = 20), Vs did not
significantly decrease at EOT [1.64 (1.43-2.06)], 1
year after EOT [1.66 (1.30-1.95)], and 2 years after
EOT [1.61 (1.36-2.37)] compared with baseline
[1.80 (1.54-2.01)]. Among genotype 1 patients,
baseline Vs was significantly lower in SVR patients
[1.28 (1.04-1.40)] than in non-SVR patients [1.56
(1.20-1.83)] (P = 0.0142).
CONCLUSION: Reduction of Vs values was shown in
SVR patients after IFN-plus-RBV therapy by acoustic
radiation force impulse.
Key words: Hepatitis C virus; Fibrosis; Interferon and
ribavirin; Liver stiffness; Shear-wave velocity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The estimation of the stage of liver fibrosis
is important for the prediction of hepatitis outcome,
response to treatment, and evaluation of treatment
outcomes in patients with chronic liver disease.
Methods for noninvasive assessment of liver fibrosis
have been developed. Shear-wave velocity (Vs)
measured by acoustic radiation force impulse (ARFI)
correlate with liver fibrosis stages in various liver
diseases. To evaluate Vs value changes measured
by ARFI after interferon (IFN) plus ribavirin (RBV) in
chronic hepatitis C patients. Reduction of Vs values
was shown in sustained virological response patients
after IFN-plus-RBV therapy by ARFI.
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection affects
[1]
approximately 170 million people worldwide . HCV
usually causes chronic infection, which can result in
chronic hepatitis, liver cirrhosis, and hepatocellular
[2,3]
carcinoma . Therefore, an estimation of the stage of
liver fibrosis is important for the prediction of hepatitis
outcome, response to treatment, and evaluation of
treatment outcomes in patients with chronic liver
[4]
disease .
The aim of the treatment for chronic hepatitis C
is the elimination of the virus. Several studies have
shown that sustained virological response (SVR) after
[5-8]
antiviral therapy can reduce fibrosis . In addition,
partial regression of liver fibrosis has also been
reported in patients with nonresponse and relapse to
antiviral therapy with pegylated interferon (peg-IFN)
[5,6]
and ribavirin (RBV) .
Methods of treatment using IFN have continued
[9]
to advance . Combination therapy of peg-IFN and
RBV with telaprevir, boceprevir, or simeprevir has
[10-12]
recently become available
. Furthermore, an IFNfree therapy with daclatasvir, asunaprevir, sofosbuvir,
ledipasvir, and paritaprevir/ritonavir/ombitasvir plus
[13-20]
dasabuvir has also become available
. Thus, it is
likely that IFN-based therapy will be replaced by IFNfree therapies. The reduction of fibrosis after IFN-free
therapies should be evaluated in the future.
To estimate the effect of antiviral therapy, the
evaluations of viral load and ALT levels are useful.
However, the evaluation of liver fibrosis is also
important. Liver biopsy is currently considered the gold
standard for assessing the stage of fibrosis in chronic
liver disease. However, it is an invasive procedure,
with rare but potentially life-threatening complications.
In addition, the accuracy of liver biopsy in assessing
fibrosis has limitations because of sampling errors and
[21-23]
interobserver variability
.
Methods for noninvasive assessment of liver fibrosis
[24-32]
have been developed. Liver stiffness (LS)
by
transient elastography (TE) with Fibroscan and shearwave velocity (Vs) measured by acoustic radiation
[33-37]
force impulse (ARFI)
correlate with liver fibrosis
stages in various liver diseases.
The aim of the present study was to evaluate the
usefulness of Vs values measured by ARFI for the
assessment of liver fibrosis regression after IFN-based
therapy.

MATERIALS AND METHODS
Ethical statement

This study was performed in strict accordance with the
ethical guidelines of the Declaration of Helsinki and
was approved by the ethics committee of Fujita Health
University. All study participants provided written
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Figure 1 changes of shear-wave velocity values after interferon plus ribavirin therapy. The shear-wave velocity (Vs) values in the figure were expressed as
overall medians. A: In SVR patients, Vs values were significantly lower at EOT [1.19 (1.07-1.36)] than at pretreatment [1.28 (1.11-1.51)] (P = 0.0004) in 39 patients in
whom Vs values were measured at both points. Vs values were significantly lower at 1 year after treatment [1.10 (1.00-1.23)] than at pretreatment [1.27 (1.11-1.46)]
(P = 0.0001) in 33 patients in whom Vs values were measured at both points. Vs values were significantly lower at 2 years after treatment [1.05 (0.96-1.16)] than
at pretreatment [1.25 (0.97-1.47)] (P < 0.0001) in 22 patients in whom Vs values were measured at both points. Vs values were significantly lower at 1 year after
treatment [1.07 (0.96-1.17)] than at EOT [1.20 (1.05-1.33)] (P = 0.0022) in 20 patients in whom Vs values were measured at both points; B: In patients who relapsed,
Vs values did not significantly differ among pretreatment, EOT, 1 year, and 2 years after treatment; C: In patients with NVR, Vs values were significantly higher at 1
year after treatment [1.72 (1.43-2.00)] than at EOT [1.56 (1.25-1.75)] (P = 0.0313) in 11 patients in whom Vs values were measured at both points. Vs values were
significantly higher at 2 years after treatment [1.58 (1.40-1.66)] than at EOT [1.37(1.23-1.57)] (P = 0.0469) in 7 patients in whom Vs was measured in both points.

response (NVR) where HCV RNA remained positive
throughout treatment.

informed consent.

Patients

Eighty-seven patients with chronic hepatitis C were
consecutively treated with combinations of IFNs and
RBV in Fujita Health University Hospital from October
2009 to February 2014 (Table 1).
Seventy patients were treated with peg-IFN-α2b
(1.5 mg/kg per week) and RBV (600-1000 mg/d),
9 patients with peg-IFN-α2a (180 mg/wk) and RBV
(600-1000 mg/d), and 8 patients with IFN-β (1-6 MU/d)
and RBV (600-1000 mg/d).
The planned treatment duration was 24, 48,
or 72 wk according to HCV genotype, viral load,
and response to treatment in the first 12 wk. The
responses to IFN therapy were categorized into three
types: SVR, where negativity of HCV RNA persisted
6 mo after the end of treatment (EOT); relapse,
where HCV RNA became negative during treatment
but relapsed to positive after EOT; and nonvirological
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Biological parameters

The biochemical, serological, and virological exam
inations were performed within 2 d of the Vs mea
surements: serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin, total
bilirubin, γ-glutamyl transpeptidase (γ-GTP), alkaline
phosphatase (ALP), hyaluronic acid, prothrombin
time, platelet count, aminotransferase-to-platelet ratio
index (APRI), and fibrosis-4 (FIB-4). APRI values were
calculated using the following formula: AST (/ULN)/
9
[38]
platelets (10 /L) × 100 . FIB-4 values were calculated
using the following formula: age (years) × AST (IU/L)/
9
1/2[39]
platelets (10 /L) × [ALT (IU/L)]
.

ARFI measurement

Vs measurement by ARFI was performed using a
Siemens ACUSON S2000 ultrasound system (Siemens
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Table 1 Characteristics of patients studied

Number of patients
Gender (female/male)
Age (yr)
Fibrosis stage (F0-2/F3,4)1
Inflammatory grade (A0,1/A2,3)1
Genotype (1/2)2

All

SVRs

Relapsers

NVRs

87
47/40
59 (50-66)
38/24

41
17/24
52 (44-63)2
23/43

26
20/6
63 (54-66)2
12/84

20
10/10
62 (51-67)
3/123,4

25/37
57/28

14/133
17/242,3,4

8/12
21/42,4

3/123
19/03,4

Platelet count (× 104/μL)
Prothrombin time (%)
Albumin (g/dL)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
g-GTP (IU/L)
ALP (U/L)
Hyaluronic acid (ng/mL)

14.2 (11.7-18.8)
97 (91-110)
4.2 (4.0-4.5)
0.8 (0.6-1.0)
45 (32-69)
51 (35-86)
37 (23-67)
261 (212-345)
80 (42-169)

15.7 (12.7-19.5)3
99 (91-111)
4.3 (4.2-4.6)3
0.7 (0.5-1.1)
40 (27-59)3
51 (30-75)
47 (23-83)
244 (208-267)3
47 (33-94)3

14.4 (11.4-17.9)
96 (91-110)
4.2 (3.9-4.5)
0.7 (0.6-1.0)
43 (32-59)
47 (33-94)
28 (21-43)4
287 (220-389)
86 (54-168)4

11.1 (9.1-15.7)3
97 (88-103)
4.2 (3.9-4.2)3
0.9 (0.7-1.0)
57 (46-88)3
58 (42-95)
44 (27-110)4
358 (223-422)3
163 (97-301)3,4

HCV RNA (logIU/mL)
APRI
FIB-4

6.3 (5.2-6.8)
0.91 (0.54-1.68)
2.57 (1.66-4.00)

5.7 (4.8-6.8)3
0.82 (0.40-1.16)3
2.04 (1.49-2.70)2,3

6.4 (5.8-6.7)
0.95 (0.57-1.58)
2.95 (2.14-4.49)2

6.7 (6.3-7.1)3
1.59 (0.85-2.84)3
4.52 (2.82-5.96)3

Vs (m/s)
Pretreatment

1.36 (1.16-1.72)

1.27 (1.11-1.49)3

1.39 (1.15-1.57)4

1.80 (1.54-2.01)3,4

End of treatment

1.27 (1.12-1.56)

1.19 (1.07-1.37)3

1.23 (1.12-1.55)4

1.64 (1.43-2.06)3,4

1 yr after treatment

1.20 (1.06-1.50)

1.10 (1.00-1.22)2,3

1.20 (1.12-1.80)2

1.66 (1.30-1.95)3

2 yr after treatment

1.17 (1.03-1.48)

1.05 (0.95-1.16)2,3

1.41 (1.08-2.01)2

1.61 (1.36-2.37)3

P value
N.S.
0.01252
< 0.00013
0.01544
0.03843
0.00042
< 0.00013
0.02814
0.01163
NS
0.01413
NS
0.01873
NS
0.02054
0.00343
0.00033
0.02764
0.01093
0.00833
0.01082
0.00013
0.00073
0.00364
< 0.00013
0.01244
0.01922
0.00133
0.00962
0.00043

1

Fibrosis stage, inflammatory grade and genotype performed by a chi square testing; 2Comparison between SVRs and Relapsers; 3Comparison between
SVRs and NVRs; 4Comparison between Relapsers and NVRs. Data are shown as median (interquartile range). AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; g-GTP: g-glutamyltranspeptidase; ALP: Alkaline Phosphatase; APRI: Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis-4;
NVR: Non-virological responders; SVR: Sustained virological responder.

Japan Co., Ltd., Tokyo, Japan) before treatment, at
EOT (within 6 mo after EOT), 1 year after EOT (7-18
mo after EOT) and 2 years after EOT (19-30 mo after
EOT).
The region in the liver to be examined for elastic
properties was targeted with a region-of-interest (ROI)
cursor while performing B-mode imaging. Tissue at
ROI was mechanically excited using acoustic push
pulses to generate localized tissue displacements. The
displacements resulted in the propagation of the shear
wave away from the region of excitation, which was
tracked using ultrasonic correlation-based methods.
The maximal displacement was estimated for multiple
ultrasound tracking beams laterally adjacent to the
single push-beam. By measuring the time to peak
displacement at each lateral location, the shear
wave propagation velocity was reconstructed. The
examination was performed on the right lobe of the
liver from the right intercostal space. A measurement
depth of 2-3 cm below the liver capsule was chosen.
Ten successful acquisitions at different locations were
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performed on each patient. The results are expressed
in meters/second (m/s), and the median value was
calculated. The shear wave propagation velocity was
considered to be proportional to the square root of
tissue elasticity.
The procedures were performed by two inves
tigators (NT and HS) who were blind to clinical,
serological and histological data. The correlation in Vs
measurement between two operators was satisfactory
(r = 0.934).

Statistical analysis

Patients were classified according to the responses to
IFN plus RBV therapy. Patients with genotype 1 were
also examined. The groups were compared by chisquared test and Mann-Whitney U-test. Data were
expressed as median and interquartile range.
In the follow-up phase of the study, the significance
of changes in Vs values between the pairs of 4 points
was evaluated by the Wilcoxon signed-rank test.
®
The statistical analysis was performed using JMP
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pretreatment [1.25 (0.97-1.47)] (P < 0.0001) in 22
patients for whom Vs values were measured at both
points. Vs values were significantly lower at 2 years
after treatment [1.07 (0.96-1.17)] than at EOT [1.20
(1.05-1.33)] (P = 0.0022) in 20 patients for whom Vs
values were measured at both points (Figure 1a).
In patients who relapsed, Vs values did not differ
significantly among pretreatment, EOT, 1 year, and 2
years after EOT (Figure 1b).
In 11 patients with NVR whose Vs values were
measured at both time points, Vs values were
significantly higher at 1 year after EOT [1.72
(1.43-2.00)] than at EOT [1.53 (1.28-1.75)] (P =
0.0313). Vs values were significantly higher at 2
years after EOT [1.58 (1.33-1.68)] than at EOT [1.37
(1.20-1.64)] (P = 0.0469) in 7 patients in whom Vs was
measured at both points (Figure 1c).

Table 2 Changes of deduced fibrosis stages by interferon plus
ribavirin therapy

2-point reduction
1-point reduction
No changes
1-point progression
Interval (yr)

SVRs

Relapsers

NVRs

(n = 13)

(n = 12)

(n = 16)

9 (69.2)
2 (15.4)
2 (15.4)
0
2.0 (1.0-2.5)

2 (16.7)
1 (8.3)
6 (50.0)
3 (25.0)
2.8 (1.7-3.1)

0
5 (31.3)
9 (56.2)
2 (12.5)
1.6 (0.7-2.4)

SVR: Sustained virological response; NVR: Nonvirological response.

software (SAS Institute, Cary, NC, United States).

RESULTS
Responses to IFN therapy

Forty one of 87 patients (47.1%) achieved SVR,
26 (29.9%) relapsed, and 20 (23.0%) had NVR
(Table 1). Age, genotype, and FIB-4 significantly
differed between patients with SVR and those who
relapsed (P = 0.0125, P = 0.0004, and P < 0.0108,
respectively).
Fibrosis stage, inflammatory grade, genotype,
platelet count, albumin, AST, ALP, hyaluronic acid, HCV
RNA, APRI, and FIB-4 significantly differed between
patients with SVR and those with NVR (P < 0.0001, P
= 0.0384, P < 0.0001, P = 0.0116, P = 0.0141, P =
0.0187, P = 0.0034, P = 0.0003, P = 0.0109, P = 0.0083
and P = 0.0001, respectively).
Fibrosis stage, genotype, γ-GTP, and hyaluronic acid
significantly differed between patients who relapsed
and those with NVR (P = 0.0154, P = 0.0281, P =
0.0205, and P = 0.0276, respectively).
Vs values at pretreatment were significantly higher
in patients with NVR than in those achieving SVR and
those who relapsed (P = 0.0007, and P = 0.0036,
respectively). Vs values at EOT were significantly
higher in patients with NVR than those who achieved
SVR and those who relapsed (P < 0.0001, and P
= 0.0124, respectively). Vs values at 1 year after
EOT were significantly lower in SVR patients than in
patients who relapsed and in those with NVR (P =
0.0192, and P = 0.0013, respectively). Vs values at
2 years after EOT were significantly lower in patients
achieving SVR than in patients who relapsed or had
NVR (P = 0.0096, and P = 0.0004, respectively).

Changes of Vs values

In 39 patients achieving SVR whose Vs values were
measured at both points, Vs values were significantly
lower at EOT [1.19 (1.07-1.36)] than at pretreatment
[1.28 (1.11-1.51)] (P = 0.0004). Vs values were
significantly lower at 1 year after treatment [1.10
(1.00-1.23)] than at pretreatment [1.27 (1.11-1.46)]
(P = 0.0001) in 33 patients in whom Vs values were
measured at both points. Vs values were significantly
lower at 2 years after EOT [1.05 (0.96-1.16)] than at
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Changes of fibrosis stages deduced from Vs according
to cut-off values for fibrosis stages

Fibrosis stages were deduced from Vs values according
[40]
to cut-off values for fibrosis stages . The cut-off value
was 1.28 m/s for F2, 1.44 m/s for F3, and 1.73 m/s
for F4. The deduced fibrosis stages of the first and the
last measurements were compared among patients
with the deduced fibrosis stage F3 or F4 at the first
measurement (Table 2). Thirteen of 41 (31.7%) SVR
patients had deduced stage F3 or F4 at pretreatment.
Nine of 13 patients (69.2%) had two point reduction
of deduced fibrosis stage at the last measurement
during the median observation period of 2 years. Two
patients (15.4%) had 1-point reduction. In patients
who relapsed, 12 of 26 patients (46.2%) had deduced
stage F3 or F4 at pretreatment. Two patients (16.7%)
had 1-point reduction of deduced stage during the
median observation period of 2.8 years. One patient
(8.3%) had 1-point reduction. Three patients (25.0%)
had 1-point progression of deduced stage. In patients
with NVRs, 16 of 20 (80.0%) patients had deduced
stage F3 or F4 at pretreatment. Five of 16 patients
(31.3%) had 1-point reduction of deduced stage
during the median observation period of 1.6 years.
Two patients (12.5%) had 1-point progression of
deduced stage.

Factors correlating with the response to IFN plus RBV
therapy among patients with genotype 1

Fifty seven patients (23 men, 34 women, median age
59 years; age range 50-66 years) had HCV genotype 1
(Table 3). Seventeen of 57 patients (29.8%) obtained
SVR, 40 (70.2%) had non-SVR (21 patients relapsed
and 19 patients had NVRs).
Age, fibrosis stage, ALP, hyaluronic acid, FIB-4,
and Vs values were significantly lower in patients who
achieved SVR compared with patients with non-SVR
(P = 0.0016, P < 0.0001, P = 0.0053, P = 0.0076, P
= 0.0014, and P = 0.0142, respectively). Albumin was
significantly higher in patients with SVR than in those

10219

September 21, 2015|Volume 21|Issue 35|

Osakabe K et al . HCV therapy reduces shear-wave velocity
Table 3 Characteristics of genotype1 patients studied
All
Number of patients
Gender (female/male)
Age (yr)
Fibrosis stage (F0-F2 /F3,4)1
Inflammatory grade (A0,1/A2,3)1
Platelet count (× 104/μL)
Prothrombin time (%)
Albumin (g/dL)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
g-GTP (IU/L)
ALP (U/L)
Hyaluronic acid (ng/mL)
HCV RNA (logIU/mL)
APRI
FIB-4
Vs (m/s); Before treatment

SVRs

57
34/23
59 (50-66)
25/17
16/26
14.0 (10.7-18.3)
99 (91-111)
4.2 (4.0-4.5)
0.8 (0.6-1.0)
47 (32-71)
50 (35-90)
33 (22-51)
267 (212-379)
95 (46-173)
6.4 (5.8-7.0)
0.91 (0.56-1.69)
2.69 (1.64-4.46)
1.44 (1.17-1.75)

17
7/10
51 (41-58)
12/0
6/6
15.4 (13.0-19.5)
102 (91-110)
4.4 (4.2-4.6)
0.8 (0.5-1.1)
38 (28-63)
50 (30-92)
37 (15-66)
246 (187-262)
51 (21-98)
6.0 (5.2-7.1)
0.80 (0.45-1.09)
1.66 (1.26-2.53)
1.28 (1.04-1.40)

Relapsers and NVRs
40
25/15
62 (54-67)
13/17
10/20
13.2 (9.4-17.4)
98 (92-112)
4.2 (4.0-4.4)
0.8 (0.6-1.0)
48 (35-77)
52 (36-91)
30 (23-50)
314 (215-416)
114 (68-180)
6.4 (6.1-6.9)
1.05 (0.63-1.73)
3.34 (2.23-4.63)
1.56 (1.20-1.83)

P value
NS
0.0016
< 0.0001
NS
NS
NS
0.0496
NS
NS
NS
NS
0.0053
0.0076
NS
NS
0.0014
0.0142

1

Fibrosis stage and Inflammatory grade performed by a χ 2 testing. Comparison between SVRs and non-SVRs (Relapser/NVRs). Data are shown as median
(interquartile range). AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; g-GTP: g-glutamyltranspeptidase; ALP: Alkaline Phosphatase;
APRI: Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis-4; NVR: Non-virological responders; SVR: Sustained virological responder.

Table 4 Logistic regression analysis for predictive factors in
interferon plus ribavirin therapy for genotype1 patients

Age (yr)
ALP (U/L)
Vs (m/s)

β

Standard error

P value

95%CI

-0.347
-0.196
-0.196

0.006
0.001
0.162

0.008
NS
NS

-0.0271-(-0.0043)
-0.0021-(-0.0003)
-0.5773-(-0.0721)

Vs: Velocity of shear wave; ALP: Alkaline phosphatase.

with non-SVR (P = 0.0496).
In multivariate analysis, age (P = 0.0077) was
found to be associated with SVR of IFN plus RBV
therapy (Table 4).

DISCUSSION
The present study examined the usefulness of Vs
values measured by ARFI for the assessment of liver
fibrosis change after IFN-plus-RBV therapy. It was
demonstrated that Vs values were significantly reduced
at EOT and 1 year after EOT in SVR patients compared
with pretreatment values, and that Vs values were
significantly reduced 2 years after EOT compared with
pretreatment values and the values at EOT in patients
who achieved SVR. Thus far, several studies with
paired pre- and post-IFN therapy biopsies reported
decreased fibrosis in 29% (mean times between
[41]
[42]
biopsies, 1.6 years) , 44% (2.5 years) , 59% (3.7
[43]
[7]
years)
or 82% (5.2 years) of patients with SVR.
[7]
George et al reported that 67% of patients with
SVR and pretreatment cirrhosis or advanced fibrosis
had a 2-point or greater decrease in the fibrosis score
in 5.2 years. In the present study, 9 of 13 patients
(69.2%) had a 2-point reduction of deduced fibrosis
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stage in a period of 2 years. Two of 13 patients
(15.4%) had a 1-point reduction. Our previous study
using TE demonstrated that 78% of SVR patients with
pretreatment-deduced fibrosis stage F3 or F4 had a
2-point or greater decrease in deduced fibrosis stage in
[44]
a period of 2.1 years . The occurrence rates and the
degree of fibrosis reduction after IFN-based treatment
in the present study with ARFI were comparable with
our previous study with TE and were higher than the
reports based on liver biopsy. The reason for higher
occurrence rates and degree of fibrosis reduction
after IFN-based treatment with ARFI and TE may be
attributed to the higher sensitivity of ARFI and TE to
detect subtle reduction of fibrosis compared with liver
biopsy.
The reduction of Vs value observed in the present
study is probably the reflection of fibrosis regression.
Several studies with TE, another noninvasive method
for the assessment of liver fibrosis, have reported that
[45]
LS is affected by ALT levels. Fraquelli et al
reported
that, by TE, fibrosis staging is overestimated by
[46]
necroinflammatory activity and steatosis. Coco et al
found that LS is higher in patients with an elevated
ALT than in those with either spontaneous biochemical
remission or after antiviral therapy. Thus, it is probable
that ALT or inflammatory activity affects TE. Our
previous study demonstrated that Vs is not affected by
[47]
inflammatory activity. Rizzo et al reported that ARFI
was not associated with ALT, body mass index, Metavir
score, and liver steatosis, while TE was significantly
correlated with the ALT value by multivariate analysis.
[48]
Bota et al
reported that discordance of at least two
stages of fibrosis between ARFI results and histologic
assessments were associated: female sex (P = 0.004),
interquartile range interval (IQR) ≥ 30%, high ALT,
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and high AST in an univariate analysis, while in a
multivariate analysis, female sex and IQR of ≥ 30%
were associated with discordances. However, Yoon et
[49]
al
reported that the optimum cut-off values for Vs
measured by ARFI were 1.13 m/s for F2 or more and
1.98 m/s for F4; these decreased to 1.09 m/s for F2
or more and 1.81 m/s for F4 in patients with normal
ALT levels. Thus, the faster and conspicuous reduction
of Vs may be partially attributed to the reduction of
inflammatory activity. Further studies are necessary to
elucidate the correlation of reduction of Vs values with
histological changes after SVR.
Among patients who relapsed, there were no
significant changes in Vs value among the points of
ARFI measurement. In NVR patients, the Vs values did
not change from pretreatment to EOT, although they
increased from EOT to 1 year after EOT and 2 years
after EOT. These findings indicate that there was no
significant improvement of fibrosis in patients who
relapsed and that fibrosis progressed in NVR patients
after IFN-based therapy. The deduced fibrosis stages
progressed in 25% of patients who relapsed and in
12.5% of patients with NVR whose pretreatmentdeduced stages were F3 or F4. In the patients with
pretreatment-deduced stages of F0-2, the deduced
fibrosis stage increased one point or more in 28.6% of
patients who relapsed and 50% of those with NVR (data
not shown).
In our previous study using TE, LS significantly
reduced at EOT and at 1 year after EOT compared
with baseline among those who relapsed. This finding
may indicate that the inflammatory activity increases
LS values of TE. In the present study using ARFI, Vs
was not significantly reduced in patients who relapsed.
This may indicate that the inflammatory activity does
not affect Vs values of ARFI. Therefore, ARFI may be a
more appropriate method for the follow-up of fibrosis
regression after antiviral treatment compared with TE.
In patients with HCV genotypes 2 or 3, the
combination of peg-IFN and RBV is usually given
for 24 wk, achieving rates of SVR of approximately
75%-85%. In patients with HCV genotype 1, the
combination of peg-IFN and RBV is usually given for
[50,51]
48 weeks, resulting in SVR rates of 40%-50%
.
The fibrosis stage has been reported to be one of the
predictive factors for SVR in HCV genotype 1. In the
present study, baseline Vs was significantly lower in
patients achieving SVR than in those who relapsed
or had NVR. However, in multivariate analysis, age
was identified as the only risk factor associated with
SVR. In a previous study, older age was reported to
[52]
decrease the SVR rate of IFN plus RBV therapy .
In the present study, there was a reduction of Vs
values in patients who achieved SVR after IFN plus
RBV therapy. However, IFN-free therapy has become
the first-line therapy for chronic hepatitis C. In the
same fashion, there is an ongoing study to determine
the changes of Vs values during IFN-free therapy to
then evaluate the changes of fibrosis after IFN-free
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therapy in our hospital.
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Abstract
AIM: To determine the prevalence of infection
with hepatitis C virus (HCV) in those most at risk
of advanced liver disease and to identify gaps in
knowledge of HCV.
METHODS: Questionnaires were mailed to randomly
selected residents aged 40-59 to assess the extent of
their general knowledge about HCV. The questionnaire
assessed demographics, the extent of general
knowledge about viral hepatitis, potential risks for
infection and the prevalence of risk factors associated
with increased progression of liver fibrosis. Anonymised
residual laboratory blood samples from 40-59 years
old people from Dunedin taken in hospital or in the
community, were tested for HCV antibodies and
alanine transaminase (ALT), aspartate transaminase
(AST), gamma-glutamyl transpeptidase (GGT). Linear
regression was performed to examine whether the
demographics sex, age, socio-economic status, qua
lification level and occupation sector (categorical
variables) were predictors of level of general know
ledge about hepatitis. For the demographics that were
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found to be significant predictors of score outcome,
multiple regression analysis was used to determine
2
independent effects. χ tests were used to compare
our selected sample and our responder population
demographics, to the demographics of the entire
40-59 years old population in Dunedin using the 2006
NZ census data. Exact confidence intervals for the
proportion positive for HCV and HBV were calculated
using the binomial distribution.

Vermunt J, Fraser M, Herbison P, Wiles A, Schlup M, Schultz
M. Prevalence and knowledge of hepatitis C in a middle-aged
population, Dunedin, New Zealand. World J Gastroenterol 2015;
21(35): 10224-10233 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i35/10224.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i35.10224

RESULTS: The response rate to the mailed ques
tionnaire was 431/1400 (30.8%). On average 59.4%
questions were answered correctly. Predictors for
higher scores, indicating greater knowledge about
symptoms and transmission included sex (female, P
< 0.01), higher level of qualification (P < 0.000) and
occupation sector (P < 0.000). Sharing intravenous
drug utensils was a known risk factor for disease
transmission (94.4%), but the sharing of common
household items such as a toothbrush was not. 93%
of the population were unaware that HCV infection can
be asymptomatic. 25% did not know that treatment
was available in New Zealand and of those who did
know, only 40% assumed it was funded. Six hundred
and eighty-two residual anonymised blood samples
were tested for HCV antibodies, ALT, AST and GGT. The
prevalence for HCV was 4.01%, 95%CI: 2.6%-5.8%.
Liver function tests were not useful for identifying
likelyhood of HCV infection.

INTRODUCTION

CONCLUSION: Prevalence of HCV in our population is
high, and the majority have limited knowledge of HCV
and its treatment.
Key words: Hepatitis C; Prevalence; Knowledge; Treat
ment; Transmission; Infection; New Zealand; direct
acting antiviral agents
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It is projected that the public health burden
due to hepatitis C virus (HCV) will increase substantially
over the next 2 decades and that the mortality related
to HCV will triple by 2030. We thus require a marked
increase in the identification of patients infected with
HCV. Safe and successful treatment of those infected
is now imminently possible due to the advent of
direct acting antiviral agents (DAAs). The number of
diagnosed cases must increase substantially to allow
DAAs to become cost effective. Our study estimated
that 4.01% of asymptomatic 40-59 years old adults
living in Dunedin city are infected with HCV. Most
have limited knowledge of HCV and its treatment,
therefore if educational and health promotion efforts
are to produce maximum results for expenditure, they
should be designed and targeted at audiences with
lower education levels and low socio-economic status,
especially immigrants and unemployed persons.
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Hepatitis C is a major global health problem affecting
[1,2]
all countries, including New Zealand (NZ) . It is
estimated that approximately 80 million people world[3]
wide or 2% of the world population are viremic .
However, as most acute hepatitis C virus (HCV)
infections are asymptomatic data on the incidence of
[4]
new cases is difficult to obtain .
It is assumed that the epidemiology in NZ follows
that of Australia, where chronic HCV is a notifiable
disease. However the epidemiologic data on HCV in
NZ is poor because only acute infection is notifiable. A
significant mode of HCV transmission used to be blood
transfusion but this is now mainly non-contributory
since the introduction of routine screening of donated
blood in 1992. It is intravenous drug use that now
[5]
accounts for approximately 90% of incident cases .
A recent report estimated that the peak incidence
in New Zealand occurred during the 1980s and has
been declining since. However, despite the decline
approximately 1000 new cases still occur each year
leading to an estimated prevalence of approximately
50000-54000 infected individuals of which almost
[4,6,7]
2000 have cirrhosis
.
There is concern that less than half of those
infected have been diagnosed and less than 10%
have accessed treatment of whom only half have
[4]
had a sustained virological response (SVR) . There
are several reasons for this. Initial infection is often
asymptomatic and can progress insidiously without any
discernible symptoms. Approximately 75% of infected
individuals are unaware of the infection and of these,
approximately 70% to 85% will not clear the virus and
[8,9]
remain chronically infected . Of those chronically
infected a proportion will slowly progress to advanced
liver disease and remain largely asymptomatic until
[9]
liver cirrhosis and hepatocellular carcinoma develop .
Unfortunately, with current treatment regimes, SVR
is achieved in only about 50% of individuals, and is
[10]
complicated by clinically significant adverse events .
This scenario is likely to change with the advent of the
new direct acting antiviral agents (DAAs), which have
SVR rates approaching 95% across genotypes and a
[10]
negligible side effect profile .
Between 30-40 years can pass from the peak
incidence years of HCV infection until the peak
prevalence of cirrhosis and other complications. Based
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on peak incidence occurring in the early 1980s in New
Zealand it is projected that the public health burden
due to HCV will increase substantially over the next 2
decades and the HCV-related mortality to triple again
[1,11-13]
by 2030
. Already, most chronic infections have
[4]
been identified in the 40-60-year group . Davis et
[12]
al
found that patients older than 60 years of age
will be mostly affected, and that it is this patient group
that needs our urgent attention if we are to prevent
complications. Unfortunately, age is a significant factor
[14]
negatively associated with SVR following treatment .
These patients are not only at risk of developing
complications of the infection but they are also at risk
of transmitting the disease unknowingly. In order to
minimise transmission and to increase diagnosis and
treatment numbers, population-wide education is
essential so that individuals recognise risk factors and
symptoms of infection and eventually come forward
for treatment. In this context, the United States
Preventive Services Task Force has recently updated
their 2004 statement and now recommends screening
of persons at high risk and 1-time testing in adults
[15]
born between 1945 and 1965 .
If HCV prevention, screening, care, and treatment
programs are to be successful they must take into
account country-specific epidemiology, which varies
[16]
by setting and level of economic development .
Treatment using Direct Antiviral Agents is highly
effective but expensive. For them to be cost effective
there must be a higher uptake of treatment. This in
turn requires an increase in the number of patients
being diagnosed. A recent assessment for New Zealand
[4]
by Gane et al , shows that if the country maintains
the current treatment capacity (e.g., number of
specialist nurses, etc.) it will be possible to treat more
patients in the same timeframe quickly exhausting the
number of currently diagnosed cases. It is therefore
warranted and urgent to increase awareness and
knowledge of HCV and its prevalence.
This project hence set out to answer two questions.
Firstly, we wanted to determine the prevalence of HCV
infections amongst those 40-59 years old. The middleaged population was targeted for testing since they
are in greatest need of identification and treatment.
They lived through the peak incidence years of HCV
infection and would now be entering peak prevalence
for cirrhosis and other complications. Our hypothesis
was that a better understanding of prevalence among
this cohort would allow for more accurate predictions
of the imminent future burden and therefore planning
of resources to manage this.
Secondly, we wanted to assess the level of know
ledge in this age group regarding Hepatitis C with a
view to exposure, risk factors and signs of infection.
Assessment of HCV knowledge among this cohort was
thought to be important in order to better understand
barriers to identification, diagnosis and treatment while
concurrently raising awareness of the issue.
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MATERIALS AND METHODS
Study population

th

The study was conducted in Dunedin the 5 largest
city in New Zealand, located in the South Island with a
[17]
population of 120249 . In order to address our study
questions, two separate sample groups were identified
and studied.
Knowledge group: A questionnaire was mailed
to randomly selected 40-59 years old people on an
electronic version of the Dunedin North and South
electoral roll to assess the extent of general knowledge
about hepatitis C.
Prevalence group: Anonymised laboratory samples
were collected from 40-59 years old Dunedin resi
dents. Samples had been originally taken in either
hospital or community settings between January and
February 2013, and were subsequently tested for HCV
antibodies and liver function tests (LFTs).

Questionnaire

A questionnaire assessing risk developed by Zuure
[18]
et al
was used as a guide for content development
alongside a review of literature for risk factors.
The questionnaire aimed to assess the extent of
general knowledge about viral hepatitis, potential
risks for infection and the prevalence of risk factors
associated with increased progression of liver fibrosis.
The questionnaire was piloted on 50 individuals,
representative of the sample population. It consisted
of 3 sections with a total of 41 questions. There were
5 questions pertaining to demographic information,
9 general hepatitis knowledge questions and 27
questions profiling risk for transmission/infection.
Of the 30095 eligible adults on the electoral roll,
1400 individuals were randomly selected as our
sample population and mailed a questionnaire. Nonresponders were sent reminder letters after 3 wk
and a repeat questionnaire to complete. Letters that
were returned due to incorrect addresses and other
technicalities were sent to additional people.

Blood testing

Anonymised left-over lab samples of 40-59 years
old people from Dunedin taken in hospital or in the
community were used to test for the prevalence of
HCV and LFTs. We used the “SD Bioline One Step antiHCV” test (Standard Diagnostics Incorporated, South
Korea) to test for Hepatitis C anti-bodies. Testing of
blood from a known hepatitis C positive individual
was undertaken to validate the test kits since these
are not the current NZ lab approved tests for HCV
identification. All positive test strips were confirmed
by electrochemiluminescent immunoassay (ECLIA) by
Southern Community Laboratories, Dunedin (Modular
analyser, E unit, Roche Diagnostics, GmbH, Mannheim,
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Scores for section 1: general hepatitis knowledge
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Figure 1 Proportion of the sample population with particular scores in general hepatitis knowledge section of the questionnaire.

Germany). Liver function tests including aspartate
transaminase (AST), alanine transaminase (ALT) and
gamma-glutamyl transpeptidase (GGT) were also
completed in all patients (standardised against IFCC,
Modular analyser, P unit, Roche Diagnostics, GmbH,
Mannheim, Germany).

Statistical analysis

Questionnaire: Linear regression was performed
to examine whether the demographics sex, age,
socio-economic status (SES), qualification level
and occupation sector (categorical variables) were
predictors of level of general knowledge about
hepatitis. For the demographics that were found
to be significant predictors of score outcome,
multiple regression analysis was used to determine
independent effects. Cases with missing answers
(n = 52) were excluded. When analysing individual
questions, response rates for each individual question
were calculated regardless of the questionnaire being
2
completed in full. χ tests were used to compare
our selected sample and our responder population
demographics to the demographics of the entire 40-59
years old population in Dunedin using the 2006 NZ
[19]
census data .
Blood tests: Exact confidence intervals for the
proportion positive for HCV and HBV were calculated
using the binomial distribution. Logistic regression was
used to compare liver function test values between
HCV positive and negative groups. Stata 12 (StataCorp
LP, College Station, TX, United States) was used for
our statistical analysis.
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RESULTS
At 3 wk 1059/1400 individuals had not responded
and were sent reminder letters. At week 12 the total
response rate was 431/1400 (30.8%). Over the same
period, 682 anonymised, residual laboratory blood
samples were tested for HCV infection of which 518
were taken outside the hospital (community samples).

Knowledge group

There was no statistical difference between responders
and non-responders regarding socio-economic status
(SES), occupation or sex (data not shown).
Level of general knowledge: The average per
centage of educational questions answered correctly
was 59.4% (95%CI: 57.4%-61.4%) with a minimum
score of 3.2% and a maximum score of 93.5% (Figure
1).
Statistically significant predictors for an individual’
s questionnaire score included sex (p < 0.01), level of
qualification (p < 0.0005) and occupation sector (p <
0.0005). The number of correct answers by females
tends to be 5.4% higher (95%CI: 1.4-9.4), on average
compared with males after taking account of possible
differences in qualification and occupation sector, age
and SES (table 1).
Furthermore, with every increasing level of
qualification, the percentage of correct answers
increased by, on average, 5.0% (95%CI: 3.1%-6.9%)
(Figure 2). This was mirrored by an average score
increase of 4.8% (95%CI: 2.4-7.3) with each change
in occupation sector. Health workers were the most
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Mean scores of different qualification levels
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Figure 2 Relationship between general hepatitis knowledge scores and qualification levels.

Table 1 Relationship between general hepatitis knowledge
scores and population demographics
Demographic
Sex
Qualification level
Occupation sector
Age
SES

Unadjusted
8.5 (4.6-12.4)
6.5 (4.6-8.4)a
7.1 (4.9-9.3)a
-0.6 (-2.5-1.2)
-0.9 (-1.5-1.4)

Adjusted
a

Table 2 Recognition of acute or chronic hepatitis symptoms

n = 427

1

Symptoms of an acute/chronic hepatitis infection

5.4 (1.4-9.4)a
5.0 (3.1-6.9)a
4.8 (2.4-7.3)a
-0.1 (-2.1-1.8)
0.2 (-1.3-1.7)

Fatigue
Nausea
Loss of appetite
Jaundice
Abdominal pain
Skin irritations
Vomiting
Fever
Don’t Know
Asymptomatic

1

Adjusted for the other four demographic variables. ap < 0.0005, unadjusted
vs adjusted.

knowledgeable compared to white collar workers, blue
collar workers and those unemployed who scored on
average 15.7%, 23.4% and 21.7% less respectively
(Figure 3).
Specific questions regarding risk factors,
symptoms and treatment: The most widely known
risk factor for viral hepatitis transmission was the
sharing of intravenous drug utensils (94.4%) and
the most unrecognised was the sharing of common
household items (toothbrush or razor blade) with
an infected individual (64.7%). Most knew about
symptoms of fatigue, nausea and lack of appetite as
symptoms, but 93.0% did not know that HCV infection
can be asymptomatic (table 2). Eleven percent of
people did not know about any of the long-term
consequences of untreated disease. Over a quarter of
the study population did not know that treatment is
available and only 40.0% assumed that it was funded
in New Zealand.
Specific questions regarding factors associated
with accelerated fibrosis: We also asked about

WJG|www.wjgnet.com

Recognised
%

95%CI

82.4
67.9
66.3
63.7
57.1
56.0
33.0
32.3
14.0
7.0

78.5-85.7
63.3-72.2
61.7-70.6
59.0-68.1
52.4-61.8
51.2-60.6
28.7-37.6
28.1-36.9
11.1-17.1
4.9-9.9

risky behavior that is commonly associated with an
accelerated progression of fibrosis. The number of
standard drinks consumed per sitting increases by 0.5
as level of qualification decreases, with males drinking
1.6 standard drinks more per sitting and more often
than females. 43.4% of the study population reported
themselves as overweight and of those, 7.2% as
excessively overweight.

Prevalence group

From a total of 682 anonymised blood samples, 34
samples were removed; two because they were out of
the age range and 32 because they had the same date
of birth, sex and potentially could have been repeat
samples from the same patient bringing the total to
648 blood samples.
A total of 26 patients tested positive for Hepatitis
C (4.0%, 95%CI: 2.6%-5.8%, 19 male). In samples
from outside the hospital, 17 patients tested positive
(community samples - 3.3%, 95%CI: 1.9%-5.2%, 13
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Figure 3 Relationship between total correct score and occupation sector.

Table 3 Average liver function test results
Mean LFT ±
SD
AST
ALT
GGT

HCV positive HCV negative
50.7 ± 37.3
54.1 ± 40.7
76.7 ± 141.1

25.8 ± 24.3
30.8 ± 72.2
41.7 ± 62.4

Total

Reference
range

26.7 ± 25.3
31.7 ± 71.4
42.9 ± 67.1

0-45 U/L
< 45 U/L
0-60 U/L

LFTs: Liver function tests; HCV: Hepatitis C virus; ALT: Alanine
transaminase; AST: Aspartate transaminase; GGT: Gamma-glutamyl
transpeptidase.

male).
The average liver function test (AST, ALT, GGT) was
increased in patients infected with HCV but logistic
regression showed that the odds of having an elevated
ALT, AST or GGT were the same for both the HCV
positive and negative groups (table 3).

DISCUSSION
Even though the incidence of Hepatitis C cases seems
to have declined, it is estimated that the economic
burden of HCV related treatment and complications
will continue to increase over the next two decades.
Currently in NZ, the majority of HCV infections are not
diagnosed and only about 2% of diagnosed patients
are treated. For the new DAAs to have a significant
impact, treatment numbers need to be increased at
[4,20]
least four-fold
.
While it can be expected that more patients with
known HCV infection will come forward voluntarily
for treatment, this study revealed an alarmingly low
knowledge about viral hepatitis, and a higher than
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expected prevalence of hepatitis C in the 40-59 years
old.
The lack of general knowledge about HCV and high
prevalence as indicated in our study is of concern as
our population sample (40-59 years old) was selected
for its high risk of developing complications related to
undiagnosed or untreated chronic infection. Worldwide,
HCV-related end-stage liver disease already accounts
for more than 40% of adult elective liver transplants,
and the number of referrals for transplantation is
[21]
projected to double within the next decade . In NZ,
complications due to HCV infection such as cirrhosis
and hepatocellular carcinoma are the leading indication
for assessment for liver transplantation, next to HBV
related complications and alcohol. A recent 12-year
[22]
audit by Hsiang et al
of cirrhotic patients showed
that HCV was the third most common cause for
cirrhosis (22.3%) of which 69.7% were previously
unsuccessfully treated with interferon-based regimes.
[22]
Patients were usually male and in their mid-50s .
These projections emphasize how critical it is for
any Health System to identify infected persons and
treat their disease before advanced liver disease
develops. The only strategy for those already
infected is prevention of disease progression through
suppression or eradication of HCV. Disconcertingly
the rate of treatment with pegylated interferon and
ribavirin is declining and has almost reached 2007
[23]
levels (data from the NZ Ministry of Health) . In part,
this can be explained by the fact that patients are
aware of the newer and safer treatment options and
are deciding to wait. However, the majority of patients
are unaware of their infection.
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Raising awareness of Hepatitis C will aid the
identification of patients in need of treatment. Formal
patient education can be successful but needs to
[24]
target the right population group . Our findings are
important to the success of the government funded
national hepatitis C action plans recently initiated in
[25,26]
several countries
. From our results, it is clear
that the majority of this population is unaware of
the potential asymptomatic nature of HCV and when
the nonspecific symptoms of an infection are likely
to manifest. 93.0% of participants did not recognise
that HCV infection can be asymptomatic and 53.1%
of participants did not know how long it would take
for symptoms of a chronic infection to manifest. In
addition 11.0% of people did not know about any
long-term consequences of untreated disease. These
findings have critical repercussions for HCV education
and management. Furthermore, over one quarter of
the population did not know that treatment is available
and only 40.0% assumed that it was funded. Along
with the unpopularity of interferon-based treatments,
these factors could be a barrier to people coming
forward for testing.
To remain cost-effective, educational efforts
should be targeted. We have shown that individuals
with a tertiary qualification scored highest on the
questionnaire. Our finding that a higher level of
qualification positively correlates with knowledge
about Hepatitis C fits with the current literature. A
[27]
study by Proeschold-Bell et al about HCV knowledge
among HIV patients from North Carolina, United
States involving 179 HIV patients, also found more
accurate levels of HCV knowledge among study
participants with higher education levels. Similarly a
study of 201 HCV infected individuals in San Francisco
that tested knowledge about Hepatitis C diagnosis,
symptoms, natural history and treatment, showed
patients with at least a high school education had
[24]
higher baseline knowledge scores . Again in New
South Wales, Australia, following a mass media
HCV campaign, the number of correct responses
in the follow up cohort sample was independently
associated with having a post-secondary education.
Interestingly improvements in knowledge were equal
[28]
across all demographic descriptors . We know there
is a strong association between health literacy and
[29]
low- income/socio-economic status . In accordance
to our findings, the populations most vulnerable to
the impact of poor health literacy knowledge are
[30]
immigrants, seniors and unemployed persons . Our
study found that unemployed individuals are among
the lowest scoring occupational sectors. Furthermore,
knowledge about viral hepatitis seems to be associated
with gender. Females in our study were found to be
more knowledgeable about Hepatitis C compared with
males. Unfortunately as of 2011, 62% of injecting drug
[31]
users in New Zealand are male .
Thus health promotion messages need to be
designed to reach and cater for audiences with lower
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education levels and those of low socio-economic
status, especially immigrants and unemployed persons.
Our mail survey had a return rate of just less than
31%. Our result is almost identical to a recent study
[32]
by Zuure et al , which showed only 28% followed
advice to be tested for HCV. The authors identified the
main reasons for not being tested to be inconvenient
testing facilities, a lack of commitment, along with
the belief that personal risk is low, the absence of
symptoms, low perceived urgency for testing and
treatment and fear of the consequences of a positive
[32]
test result . While our study was not designed to ask
these questions, anecdotally, some blank questionnaire
were returned with the note that people did not think
they were at risk and therefore completion of the
questionnaire was not seen as appropriate.
An unexpected finding was the high prevalence
rate of 3.3%-4.0% of HCV amongst the 40-59
years old population with the majority being male.
This number is of particular importance as it allows
targeted treatment efforts. While it is estimated that
approximately 50000 New Zealanders or roughly just
over 1% of the population are infected with HCV, an
age-adjusted prevalence is not known. Interestingly,
[22]
as shown by Hsiang et al , patients with HCV-related
liver disease such as cirrhosis were predominantly
males in their mid-50s. Although liver function tests
were elevated in HCV infected patients, logistic
regression showed that the odds of having an elevated
ALT, AST or GGT were the same for both the HCV
positive and negative groups.
In summary, the population group most know
ledgeable about the risk of transmission, possible
symptoms and treatment of hepatitis C, are welleducated and qualified women who are working in
the health or white collar sector. Therefore public
health initiatives need to prioritise other groups with a
particular focus on males and persons with low levels
of education. The overall level of knowledge needs to
improve across the community as a whole.
There were some obvious limitations to our study.
Firstly, unlike the knowledge group, blood samples
were not a random sample of the Dunedin 40 to
59-year-old population as the knowledge group but
were taken from hospital and community individuals
who had a blood test taken for other medical
reasons. This introduces the potential for selection
bias, especially as it can be assumed that patients
with HCV might seek more medical help compared
to the healthy population. There was also no way of
identifying if positive blood samples were representing
a new diagnosis or were already previously diagnosed
with HCV and if these people were unaware of their
infective status. We did not ask for coffee and cannabis
consumption, known modulators of liver disease
progression.
Approximately 10% of NZ citizens are not regis
tered on the electoral roll; therefore the response rate
data cannot be considered a direct reflection of the
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population living in Dunedin. Given the prevalence
profiles, our study may have underestimated
prevalence.
The low response rate to the questionnaire (30.8%)
decreased the sample size therefore increasing
standard error of estimates leading to decreased
precision and study power. Consequently, caution
needs to be taken when interpreting this data from
the questionnaire, as the study population may not
accurately represent the true population of 40-59
years old in Dunedin.
Limitations aside, we found a surprisingly high
prevalence rate of 3.3%-4.0% among the 40-59
years old population in urban Dunedin, New Zealand.
This is coupled with a low level of general knowledge
in the population group mostly at risk of infection
or transmission. Awareness campaigns need to be
directed at the groups most vulnerable in order
to reduce barriers that prevent their testing and
diagnosis. Increasing awareness and diagnosis of HCV
infection in this population, will subsequently allow
for successful treatment with the new DAAs. This will
decrease prevalence, and halt the increasing mortality
from the Hepatitis C virus in our community.

come forward for testing and treatment.

Innovations and breakthroughs

Chronic HCV infection in New Zealand as in many other countries is not a
notifiable disease. The true incidence and prevalence is therefore difficult to
estimate. Potential complications and the burden on our health system can
therefore only be estimated. Articles from Saraswat V et al (J Viral Hepat 2015)
and Hatzakis A (J Viral Hepat 2015) are important as they put our findings into
an international context. Gane E. (Liver Int. 2011) outlines current and future
treatment regimes of HCV infection.

Applications

The authors believe that our strategy identifying the prevalence of HCV of
certain population groups is worthwhile. The methodology is unrelated to local
characteristics and can be applied in other settings with ease.

Peer-review

This manuscript aimed to estimate the prevalence of HCV infection in a
population most at risk (aged 40-50 years) from New Zeeland and to identify
gaps in knowledge about HCV. The manuscript is well written and suitable to be
published after the authors will make corrections.
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cirrhosis, liver failure and cancer. Due to associated risk factors patients with
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Abstract
AIM: To evaluate the efficacy of moxifloxacin-based
sequential therapy (MBST) versus hybrid therapy as a
first-line treatment for Helicobacter pylori (H. pylori )
infection.
METHODS: From August 2014 to January 2015,
284 patients with confirmed H. pylori infection were
randomized to receive a 14-d course of MBST (MBST
group, n = 140) or hybrid (Hybrid group, n = 144)
therapy. The MBST group received 20 mg rabeprazole
and 1 g amoxicillin twice daily for 7 d, followed by
20 mg rabeprazole and 500 mg metronidazole twice
daily, and 400 mg moxifloxacin once daily for 7 d. The
Hybrid group received 20 mg rabeprazole and 1 g
amoxicillin twice daily for 14 d. In addition, the Hybrid
group received 500 mg metronidazole and 500 mg
clarithromycin twice daily for the final 7 d. Successful
eradication of H. pylori infection was defined as a
13
negative C-urea breath test 4 wk after the end of
treatment. Patient compliance was defined as “good”
if drug intake was at least 85%. H. pylori eradication
rates, patient compliance with treatment, and adverse
event rates were evaluated.
RESULTS: The eradication rates in the intention-totreat (ITT) analysis were 91.4% (128/140; 95%CI:
9 0 . 2 % - 9 2 . 9 % ) i n t h e M B S T g ro u p a n d 7 9 . 2 %
(114/144; 95%CI: 77.3%-80.7%) in the Hybrid
group (P = 0.013). The eradication rates in the perprotocol (PP) analysis were 94.1% (128/136; 95%CI:
9 2 . 9 % - 9 5 . 6 % ) i n t h e M B S T g ro u p a n d 8 2 . 6 %
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(114/138; 95%CI: 80.6%-84.1%) in the Hybrid
group (P = 0.003). The H. pylori eradication rate in
the MBST group was significantly higher than that of
the Hybrid group for both the ITT (P = 0.013) and
the PP analyses (P = 0.003). Both groups exhibited
full compliance with treatment (MBST/Hybrid group:
100%/100%). The rate of adverse events was 11.8%
(16/136) and 19.6% (27/138) in the MBST and Hybrid
group, respectively (P = 0.019). The majority of
adverse events were mild-to-moderate in intensity;
none were severe enough to cause discontinuation of
treatment in either group.
CONCLUSION: MBST was more effective and led to
fewer adverse events than hybrid therapy as a first-line
treatment for H. pylori infection.
Key words: Helicobacter pylori ; first-line treatment;
eradication; moxifloxacin; sequential therapy; hybrid
therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To our knowledge, this is the first study
to evaluate the efficacy of 14-d treatment with
moxifloxacin-based sequential therapy compared with
hybrid therapy as a first-line treatment for Helicobacter
pylori (H. pylori ) infection. Our study shows that
moxifloxacin-based sequential therapy is more eff
ective with fewer adverse events compared with hybrid
therapy. The high rates of H. pylori eradication and
patient compliance with treatment, and low rate of
adverse events seen here suggest that moxifloxacinbased sequential therapy is a suitable alternative to
standard triple therapy.
Hwang JJ, Lee DH, Yoon H, Shin CM, Park YS, Kim N. Efficacy
of moxifloxacin-based sequential and hybrid therapy for firstline Helicobacter pylori eradication. World J Gastroenterol 2015;
21(35): 10234-10241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i35/10234.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i35.10234

INTRODUCTION
Helicobacter pylori (H. pylori) was first identified by
[1]
Marshall and Warren in 1983 . H. pylori is a common
pathogen that infects approximately half the global
population and can cause chronic gastritis, peptic
ulcers, gastric mucosal-associated lymphoid tissue
[2]
lymphoma, and gastric adenocarcinoma . Therapy to
eradicate H. pylori can reduce the likelihood of peptic
ulcer recurrence, induce remission of gastric mucosalassociated lymphoid tissue lymphoma, and reduce the
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risk of early gastric cancer recurrence after endoscopic
treatment. Hence, the need for therapies to eradicate H.
pylori has become clear.
In 1997, the European Helicobacter Study Group
recommended standard triple therapy using a proton
pump inhibitor (PPI), amoxicillin, and clarithromycin
as first-line therapy for H. pylori. This regimen is
still widely used, including in the United States and
[3]
Europe . However, H. pylori eradication rates have
been decreasing gradually with increasing resistance
to clarithromycin due to its use in the treatment of
[4]
respiratory infections over the past 20 years . A
report from Korea also indicates that rates of H. pylori
[5]
eradication are decreasing . Thus, the need for a new
first-line therapy for H. pylori with a high eradication
rate has become clear, and various alternatives
to standard triple therapy are being investigated
worldwide.
Sequential therapy was first described by Zullo
[6]
et al in 2000. It involves initial dual treatment
with PPI and amoxicillin followed by triple treatment
with PPI, clarithromycin, and metronidazole (or
tinidazole). This treatment involves initial damage to
the H. pylori cell wall from amoxicillin, allowing easier
penetration of antibiotics such as clarithromycin. Cell
wall damage also leads to the loss of channels to
export clarithromycin; thus, antibiotics are retained
and, even with resistance, treatment to eradicate
[6]
bacteria is more effective . Many studies and metaanalyses have reported high eradication rates with
[7,8]
sequential therapy ; however, recent studies from
[9,10]
Korea show that eradication rates are decreasing
.
Accordingly, recent research has focused on the drug
composition, duration, dosage, and the timing of drug
administration in sequential therapy.
Hybrid therapy involves alterations to the se
quential therapy regimen such that PPI and amo
xicillin are administered initially as dual treatment
followed by a quadruple regimen with PPI, amoxicillin,
clarithromycin, and metronidazole (or tinidazole).
Recent studies have reported higher eradication rates
for hybrid therapy in comparison with sequential
therapy without significant differences in treatment
[11,12]
compliance or the incidence of adverse events
.
However, comprehensive data on this subject are
lacking. Moreover, very few studies have been based
in Korea, where there is a high incidence of antibiotic
resistance.
Therefore, the objective of this study was to
evaluate the efficacy, rates of patient compliance with
treatment, and adverse events for two novel regimens
for H. pylori infection treatment. A 14-d regimen of
moxifloxacin-based sequential therapy (MBST) was
compared with 14-d hybrid therapy to evaluate the
most effective alternative first-line regimen for H.
pylori eradication in the relatively antibiotic-resistant
Korean population.
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MATERIALS AND METHODS
Patient selection

This prospective, open-label, randomized study was
conducted at Seoul National University Bundang
Hospital between August 2014 and January 2015.
A total of 284 patients infected with H. pylori were
enrolled. H. pylori infection was defined by at least
13
one of the following: a positive C-urea breath test
13
( C-UBT); histologic evidence of H. pylori by modified
Giemsa staining of tissue from the lesser and greater
curvature of the stomach body and antrum; and/or
a positive rapid urease test (CLO test; Delta West,
Bentley, Australia) by gastric mucosal biopsy from the
lesser curvature of the stomach body and antrum.
Patients were excluded if they had received PPIs, H2
receptor antagonists, or antibiotics in the previous 4
wk, or if they had used nonsteroidal anti-inflammatory
13
drugs or steroids in the 2 wk prior to the C-UBT.
Other exclusion criteria were as follows: patients were
(1) below 18 years of age; (2) had undergone gastric
surgery or endoscopic mucosal dissection for gastric
cancer; (3) had advanced gastric cancer; (4) had
severe current disease (hepatic, renal, respiratory, or
cardiovascular); (5) were pregnant; or (6) had any
condition that may have led to poor compliance with
treatment (e.g., alcoholism or drug addiction). The
study protocol was approved by the Ethics Committee
at Seoul National University Bundang Hospital.
The study was conducted in accordance with the
Declaration of Helsinki.

Study design

This was a prospective, open-label, single-center,
randomized study to compare 14-d MBST with
14-d hybrid therapy as first-line treatment for H.
pylori infection. All enrolled patients completed a
questionnaire regarding their history of comorbidities,
demographic information, smoking status, and
alcohol consumption. Patients also underwent an
esophagogastroduodenoscopy to assess their clinical
diagnosis, such as gastritis or peptic ulcer disease,
and to conduct a biopsy for the assessment of H.
pylori infection, colonization, atrophic change, and
intestinal metaplasia. The 288 patients enrolled
were randomly assigned to two treatment groups
using a computer-generated numeric sequence. Four
patients in the MBST group withdrew consent after
the enrollment deadline. Thus, in the final analyses,
the 14-d MBST group comprised 140 patients and the
Hybrid group comprised 144 patients. The 14-d MBST
group received 20 mg rabeprazole and 1 g amoxicillin
twice daily for 7 d followed by 20 mg rabeprazole
and 500 mg metronidazole twice daily, and 400 mg
moxifloxacin once daily for 7 d. The Hybrid group
received 20 mg rabeprazole and 1 g amoxicillin twice
daily for 14 d, plus 500 mg metronidazole and 500
mg clarithromycin twice daily for the final 7 d. Patient
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compliance with treatment was evaluated by remnant
pill counting and direct questioning by a physician one
week after completion of treatment. Compliance was
defined as “good” with a drug intake of at least 85%.
Patients were also questioned about adverse events at
this time. Successful eradication of H. pylori infection
13
was defined by a negative C-UBT test 4 wk after the
end of treatment.
13

C-Urea breath test
13

Before the C-UBT was conducted, patients were
instructed to stop taking medications that could
affect the result (e.g., bismuth, antibiotics for 4 wk,
or PPIs for 2 wk), and fasted for a minimum of 4 h.
The oral cavity was washed by gargling and 100 mg
13
TM
C-urea powder (UBiTkit ; Otsuka Pharmaceutical
Co. Ltd., Tokyo, Japan) dissolved in 100 mL water was
administered orally. Breath samples were taken with
special breath collection bags before and 20 min after
drug administration. Samples were analyzed using an
isotope-selective, non-dispersive infrared spectrometer
®
(UBiT-IR 300 ; Otsuka Pharmaceutical Co. Ltd, Tokyo,
Japan).

Sample size and statistical analyses

The sample size was estimated based on recent
[13]
domestic data on hybrid treatment efficacy . To
obtain a 12% difference in effectiveness between the
two regimens, a power of 80% and a two-sided type
1 error of 5%, we calculated that a minimum of 135
patients were needed for each treatment arm; this
would also allow for 10% loss to follow-up.
The primary outcome was H. pylori-eradication rate
and the secondary outcome was safety as assessed
by the rate of treatment-related adverse events.
The eradication rate was determined by intention-totreat (ITT) and per-protocol (PP) analyses. The ITT
analysis included all patients originally allocated to the
treatment arms and the PP analysis included patients
who had completed treatment. The mean ± SD was
calculated for quantitative variables. The student’
s t test was used to evaluate continuous variables,
2
and the χ test and Fisher’s exact test were used
to evaluate non-continuous variables. All statistical
analyses were performed using PASW version 20.0 for
Windows (SPSS Inc., IBM, Chicago, IL, United States).
A p value less than 0.05 was considered to be clinically
significant.

RESULTS
Patient characteristics

A schematic diagram of the study is provided in Figure
1. A total of 284 patients infected with H. pylori were
randomized to the MBST group or Hybrid group.
Of these, 274 (96.4%) completed their allocated
regimens. The remaining 10 patients (3.5%) were
excluded from the study due to follow-up loss, 4 (1.4%)
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Helicobacter pylori positive patients
(n = 284)

MBST group (n = 140)
1 wk
2 wk
1
Rabeprazole
1
Amoxicillin
1
Moxifloxacin
1
Metronidazole

MBST group (n = 136)
Noncompliance (n = 0)
Follow-up loss (n = 4)
Discontinued therapy due to adverse events (n = 0)

Hybrid group (n = 144)
1 wk
2 wk
1
Rabeprazole
1
Amoxicillin
1
Clarithromycin
1
Metronidazole

ITT analysis

MBST group (n = 138)
Noncompliance (n = 0)
Follow-up loss (n = 6)
Discontinued therapy due to adverse events (n = 0)

PP analysis

Figure 1 Flow schematic of the study included in intention-to-treat and per-protocol analyses. 1Rabeprazole 20 mg twice a day, amoxicillin 1 g twice a day,
moxifloxacin 400 mg once a day, clarithromycin 500 mg twice a day, metronidazole 500 mg twice a day. MBST: 14-d moxifloxacin-based sequential therapy; Hybrid:
14-d hybrid therapy; ITT: intention-to-treat; PP: Per-protocol.

Table 1 Demographic and clinical data at baseline (intention-to-treat population) n (%)

Included in ITT analysis
Age, mean ± SD (yr)
Gender (male)
Current smoker
Alcohol drinking
Diabetes
Hypertension
Previous history of peptic ulcer
Endoscopic diagnosis
HPAG
Gastric ulcer
Duodenal ulcer
Gastric and duodenal ulcer
Adenoma
Positive CLO test
H. pylori colonization
Negative
Mild
Moderate
Marked
Atrophic change
Intestinal metaplasia
Drop out
Noncompliance
Follow-up loss
Discontinued therapy
due to adverse events

MBST

Hybrid

P value

140
58.9 ± 12.8
58 (41.4)
8 (5.7)
18 (12.9)
7 (5.0)
27 (19.3)
19 (13.6)

144
58.8 ± 11.9
72 (50.0)
9 (6.3)
15 (10.4)
6 (4.2)
20 (13.9)
18 (12.5)

0.922
0.155
0.849
0.581
0.783
0.264
0.537
0.783

117 (83.6)
8 (5.7)
5 (3.6)
2 (1.4)
8 (5.7)
106 (75.7)

136 (94.4)
6 (4.2)
0 (0.0)
2 (1.4)
0 (0.0)
116 (80.6)

7 (5.0)
66 (47.1)
52 (37.1)
15 (10.7)
11 (7.8)
10 (7.2)
4 (2.8)
0 (0.0)
4 (2.8)
0 (0.0)

13 (9.0)
65 (45.1)
43 (29.9)
23 (16.0)
14 (9.8)
16 (11.1)
6 (4.1)
0 (0.0)
6 (4.1)
0 (0.0)

0.389
0.234

0.122
0.239
0.285

MBST: 14-d moxifloxacin-based sequential therapy; Hybrid: 14-d hybrid therapy; ITT: Intention-to-treat; HPAG: Helicobacter pylori associated gastritis; CLO
test: Rapid urease test; H. pylori: Helicobacter pylori.

from the MBST group and 6 (2.1%) from the Hybrid
group. No patients were excluded from either group for
non-compliance (< 85% of assigned tablets) and none
discontinued treatment due to adverse events. Finally,
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136 patients in the MBST group and 138 patients in
the Hybrid group were included in the PP analysis.
Baseline demographic and clinical characteristics did
not differ significantly between the two groups (Table
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treatment in either group. Treatment compliance was
100% for both groups (Table 3).

Table 2 Helicobacter pylori eradication rates

ITT analysis
Eradication rate
95%CI
PP analysis
Eradication rate
95%CI

MBST

Hybrid

P value

91.4% (128/140)
90.2%-92.9%

79.2% (114/144)
77.3%-80.7%

0.013

94.1% (128/136)
92.9%-95.6%

82.6% (114/138)
80.6%-84.1%

0.003

DISCUSSION

ITT: Intention-to-treat; PP: Per-protocol; MBST: 14-d moxifloxacin-based
sequential therapy; Hybrid: 14-d hybrid therapy.

Table 3 Adverse events and compliance n (%)
MBST

Hybrid

Adverse events

(n = 136)

(n = 138)

Bloating/dyspepsia
Taste distortion
Epigastric discomfort
Nausea
Abdominal pain
Diarrhea
Total
Compliance

4 (2.9)
4 (2.9)
4 (2.9)
2 (1.5)
0 (0.0)
2 (1.5)
16 (11.8)
136 (100.0)

5 (3.6)
4 (2.9)
7 (5.1)
4 (2.9)
0 (0.0)
7 (5.1)
27 (19.6)
138 (100.0)

P value

0.019

MBST: 14-d moxifloxacin-based sequential therapy; Hybrid: 14-d hybrid
therapy.

1).

H. pylori eradication rates

Table 2 shows the eradication rates for H. pylori
according to the ITT and PP analyses. The overall
ITT eradication rate was 85.2% (242/284), 91.4%
(128/140; 95%CI: 90.2-92.9%) in the MBST group
and 79.2% (114/144; 95%CI: 77.3-80.7%) in the
Hybrid group (p = 0.013). The overall PP eradication
rate was 88.3% (242/274); 94.1% (128/136; 95%CI:
92.9-95.6%) in the MBST group and 82.6% (114/138;
95%CI: 80.6-84.1%) in the Hybrid group (p = 0.003).
The H. pylori eradication rates in the MBST group were
significantly higher than those in the Hybrid group
according to both the ITT (p = 0.013) and PP analysis (p
= 0.003).

Adverse events and treatment compliance

Sixteen out of 136 patients (11.8%) in the MBST
group and 27 out of 138 patients (19.6%) in the
Hybrid group experienced adverse events; the
difference between groups was statistically significant
(p = 0.019; Table 3). The most common adverse
events were bloating/dyspepsia (4/136, 2.9%), taste
distortion (4/136, 2.9%), and epigastric discomfort
(4/136, 2.9%) in the MBST group and epigastric
discomfort (7/138, 5.1%), and bloating/dyspepsia
(5/138, 3.6%) in the Hybrid group. The majority of
adverse events were mild-to-moderate in intensity and
none were severe enough to cause discontinuation of
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Eradication rate is an important standard in assessing
the success of H. pylori treatment. The Maastricht
Consensus Conference declared that eradication
rates > 80% and > 90% in ITT and PP analyses,
[14]
respectively, have therapeutic significance . However,
many countries have reported eradication rates <
[15,16]
80% for standard triple therapy
. Among the
factors contributing to low eradication rates, antibiotic
resistance poses the largest problem, particularly
[4]
increasing clarithromycin resistance . As the search
for an effective H. pylori vaccine is exhausted,
a number of studies have focused on increasing
the duration of eradication therapy, altering drug
compositions, increasing drug dosage, and combining
existing and new antibiotics to overcome antibiotic
resistance and increase eradication rates.
A meta-analysis of randomized controlled trials
conducted in Italy before 2008 showed an eradication
rate of 91.0%-93.5% (ITT analysis) with sequential
therapy, significantly higher than the 75.7%-79.2%
[7]
eradication rate with standard triple therapy . The
majority of randomized controlled trials conducted in
Europe after 2008 showed eradication rates for ITT
analyses > 80% for sequential therapy, showing this
[17,18]
regimen to be superior to standard triple therapy
.
In a meta-analysis of 6 randomized prospective
studies conducted in Korea, the eradication rates with
sequential therapy in the ITT and PP analyses were
79.4% and 86.4%, respectively, with a relative risk of
[19]
1.761 in the ITT analysis . However, despite superior
eradication rates in comparison with standard triple
therapy, rates for sequential therapy in Korea were
[19]
not as high as expected (ITT, 79.4%; PP, 86.4%)
and failed to meet the threshold for therapeutic
significance.
Recent studies have explored hybrid therapy,
whereby the duration of treatment with components
of sequential therapy is altered. Eradication rates of
97.4% and 99.1% in ITT and PP analyses, respectively,
[11]
have been reported in Taiwan , and 89.5% and
[12]
92.9%, respectively, in Iran . However, an Italian
[17]
study reported rates of 80% and 85.7%
and a
Korean study reported 81.1% and 85.9%, respectively,
[13]
indicating regional differences .
Furthermore, some studies have attempted to
substitute clarithromycin with other antibiotics due to
its contribution to treatment failure with moxifloxacin,
a second-generation fluoroquinolone mainly used
to treat respiratory infections, receiving particular
attention. Moxifloxacin is characterized by fast
absorption with a bioavailability of 89% due to oral
administration and broad penetration through body
[20]
fluids and tissues . It also has fewer adverse effects
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and interactions with other drugs compared with other
[21]
fluoroquinolones . In a pilot study by this group
comparing clarithromycin- with MBST, significantly
higher eradication rates (ITT, 91.3%; PP, 93.6%) were
seen for MBST compared with clarithromycin-based
sequential therapy (ITT, 71.6%; PP, 75.3%), with
no significant differences in treatment compliance or
[22]
adverse events .
Therefore, the present study aimed to determine
the most effective first-line therapy for H. pylori
in Korean patients by conducting a head-to-head
comparison of eradication rates, treatment compliance,
and adverse effects for 14-d MBST and a regimen in
which clarithromycin was substituted for moxifloxacin.
We hypothesized that changing the antibiotic agents
that are included in the eradication regimen would be
more effective than extending the treatment duration
for existing antibiotics to improve H. pylori eradication
therapy efficacy. Our results indicate that 14-d MBST
achieves significantly higher eradication rates than
14-d hybrid therapy.
We believe these results may be related to
antibiotic resistance. A previous study on antibiotic
resistance conducted by our institution showed clari
thromycin resistance rates of 23.2% from 2003 to
2005, 27.2% from 2006 to 2008, and 37.3% from
[23]
2009 to 2013 . Resistance rates to metronidazole
decreased in 2003 to 2005 (34.8%) and 2006 to 2008
(23.8%), followed by an increase to 35.8% from 2009
[23]
to 2013 . Resistance to moxifloxacin has increased
continually, from 5.8% in 2003 to 2005, to 23.3%
[23]
in 2006 to 2008, and 37.3% in 2009 to 2013 .
Although these antibiotics all showed resistance rates
> 30%, the eradication rates of the two therapies
tested here were significantly different. This difference
may relate to clarithromycin and metronidazole
double-resistance, the rate of which is 9.6% in Korea
[24,25]
compared with 3.5%-4.3% in Italy
. According to a
[26]
study by Wu et al , patients with double resistance to
clarithromycin and imidazole show significantly lower
eradication rates with sequential therapy. Another
study reported that eradication rates for a particular
regimen can be estimated using the resistance and
[27]
eradication rates for each antibiotic . Based on this
calculation, the treatment failure rate increased in
patients with double resistance to clarithromycin and
metronidazole, with a double resistance rate > 5%
leading to a decrease in eradication rate to < 90%
[27]
in the PP analysis for 14-d sequential therapy . In
addition, many studies have reported that increased
clarithromycin and imidazole double resistance
[28,29]
reduces the efficacy of sequential therapy
. This
may account for the lower eradication rate with hybrid
therapy in the present study. However, as there is no
data to date on double resistance to moxifloxacin and
metronidazole, comparisons with different antibiotics
are difficult. Hence, further studies on this topic are
necessary.

WJG|www.wjgnet.com

The most common adverse effects associated with
moxifloxacin are gastrointestinal disturbances such
[21]
as nausea or diarrhea
with the most common in
this study being epigastric discomfort and bloating/
dyspepsia. The overall incidence of adverse events was
11.8% in the MBST group, significantly lower than the
19.6% in the Hybrid group. All adverse events were
mild to moderate, and none resulted in discontinuation
or disturbance to daily activities.
This study had some limitations. First, an antibiotic
susceptibility test to assess antibiotic resistance was
not performed. Such tests can be difficult to conduct in
[30]
clinical settings due to cost and time constraints . To
overcome this we used data from a study on antibiotic
[23]
resistance with H. pylori conducted at our institution .
Furthermore, to eliminate selection bias, patients were
allocated randomly to ensure antibiotic resistance was
distributed equally between groups. Second, this was
a single-center study with a relatively small number
of subjects. Future multicenter randomized controlled
trials with more subjects are needed to verify the
efficacy of the MBST regimen.
In conclusion, 14-d MBST is more effective and has
fewer adverse effects than 14-d hybrid therapy as a
first-line treatment for H. pylori. We believe that the
high eradication rates, good treatment compliance,
and low rate of adverse events associated with MBST
make it a potential alternative to standard triple
therapy. The efficacy of this therapy should be verified
and its applicability for general use determined through
a large-scale prospective study in comparison with
established first-line therapies.
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Abstract
Unspecific abdominal complaints including bloating
and irregular bowel movements may be caused by
carbohydrate malabsorption syndromes, e.g., lactose
and fructose malabsorption. These symptoms were
investigated with hydrogen (H 2) breath tests and
correlated to carbohydrate malabsorption. During
performing these H2-breath tests the patient presented
with an acute, localized, non-migratory pain in the left
lower abdominal quadrant. Primary epiploic appendagitis
is a rare cause of abdominal acute or subacute
complaints and diagnosis of primary epiploic appendagitis
(PEA) is made when computed tomography reveals a
characteristic lesion. We report on a patient with cooccurrence of lactose and fructose malabsorption,
which was treated successfully with a diet free of
culprit carbohydrates, with PEA recovering without
medication or surgical treatment within few days. Since
the abdominal unspecific symptoms had been present
for months, they appeared not to be correlated to the
acute localized abdominal pain, therefore we speculate
on a random co-occurrence of combined carbohydrate
malabsorption and PEA.
Key words: Carbohydrate malabsorption; Fructose
malabsorption; Lactose malabsorption; Primary epiploic
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appendagitis; Computed tomography
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Core tip: The symptoms of unspecific abdominal
complaints were investigated with hydrogen breath tests
and correlated to lactose and fructose malabsorption.
During performing these H2-breath tests the patient
presented with an acute abdominal pain. Primary
epiploic appendagitis (PEA) is a rare cause of abdominal
acute complaints and diagnosis of PEA is made when
computed tomography reveals a characteristic lesion.
Since the abdominal unspecific symptoms had been
present for months, they appeared not to be correlated
to the acute localized abdominal pain, therefore we
speculate on a random co-occurrence of combined
carbohydrate malabsorption and PEA.
Schnedl WJ, Kalmar P, Mangge H, Krause R, Wallner-Liebmann SJ.
Co-occurrence of carbohydrate malabsorption and primary epiploic
appendagitis. World J Gastroenterol 2015; 21(35): 10242-10245
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i35/10242.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i35.10242

INTRODUCTION
Carbohydrate intolerance is frequently observed in
patients with unspecific abdominal complaints including
[1]
bloating and loose stools . To evaluate symptoms we
investigated digestive disorders including hydrogen
(H2) breath tests in this patient and a combined
carbohydrate, lactose and fructose, malabsorption
was diagnosed. During evaluation acute abdominal
pain occurred and a primary epiploic appendagitis
(PEA) was demonstrated by computed tomography
(CT). PEA is an uncommon, benign inflammatory
process of epiploic appendages which are adipose
[2]
structures protruding from the colon . We report on
a patient with co-occurrence of lactose and fructose
malabsorption with PEA, who recovered with a diet
free of culprit carbohydrates and without medication or
surgical treatment within few days.

CASE REPORT
A 30-year-old male Caucasian patient presented
for evaluation of postprandial epigastric discomfort,
bloating, flatulence, frequent bowel movements and
semisolid stools up to three times per day. Physical
examination and an abdominal ultrasound revealed a
meteoristic abdomen. The patient refused to undergo
gastroscopy. A serum test for Helicobacter pylori
demonstrated 23 U/mL (normal < 20). Antibodies
against tissue transglutaminase were not found. In
addition, hydrogen breath tests for lactose and fructose
intolerance were performed. During breath tests with
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drinks containing 50 g lactose and a 25 g fructose
load the exhalation of H2 was measured every 30 min
for a period of 150 min. These tests demonstrated an
increasing H2-value up to 32 parts per million (ppm)
and 108 ppm, respectively. The diagnosis of lactose
and fructose malabsorption was completed because H2
increased > 20 ppm in both tests. Dietary intervention
showed improvement of symptoms and within few
days of accurate lactose and fructose-free diet the
patient’s epigastric complaints resolved.
During performing these H 2-breath tests the
patient presented with an acute, dull, constant,
localized, non-migratory, movement-intensifying pain
in the left lower abdominal quadrant. An abdominal
CT with intravenous contrast medium was performed
and demonstrated an oval lesion, measuring 2.8 cm
in maximum diameter, with a hyperattenuated rim,
and surrounding fat stranding, located adjacent to
the sigmoid colon. These findings of the inflamed and
thickened visceral peritoneum surrounding the fatcontaining appendage as hyperattenuating ring led to
the diagnosis of PEA (Figure 1A and B). The count of
9
9
leukocytes was 10.4 × 10 /L (normal 4-10 × 10 /L),
and all other routine laboratory parameters, including
C-reactive protein, erythrocyte sedimentation rate and
liver enzymes, were within normal limits.
Within 6 d the patient’s localized pain caused by PEA
resolved without therapy. For therapy of Helicobacter
pylori positive gastritis a French triple therapy with
pantoprazole, clarithromycin and amoxicillin was
suggested. Further recovery was uneventful. After
three months the patient was still symptom-free,
therefore he refused further investigation concerning
Helicobacter pylori infection. Written informed consent
was obtained for all procedures, which were in
accordance with the Declaration of Helsinki and the
recommendations of the local Ethics Committee.

DISCUSSION
Carbohydrate malabsorption, mainly caused by fructose
or lactose malabsorption, is used to describe disease
conditions in which these carbohydrates, due to missing
enzymes, are not broken down during gastrointestinal
passage. In the small intestine, enzymes are aimed to
hydrolyze carbohydrates into monosaccharides, which
are absorbed by various carrier systems. Non-digested
and/or -absorbed carbohydrates result in symptoms
due to complete or incomplete bacterial metabolism of
these carbohydrates in the colon. The clinical symptoms
of carbohydrate malabsorption include flatulence,
bloating, abdominal cramps and pain, diarrhea, and
sometimes even headache, usually after the ingestion
[1]
of a product containing culprit carbohydrates .
Carbohydrate malabsorption is frequent in patients
with these unspecific gastrointestinal complaints
and can cause gastrointestinal symptoms mimicking
irritable bowel syndrome. Combined carbohydrate
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A

B

Figure 1 Longitudinal (A) and transverse (B) abdominal computed tomography with contrast enhancement, demonstrating primary epiploic appendagitis
adjacent to the sigmoid colon.

malabsorption with lactose and fructose malabsorption
was recently demonstrated to occur in 25% of patients
[3]
with carbohydrate malabsorption syndromes .
Due to the lack of pathognomonic clinical features
and awareness, the diagnosis of PEA is difficult and
rare. During the last few years with the introduction
of cross-sectional imaging and the increasing use
of abdominal CT scans for primary evaluation of
[4]
abdominal pain, the recognition of PEA is increasing .
Appendices epiploicae are pouches of subserosal fat
lining the entire length of the colon. PEA is thought to
be a localized sterile inflammation in and surrounding
one epiploic appendage, and to arise primarily from a
torsion causing ischemia and infarction with aseptic fat
necrosis, and spontaneous venous thrombosis. CT is
[5]
the diagnostic modality of choice . Symptoms mainly
include acute and subacute non-migratory abdominal
pain and local tenderness. This abdominal pain is
usually dull, constant, non-migrating, and physical
examination reveals a well-localized tenderness.
Incidence of PEA is not known although most cases
[6]
of PEA are described at the sigmoid colon . It was
suggested that patients treated for mild diverticulitis
may have PEA and it was reported that up to 7% of all
patients clinically suspected of having diverticulitis may
[7]
have PEA .
Carbohydrate intolerance, e.g., lactose and fructose
malabsorption, is frequently observed in patients
with irregular bowel movements including bloating
and loose stools. Although bowel habits are usually
not disturbed in PAE a prevalence of carbohydrate
malabsorption in PEA with up to 30% was suggested.
A diet free of triggering carbohydrates in lactose
and fructose malabsorption causes improvement of
bloating and irregular bowel movements in a high
percentage of patients. Since the abdominal unspecific
symptoms were present for months, they appeared
not to be correlated to the acute localized abdominal
[2,7]
pain, which is present in most patients with PEA .
There is no indication that the H2-tests with high
carbohydrate content may have caused PEA. Therefore
we speculate on random co-occurrence of combined
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carbohydrate malabsorption and PEA. So far we know
of only one case reported on carbohydrate (fructose)
[8]
malabsorption and PEA .
In conclusion, symptoms as bloating and irre
gular bowel movements in patients may be due
to carbohydrate malabsorption and can be treated
effectively with a diet free of culprit carbohydrates.
Recognition of acute and subacute non-migratory
abdominal pain and appropriate diagnosis by CT allows
diagnosis of PEA and usually an outpatient treatment
without medication or surgery is successful within few
[9]
days . In patients with PEA we suggest investigation
of carbohydrate malabsorption if unspecific abdominal
symptoms including irregular bowel movements are
additionally present besides the acute and subacute
non-migratory abdominal pain.

COMMENTS
COMMENTS
Case characteristics

Main symptoms were irregular bowel movements including flatulence, and
bloating caused by carbohydrate malabsorption syndromes, and acute
abdominal pain due to primary epiploic appendagitis (PEA).
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Abstract
Situs inversus totalis (SIT) is a rare anomaly in which
the abdominal and thoracic cavity structures are
located opposite to their usual positions. Occasionally,
patients with this condition are diagnosed with
malignant tumors. We report a case of a 60-yearold woman with gastric cancer and SIT. Laparoscopyassisted distal gastrectomy (LADG) with D2 lymph node
dissection and Billroth Ⅱ anastomosis were performed
successfully on the patient by careful consideration
of the mirror-image anatomy. The operation required
230 min, and no intraoperative complications occurred.
The final pathological report was pT4aN0M0, according
th
to the American Joint Committee on Cancer 7
edition staging guidelines. The postoperative course
was favorable, and the patient was discharged on
postoperative day 8. We believe that this is the first
case of LADG with D2 lymphadenectomy reported in a
SIT patient with advanced gastric cancer.
Key words: Situs inversus totalis; Laparoscopy-assisted
gastrectomy; Gastric cancer; Lymph node dissection;
Laparoscopic surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic surgery in situs inversus totalis
patients with gastric cancer is very rare. We performed
laparoscopy-assisted distal gastrectomy with D2 lymph
node dissection and Billroth Ⅱ anastomosis successfully
in such a patient. We hope to share the experience
of laparoscopic gastrectomy in a situs inversus totalis
patient with this case report.
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INTRODUCTION
Situs inversus totalis (SIT) is defined as the complete
mirror-image transposition of the thoracic and
abdominal viscera. It is a rare congenital condition
[1]
occurring at an incidence of 1:4000 to 1:8000 .
Laparoscopic surgery in SIT patients with gastric
cancer is very rare. Few cases have been reported of
laparoscopy-assisted distal gastrectomy (LADG) for
gastric cancer combined with SIT, and the previous
cases have involved early gastric cancer with D1+
lymph node dissection. Here, we report a case of LADG
with standard D2 lymph node dissection and Billroth Ⅱ
reconstruction for advanced gastric cancer in a patient
with SIT. To the best of our knowledge, our case is the
first case in China.

CASE REPORT
A 60-year-old woman was admitted to our gas
troenterology ward on March 20, 2013, with dull
upper abdominal pain that had persisted for the past
month. Physical examination revealed mild upper
abdominal tenderness. Laboratory investigation
showed a hemoglobin concentration of 9.0 g/dL. SIT
was diagnosed via chest radiography and abdominal
computed tomography (CT). Upper endoscopy
identified a large gastric antrum ulcer (Figure 1), and
low-differentiated adenocarcinoma was diagnosed
based on tissue biopsy. Abdominal CT showed that all
of the organs inside of the abdomen were inversely
positioned and that the wall of the antrum was
thickened, without enlarged lymph nodes, distant
metastasis or an abnormal course of vascularity (Figure
2A and B).
Standard LADG and D2 lymph node dissection
were performed. The surgeon stood on the right side
of the patient (opposite the usual side for surgery at
our hospital). A 10-mm camera port was created at 2
cm below the umbilicus using an open technique, and
pneumoperitoneum was induced using pressure of
up to 12 mm Hg of carbon dioxide. Four trocars were
inserted in the left and right subcostal areas, and in
the lateral abdominal region by the surgeon and the
assistant (Figure 3).
The laparoscopic view showed inversus of the
intraabdominal organs, including the stomach and
spleen (Figure 4A). Dissection was initiated from the
separation of the omentum using ultrasonic shears,
along the border of the transverse colon from the
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Figure 1 Endoscopic imaging of the gastric tumor.

middle to the right side. The position of the spleen
was confirmed, and the left gastroepiploic vessels
were exposed and ligated (Figure 4B). Then, the
omentum was resected at the layer above the anterior
membrane of the transverse colon. After exposure
of the root of the middle colic vein and gastrocolic
trunk, the station No. 14v lymph node, bound by the
inferior edge of the pancreatic head and the anterior
plane of the superior mesenteric vein, was dissected
(Figure 4C). In the pyloric region, the location of the
pancreas was confirmed, and the area between this
region and the mesocolon was cut using ultrasonic
shears to expose and ligate the right gastroepiploic
vein, which was located on the left side. The right
gastroepiploic artery, located on the left side and
bifurcating from the gastroduodenal artery, was then
confirmed and ligated (Figure 4D). Next, the lesser
omentum was dissected. The right gastric artery,
located on the left side and bifurcating from the proper
hepatic artery, was confirmed and ligated, and the
station No. 5 and 12a lymph nodes were resected.
Then, the common hepatic artery was exposed along
the plane of the periarterial plexus. After lymph node
no. 8a was dissected, the coronary vein and left
gastric artery, which were located on the right side,
were ligated, and the station No. 7 and 9 lymph nodes
were successively dissected (Figure 4E). The station
No. 11p lymph node was dissected to the dorsal plane
of the proximal splenic artery. The perigastric lymph
nodes were dissected along the lesser curvature,
up to the esophagogastric junction. Node dissection
was completed, and the duodenum was divided with
a linear stapler. A 5-cm incision was created at the
middle of the epigastric region. Through this small
incision, the stomach was pulled out of the peritoneal
cavity, and the distal two-thirds of the stomach was
resected using a linear stapler. A loop of the jejunum
was brought up to the greater curvature side, and
routine Billroth Ⅱ antecolic gastrojejunostomy was
performed (Figure 4F).
The operation time was 230 min, and the blood loss
was 50 mL. Histopathological examination showed a 7
cm × 5 cm, poorly differentiated adenocarcinoma with
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Figure 3 Sites of trocar placement. A camera was inserted into the
subumbilical area through a 10-mm trocar.

Figure 2 Enhanced abdominal computed tomography imaging. A:
Computed tomography (CT) scan revealing thickening of the wall of the antrum,
without enlarged lymph nodes. B: CT scan showing that all of the organs inside
of the abdomen are inversely positioned.

serosal invasion into the posterior wall of the antrum.
Thirty-five lymph nodes were examined, none of which
showed metastasis (pT4aN0M0, ⅡB according to the
th
American Joint Committee on Cancer, 7 edition). The
postoperative course was favorable, and the patient
was discharged on postoperative day 8. The patient
underwent adjuvant chemotherapy and has had no
recurrence for 2 years.

DISCUSSION
SIT is a relatively rare anomaly that occurs at an
[1]
incidence of 1 in 4000-8000 in the population . This
condition is defined as congenital inverted positioning
of all of the viscera, with mirror image positioning
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relative to their normal locations. It is usually detected
incidentally during radiological examination. Anomalies
of the organs in SIT include the following: a bilobed or
symmetric liver; an absent spleen or the presence of
multiple spleens; malrotation of the gut with abnormal
mesentery; and reversed pulmonary lobulation of
the lungs. Cardiac defects are common, and vascular
abnormalities can involve the inferior vena cava, portal
[2]
vein and hepatic artery . No major abnormalities
were found in our patient. The etiology of SIT remains
obscure, and this condition does not influence normal
health or life expectancy; however, it has important
[2]
surgical implications .
Open surgery for gallstones or acute appendicitis
[3,4]
in SIT patients has been reported . Laparoscopic
surgery has been performed more often in recent
[5,6]
years, including laparoscopic cholecystectomy
,
[7-9]
laparoscopic colectomy
, laparoscopic fundopli
[10]
[11]
cation and laparoscopic gastric band surgery .
Few cases of LADG for gastric cancer combined
with SIT have been reported previously. The first case
report, published in 2003, did not mention the extent
[12]
of lymph node dissection , and D1+ dissection was
performed in the others. The present patient is the first
advanced gastric cancer with SIT to undergo standard
D2 lymph node dissection according to the gastric
cancer treatment guidelines. Our case is likely also the
first case in China.
SIT presents commonly with abnormal vas
cularization of the arteries and veins, and it is
important to confirm the vascular anomalies on
preoperative CT or angiography, particularly for
[13]
laparoscopic surgery . CT did not show any clear
vascular anomalies in the present case.
During LADG of SIT patients, a surgeon and
assistant typically stand on opposite sides of the
patients to perform regular surgery. Only two authors
have reported standing on the usual sides during
[14,15]
[14]
surgery
. Seo et al
reported that the “mirror
image” positioning of the viscera led to confusion with
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Figure 4 Intraoperative findings. A: Laparoscopic view showing inversion of the intraabdominal organs. B: The left gastroepiploic artery located on the right side
was exposed. C: After exposure of the root of the middle colic vein and superior mesenteric vein, station no. 14v lymph node dissection was completed. D: The right
gastroepiploic artery located on the left side, bifurcating from the gastroduodenal artery, was ligated. E: The left gastric artery located on the right side was ligated,
allowing for dissection of station nos. 7 and 9 lymph nodes. F: Billroth Ⅱ reconstruction was performed. SpA: Splenic artery; LGEA: Left gastroepiploic artery; SMV:
Superior mesenteric vein; MCV: Middle colic vein; RGEV: Right gastroepiploic vein; RGEA: Right gastroepiploic artery; GDA: Gastroduodenal artery; CHA: Common
hepatic artery; LGA: Left gastric artery; LGV: Left gastric vein; CT: Celiac trunk.

a surgeon’s hands. In the present case, the surgeon
and assistant stood on opposite sides of the patient
during surgery, which was performed using the usual
procedure by completely ascertaining the anatomical
features, and hand confusion was resolved by the
cooperation of the surgeon and assistant.
As a result, LADG with D2 dissection and Billroth Ⅱ
reconstruction in our patient were completed in 230
minutes with 50 mL of bleeding. Thirty-five lymph
nodes were examined histopathologically. Compared
with previously reported cases, our operation led
to the dissection of a sufficient number of lymph
nodes without any additional blood loss or time.
To prevent surgery-related complications, such as
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intraoperative bleeding or pancreatic injury, knowledge
of the vascular anatomy and procedural caution are
[14]
mandatory .
Laparoscopy-assisted gastrectomy (LAG) for
advanced gastric cancer is performed more widely at
many medical centers. Reports have demonstrated
that LAG accompanied by D2 lymph node dissection
for advanced gastric cancer provides an acceptable
[16]
prognosis . As exemplified by our patient, LAG with
standard D2 lymph node dissection could be used
successfully to treat advanced gastric cancer in SIT
patients by predicting the vascularization based on
preoperative diagnostic imaging and by ascertaining
the anatomy carefully.
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COMMENTS
COMMENTS
Case characteristics

A 60-year-old woman presented with dull upper abdominal pain for the past
month.

3

Clinical diagnosis

A large ulcer was found at the antrum of stomach by gastroduodenal
endoscopy.

4

Differential diagnosis

Gastric ulcer or gastric neoplasm

5

Laboratory diagnosis

Hemoglobin: 9.0 g/dL, with other laboratory values within the normal limits
6

Imaging diagnosis

Computed tomography revealed a localized lesion without regional lymph node
enlargement or distant metastasis, and all of the organs inside of the abdominal
and thoracic cavities were inversely positioned.

Pathological diagnosis

7

8

Histopathological examination showed a 7 cm × 5 cm poorly differentiated
adenocarcinoma with serosal invasion of the posterior wall of the antrum.

Treatment

The patient received laparoscopy-assisted distal gastrectomy (LADG) with D2
lymph node dissection and Billroth Ⅱ anastomosis.

9

Related reports

Very few cases of laparoscopic surgery for gastric cancer combined with situs
inversus totalis (SIT) have been reported in the literature. The previous cases
have involved early gastric cancer with D1+ lymph node dissection. The authors
report a case of LADG with standard D2 lymph node dissection for advanced
gastric cancer in a patient with SIT.

10

11

Term explanation

SIT is defined as congenital inverted positioning of all of the viscera, with mirrorimage positioning relative to their normal locations.

Experiences and lessons

12

Laparoscopy-assisted distal gastrectomy with standard D2 lymph node
dissection can be performed successfully to treat advanced gastric cancer in
SIT patients by predicting vascularization based on preoperative diagnostic
imaging and by ascertaining the anatomy carefully.

13

Peer-review

14

The authors have described the use of laparoscopic surgery to treat a patient
with gastric malignancy with SIT, which is rare and should, therefore, be
reported. The surgical procedure was performed successfully because of the
elaborate preparation and perfect cooperation of the surgeons.

15
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after withdrawal of lamivudine prophylaxis. When
HBV reactivation was observed three months after
lamivudine withdrawal, entecavir 0.5 mg daily was
4
started. HBV DNA level was moderately elevated (10
copies/mL) at that time. So, we could not understand
why a potent antiviral like entecavir was required for
this case. In addition to this, entecavir must be used
at a dose of 1 mg in patients with prior prophylactic
treatment with lamivudine. As stated by Tuna et al
duration of lamivudine prophylaxis in this case might be
insufficient and HBV reactivation might have occured
for this reason. So, we suppose that resolution of HBV
reactivation might also be achieved with lamivudine
instead of entecavir in this case.
Key words: Immunochemotherapy; Hepatitis B reac
tivation; Antiviral prophylaxis; Lamivudine; Entecavir
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lamivudine is used for the prevention of
hepatitis B virus (HBV) reactivation in patients receiving
immunochemotherapy. Following cessation of lamivudine
prophylaxis, HBV reactivation can be observed because
of insufficient duration of prophylaxis. If HBV DNA is
moderately elevated at that moment, prophylaxis may
be continued with lamivudine instead of entecavir.
Gozdas HT, Arpaci E. Use of entecavir in hepatitis B virus
reactivation of a patient with non-Hodgkin’s lymphoma. World J
Gastroenterol 2015; 21(35): 10251-10252 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i35/10251.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i35.10251

Abstract
We read with interest the case report by Liu et al
and the correspondence by Tuna et al regarding
this case. Liu et al described hepatitis B virus (HBV)
reactivation in a patient with non-Hodgkin’s lymphoma
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We read with interest the case report by Liu et al
[2]
and the correspondence by Tuna et al regarding this
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Gozdas HT et al . Entecavir use in HBV reactivation
[1]

case. Liu et al described HBV reactivation in a patient
with non-Hodgkin’s lymphoma after withdrawal of
lamivudine prophylaxis. We agree with the opinions
[2]
of Tuna et al regarding the timing and duration of
antiviral prophylaxis against hepatitis B. However, we
also have some additional comments on this case.
Lamivudine was used in this case for a total of
eight months (during immunochemotherapy that
lasted four months and an additional four months
following the end of immunochemotherapy). When
HBV reactivation was observed three months after
lamivudine withdrawal, entecavir 0.5 mg daily was
started. HBV DNA level was moderately elevated
4
(10 copies/mL) at that moment. So, we could not
understand why a potent antiviral like entecavir was
required for this case.
In addition to this, entecavir must be used at
a dose of 1 mg in patients with prior prophylactic
[3]
treatment with lamivudine . Although entecavir was
used at a dose of 0.5 mg in this case, resolution of HBV
reactivation was observed. Since the case received

prior lamivudine prophylaxis for only eight months
and resolution of HBV reactivation was achieved with
entecavir 0.5 mg, lamivudine resistance seems to
[2]
be very unlikely. As stated by Tuna et al duration
of lamivudine prophylaxis in this case might be
insufficient and HBV reactivation might have occured
for this reason. So, we suppose that resolution of HBV
reactivation might also be achieved with lamivudine
instead of entecavir in this case.
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Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
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Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
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Abstract
Cirrhosis occurs as a result of various chronic liver
injuries, which may be caused by viral infections,
alcohol abuse and the administration of drugs and
chemicals. Recently, bone marrow cells (BMCs),
hematopoietic stem cells (HSCs) and mesenchymal
stem cells (MSCs) have been used for developing
treatments for cirrhosis. Clinical trials have investigated
the therapeutic potential of BMCs, HSCs and MSCs for
the treatment of cirrhosis based on their potential to
differentiate into hepatocytes. Although the therapeutic
mechanisms of BMC, HSC and MSC treatments are
still not fully characterized, the evidence thus far has
indicated that the potential therapeutic mechanisms
of MSCs are clearer than those of BMCs or HSCs with
respect to liver regenerative medicine. MSCs suppress
inflammatory responses, reduce hepatocyte apoptosis,
increase hepatocyte regeneration, reverse liver fibrosis
and enhance liver functionality. This paper summarizes
the clinical studies that have used BMCs, HSCs and
MSCs in patients with liver failure or cirrhosis. We also
present the potential therapeutic mechanisms of BMCs,
HSCs and MSCs for the improvement of liver function.
Key words: Cirrhosis; Cell therapy; Bone marrow cells;
Mesenchymal stem cells; Hematopoietic stem cells;
Immune-modulation; Trophic factors; Anti-fibrosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mesenchymal stem cells (MSCs) are
considered to be a potential therapeutic agent for
the treatment of cirrhosis because of their potential
to differentiate into hepatocytes, their immunemodulatory properties and their ability to secrete
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trophic factors. Nevertheless, several issues, including
the fibrogenic potential of MSCs and their ability to
promote pre-existing tumor cell growth, must be
carefully considered.
Eom YW, Kim G, Baik SK. Mesenchymal stem cell therapy for
cirrhosis: Present and future perspectives. World J Gastroenterol
2015; 21(36): 10253-10261 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i36/10253.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i36.10253

INTRODUCTION
Cirrhosis is the end stage of chronic liver disease,
which may lead to severe hepatic dysfunction and
even life-threatening conditions. Currently, liver
transplantation is the only curative remedy for end[1]
stage cirrhosis , but this treatment is associated with
many problems, such as donor shortage, surgical
complications, immunological rejection and high
[2]
medical costs. In 2000, Theise et al reported that Y
chromosome-positive hepatocytes were observed in
autopsied women who had received therapeutic bone
marrow transplantations from male donors, which
implies the existence of pluripotent stem cells among
bone marrow cells. Since then, attention has been
focused on bone marrow cells as a cell source for liver
[3-9]
regenerative therapies . As of December 16, 2014,
more than 216 clinical trials had been registered or
were in proof when ClinicalTrials.gov was searched
for the terms “stem cells AND liver diseases”. Bone
marrow contains both hematopoietic stem cells (HSCs)
and mesenchymal stem cells (MSCs), which can
differentiate into hepatocyte-like cells both in vitro and
in vivo. Recently, MSCs have also been isolated from
adipose tissue, umbilical cord blood, peripheral blood,
[10-15]
brain, lung, liver, dermis, and skeletal muscle
. This
paper summarizes the clinical studies that have used
unsorted bone marrow cells (BMCs), HSCs and MSCs
in patients with liver failure or cirrhosis and presents
the potential therapeutic mechanisms proposed for
these cell types.

CELL THERAPY FOR CIRRHOSIS
Cell therapies for liver disease can be broadly
classified into bio-artificial liver devices that contain
hepatocytes or the direct infusion of cells. Bio-artificial
liver devices have been used in patients with acute
liver failure. Regarding direct infusion, cells such as
primary hepatocytes, BMCs, HSCs and MSCs have all
been used. Of these cell types, the transplantation of
hepatocytes has been shown to be unsuitable because
human hepatocytes are difficult to obtain and because
it is difficult to maintain their viability and function
when they are cryo-preserved or cultured in vitro.

WJG|www.wjgnet.com

Therefore, bone marrow-derived cells (i.e., BMCs,
HSCs and MSCs) appear to be viable alternatives.
Because stem cells present among BMCs are known
to differentiate into hepatocytes, clinical studies have
used both unsorted BMCs and stem cells (i.e., HSCs
and MSCs) isolated from BMCs.

Unsorted autologous BMC infusion

The infusion of autologous BMCs into the hepatic
artery or the peripheral veins of patients with cirrhosis
has been reported to be safe and feasible. Moreover,
the infusion of autologous BMCs increases the serum
[16-23]
albumin level and improves liver function
. Terai et
[24]
al
reported that the infusion of BMCs repopulated
the damaged liver and differentiated into albuminproducing hepatocytes in a mouse model of chronic
liver injury induced by continuous administration of
carbon tetrachloride (CCl4). These authors also showed
that the infusion of BMCs elevated the levels of matrix
metalloproteinase (MMP)-2, MMP-9 and MMP-14,
reduced liver fibrosis and improved the survival
[25-28]
rate
. Currently, MMPs are considered beneficial
factors associated with a reduction in liver fibrosis, and
several reports have indicated that adenoviral delivery
of MMPs into the liver ameliorates experimental
[29-31]
cirrhosis
. However, the therapeutic mechanism of
BMC infusion remains controversial. Several studies
have suggested that hematopoietic cells among BMCs
may generate hepatocyte-like cells, whereas others
have hypothesized that they act primarily by fusion
[32-35]
with hepatocytes or through a paracrine effect
. To
generate a greater beneficial effect of BMC infusion,
granulocyte-colony-stimulating factor (G-CSF) has
been used to mobilize BMCs (monitored by the number
+
[36]
of CD34 cells) into the peripheral blood .

HSC transplantation

HSCs can be isolated from the bone marrow or
peripheral blood after the administration of G-CSF,
+
which induces the mobilization of CD34 cells into
the peripheral blood. HSCs express hematopoietic
[37-39]
markers
, such as c-kit, Sca-1, Thy-1, CD34, CD45
and CD133, and can differentiate into hepatocytes.
Gordon and colleagues reported that the infusion of
+
CD34 cells isolated from the peripheral blood after the
administration of G-CSF via the hepatic artery or portal
[40]
vein improves the level of serum albumin . Moreover,
[41]
Pai et al
reported that the autologous infusion of
+
expanded mobilized CD34 cells improves the level of
serum albumin and the Child-Pugh score. However,
the therapeutic mechanism by which HSC infusion
ameliorates liver damage remains unclear, although
some authors have proposed that infused HSCs can
differentiate into hepatocytes through cell fusion or
[32-35]
through a paracrine effect
.

MSC transplantation

More recently, clinical studies using bone marrow-
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derived MSCs have been conducted. MSCs have
several advantages over other cell types, such as their
relatively simple acquisition and strong proliferative
capacity. Moreover, a sufficient number of MSCs
required for clinical trials may be expanded ex vivo,
without a loss of differentiation or proliferation
potential, and then cryo-preserved until needed.
Therefore, MSCs can be injected repeatedly without
a concomitant loss of their viability and function. In
one study, autologous bone marrow-derived MSCs
were infused through the peripheral veins of 4 patients
with decompensated cirrhosis. No side effects were
observed, and the Mayo End-Stage Liver Disease
(MELD) score was improved in half of the patients.
Furthermore, the quality of life for all four patients
[42]
improved by the end of the follow-up period .
[43]
Kharaziha et al also reported improved liver function
in patients with cirrhosis who were injected with
autologous MSCs via the peripheral or portal veins. In
[44]
another study, Jang et al demonstrated the beneficial
effects of transplanting autologous bone marrow MSCs
for the treatment of alcoholic cirrhosis. MSCs (5 ×
7
10 cells) were injected into the hepatic artery twice
at weeks 4 and 8. According to the Laennec fibrosis
system, histological improvement was observed in 6 of
the 11 patients (54.5%).
We conducted a systematic review to evaluate the
safety, feasibility and effects of MSC therapy in patients
with liver disease and to explore possible future
directions (Table 1). We searched the OVID-Medline,
EMBASE and Cochrane library databases for studies
published through November 2014 to identify studies
in which MSC therapy was administered to patients
with liver disease. The main search strategy combined
the terms that indicated MSC and liver disease. The
methodological quality of the studies was assessed
with the SIGN (Scottish Intercollegiate Guidelines
Network) checklist. Two authors independently
extracted the studies with predefined data fields
and included indicators of study quality. Of the 568
studies identified, 14 were eligible for inclusion. These
studies evaluated a mean sample size of 32 patients
and a mean follow-up of 11.6 mo. The publication
year of the studies ranged from 2007 to 2014. The
majority of the study designs were small singlecohort studies, clinical trials, or case control studies.
Overall, the study quality was moderate or poor. Most
of the studies used bone marrow-derived MSCs, and
3 used umbilical cord-derived cells. The majority of
the studies used the peripheral route, two used the
hepatic artery, one used the portal vein, and one
used the intrasplenic route for cell delivery. One study
compared the administration of cells by intrasplenic
injection and by peripheral administration, whereas
another investigation compared the intrasplenic and
intrahepatic administration of cells. Although marked
heterogeneity was observed among studies with
respect to the injection dose, cell source, delivery
route and study design, MSC therapy was shown
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to be safe and feasible. The majority of analyzed
studies demonstrated improved liver function, which
was measured by biochemical outcome, changes in
liver function or associated prognostic indicators. The
bilirubin, albumin, aspartate aminotransferase [AST,
serum glutamic oxaloacetic transaminase (SGOT)),
alanine aminotransferase [ALT, serum glutamic
pyruvic transaminase (SGPT)], MELD, Child-Pugh and
histological scores (Laennec system) demonstrated a
statistically significant improvement in 9/10, 11/11,
7/8, 9/9, 8/8, 4/4 and 1/1 studies, respectively.
Additionally, critical adverse events or complications
were not observed in any of the studies. Hence,
although MSC therapy is a much-needed possibility for
treating liver disease, further robust clinical trials and
evidence regarding the preferred source of cells, dose
and route of delivery are required.

POSSIBLE THERAPEUTIC MECHANISMS
OF BMCS, HSCS AND MSCS FOR
CIRRHOSIS
Although cell therapy for cirrhosis has demonstrated
that BMCs, HSCs and MSCs can improve liver
function and deliver beneficial effects in terms of
liver regeneration, the therapeutic mechanisms
responsible for these effects are still far from being
fully characterized. Several mechanisms by which
these cells might contribute to liver regeneration
have been proposed, including their differentiation
into hepatocytes, their fusion with endogenous
hepatocytes and a proliferative paracrine effect on
[32,34,45-47]
hepatocytes
.

Unsorted autologous BMCs
[46]

Terai et al
demonstrated that BMCs could diffe
rentiate into albumin-producing hepatocytes in a
mouse model of chronic liver injury. These authors
also showed that the infusion of BMCs caused an
elevation in the levels of MMP-2, MMP-9 and MMP-14,
[25,26]
which was associated with reduced liver fibrosis
.
Furthermore, MSCs present among cultured BMCs may
[17]
represent candidates for treating cirrhosis . However,
[48]
Thomas et al
reported that macrophages among
BMCs were beneficial for repairing cirrhosis. Indeed,
macrophages, cells of hematopoietic origin, are known
to play a critical role in the regulation of liver fibrosis
[48,49]
in murine models
. Furthermore, the intravenous
administration of autologous BMCs caused hepatic
homing of the injected cells, which suggests that this
easy, safe route may represent an adequate option for
[25,50]
BMC infusion in patients with cirrhosis
.

HSCs

Although HSCs can differentiate into hepatocytelike cells under specified culture conditions in vitro
[24,51-54]
or in animals with liver injury
, controversy still
exists concerning the therapeutic mechanisms by
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2011

Amer et al[23]

Egypt

Egypt

China

China

Egypt

China

China
China

Iran
Egypt

Iran

South
Korea
Sweden

Egypt

RCT

Clinical
trials
Cohort

Cohort

MSC 50.5 ± 4.1
Control (45-55) ± 3.6

MSC 48.0 ± 7.4
Control 51.6 ± 7.2

MSC 42.19 ± 10.80
Control 42.22 ± 11.37

30-60
(50)
Intrasplenic
48.50 ± 11.09
Peripheral
50.83 ± 6.88
(1) MSC 24-59
(2) Control 26-62

33-58 (40)
(1) MSC: 48
(2) Control: 47

34-56 (47.3)
(1) MSC 50.27 ± 6.05
(2) Control 50.9 ± 7.23

42-60
(51.3 ± 6.2)
37-60
(50 ± 8)
38-67
(55.63)
MSC 43.1 ± 17.6
Placebo 34.6 ± 13.8

n = 43 (M:F = 35:8)
MSC (n = 24)
Control (n = 21)
n = 158 (M:F=149:9)
MSC (n = 53)
Control (n = 105)
n = 25 (M:F=19:6)
MSC (n = 15)
Control (n = 10)
n = 40 (M:F=33:7)
MSC (n = 20)
Control (n = 20)

n = 12 (M:F = 8:4)
intrasplenic (n = 6)
peripheral (n = 6)

n = 25 (M:F = 13:12)
MSC (n = 14)
Placebo (n = 11)
n = 4 (M:F = 1:3)
n = 40 (M:F = 33:7)
(1) MSC (n = 20)
(2) Control (n = 20)
n = 7 (M:F=1:6)
n = 45 (M:F = 40:5)
(1) MSC (n = 30)
(2) Control (n = 15)
n = 10 (M:F=1:9)

n = 8 (M:F = 4:4)

n = 11 (M:F = 10:1)

n = 20 (M:F = 14:6)

Sample size

6

6

45 (195 wk)

18

6

12

12
12

12
6

12

6

45

6

Follow-up
(mo)

Hepatic artery

Intrasplenic

Injection route
A mean of
10 × 106
5 × 106

Dose (cells/kg)

Bone marrow

Bone marrow

Bone marrow

Umbilical cord

Bone marrow

Bone marrow

Umbilical cord
Umbilical cord

1) Intrasplenic
2) Intrahepatic

Peripheral vein

Hepatic artery

Peripheral vein

Intrasplenic
Peripheral vein

Peripheral vein

Peripheral vein
Peripheral vein

2 × 107

1 × 106

3.4 × 108-3.8 × 108

0.5 × 106

1 × 108/5 mL

0.5 × 106
0.5 × 106

Portal vein (n = 6) or
3 × 107-5 × 107
Peripheral vein (n = 2)
Bone marrow
Peripheral vein
Median of 1.95
× 108 (range:
1.2-2.95)
Bone marrow
Peripheral vein
(5.2 ± 0.63) × 109
Bone marrow
Peripheral vein
1 × 106
Bone marrow

Bone marrow

Bone marrow

Cell source

I

I

I

I

I

I

NR
I

I
I

I

I

I

I

Main outcome

None

None

None

None

None

None

None
None

None
None

None

None

None

None

[32,33,55]

Side effects or
complications

which HSCs contribute to hepatocyte regeneration or liver repair. Some authors have proposed that conversion to hepatocytes may occur via cell fusion in vivo
.
Other possible explanations for target organ regeneration and improvements in function include the activation of endogenous hepatic progenitor cells and the release
[33,56]
of vascular endothelial growth factor (VEGF), which would increase the blood supply to the cells and aid in the repair of the damaged tissue
. It has also been
suggested that HSCs may act in a regenerative capacity simply through upregulating the expression of the B-cell leukemia/lymphoma-2 gene (Bcl-2), which would

RCT

Case control

Case control

Case control

RCT

Cohort

Clinical trial
Case control

Case series
RCT

I: Improved; NR: Not reported; None: Not observed.

2012

El-Ansary et al[92]

2011

2013
2012

Wang et al[86]
Zhang et al[87]

Peng et al[91]

2007
2014

Mohamadnejad et al[42]
Salama et al[85]

2012

2013

Mohamadnejad et al[84]

Shi et al[90]

2009

Kharaziha et al[43]

2010

2014

Jang et al[44]

El-Ansary et al[89]

2013

Publication Country Study design
Mean age (yr)
year
range (mean ± SD)

Amin et al[83]

Ref.

Table 1 Summary of the clinical studies that have used mesenchymal stem cells in patients with cirrhosis
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Mesenchymal stem cells

Trophic
factors

Hepatocytes
Immune cells
Hepatic stellate cells
Immune-modulation

Inhibition of
proliferation
Inhibition
of collagen
synthesis

Trans-differentiation

Induction of
apoptosis

Trophic factors

+

+

+

+

Anti-fibrosis

Proliferation of resident
hepatocytes
Differentiation of hepatic
progenitor cells

Figure 1 Potential role of mesenchymal stem cells in cirrhosis. Potential protective mechanisms of mesenchymal stem cells (MSCs) include the following: (1)
trans-differentiation into hepatocyte-like cells; (2) suppression of immune reactions; (3) secretion of trophic factors to suppress activated hepatic stellate cells and
to increase the proliferation of both resident hepatocytes and hepatic progenitor cells; and (4) anti-fibrotic action that results from the regulation of activated hepatic
stellate cells and immune cells. Solid lines and dashed lines indicate stimulatory and inhibitory modifications, respectively. The + sign represents tentative stimulatory
effects. The shadows represent extracellular matrix (ECM) that is secreted from hepatic stellate cells.
[57,58]

suppress apoptosis
, and downregulating immune
responses in the diseased organ via the interleukin-6
[59]
(IL-6) pathway .

MSCs

Recently, several studies have emphasized the critical
importance of cell types other than hepatocytes, such as
macrophages, hepatic stellate cells and lymphocytes,
[60-62]
in the regulation of liver regeneration
. Moreover,
unbalanced immune cell populations or infiltration of
the liver by immune cells can disrupt the immuneprivileged state of the liver, which may cause liver
injury or fibrosis. Accumulating evidence indicates that
the therapeutic mechanisms of MSC treatments are
better defined than those of BMCs or HSCs in terms
of liver regeneration (Figure 1). For instance, MSCs
can differentiate into hepatocyte-like cells both in
[63-65]
vitro and in vivo
and can secrete trophic factors,
including growth factors, cytokines and chemokines,
which promote the regeneration of the impaired liver.
Trophic factors expressed by MSCs are known not only
to reduce the inflammation, apoptosis and fibrosis of
damaged tissues but also to stimulate angiogenesis
[66-68]
and tissue regeneration
. Moreover, trophic
factors [i.e., IL-10, hepatocyte growth factor (HGF),

WJG|www.wjgnet.com

transforming growth factor-beta 3 (TGF-β3) and tumor
necrosis factor alpha (TNF-α)] secreted by MSCs inhibit
the proliferation of hepatic stellate cells and decrease
[69,70]
collagen synthesis
. In addition, MSCs have
immune-modulatory properties and are able to migrate
to damaged tissues. MSCs can also express various
soluble factors, such as nitric oxide (NO), prostaglandin
E2 (PGE2), indoleamine 2,3-dioxygenase (IDO),
IL-6, IL-10 and human leukocyte antigen G (HLA-G).
These soluble factors regulate the proliferation and
functions of a variety of immune cells, and they have
[71]
also been shown to induce regulatory T (Treg) cells .
The beneficial effects of autologous bone marrow MSC
transplantation in patients with cirrhosis are listed in
Table 1.

FUTURE PERSPECTIVES
For patients with cirrhosis, autologous BMCs, HSCs
or MSCs may be excellent candidates for use in cell
therapies to stimulate the production of functional
hepatocytes that can replenish diminished liver
function. However, it is uncertain whether these cells
can differentiate into hepatocytes in vivo at a clinically
useful and stable level because the trans-differentiation
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of BMCs, HSCs or MSCs into hepatocytes has not
[72]
been commonly observed in animal models . In
addition, it is difficult to distinguish trans-differentiated
hepatocytes from resident hepatocytes in patients.
Nevertheless, the beneficial effects of these cells have
been reported in patients with cirrhosis. Several critical
issues in clinical trials require further investigation,
such as the optimal cell type for infusion, the optimal
therapeutic timing, the most effective number of cells,
the best route of administration and the optimal period
or number of injections. Before these issues can be
solved, we must consider what types of cells among
the bone marrow cells are primarily responsible for
liver regeneration. Accumulating evidence has revealed
that resident stem cells (i.e., HSCs and MSCs)
among the bone marrow cells may differentiate into
hepatocytes and improve liver function. Of the different
types of stem cells, MSCs can be easily isolated due
to their plastic and adhesive properties, and they can
be expanded to a sufficient cell number for clinical
application without a loss of stemness. In addition, the
length of survival of the engrafted cells is important
to achieve a sustained efficacy. To detect the infused
cells in many pre-clinical animal studies, human
cells have been observed by immunohistochemical
[73-75]
analysis using human-specific markers
; however,
for clinical translation, more sophisticated techniques
will be required to identify and follow the fates of the
injected cells. For instance, infused cells can be labeled
with superparamagnetic iron oxide nanoparticles or
reporter genes, which may allow them to be traced
[76-80]
with advanced imaging technologies
. Because
nanoparticles or reporter genes can modify the
properties of cells, biomarkers specific to the injected
cells, as well as other identifiers that do not cause cell
damage, must be developed, even if the development
of such tools requires an extended period of time.
In addition, the transplantation of BMCs, HSCs and
MSCs is considered safe and has been widely tested
in clinical trials in individuals with liver diseases with
encouraging results. However, the development of
cell therapy for cirrhosis requires larger clinical studies
to obtain meaningful insights into the safety and
[81,82]
clinical efficacy of cell infusion
. This is especially
true in the case of MSC transplantation, for which
reports on the efficacy of MSCs are controversial and
are dependent on the research group; however, we
expect that issues concerning the efficacy of these
cells will be resolved in the near future by a large
multicenter randomized clinical trial that is currently
being conducted in Korea. Moreover, multicenter
international clinical studies on the safety and efficacy
of MSC treatments for cirrhosis can help clinicians
reach a consensus regarding the treatment of liver
fibrosis, which will ultimately improve the prognosis of
patients.

been suggested as an effective strategy for patients
with cirrhosis. Accumulating evidence has revealed
that the potential therapeutic mechanisms of MSC
treatments are better defined than those of BMCs
or HSCs in terms of liver regenerative medicine.
Furthermore, MSCs are considered a potential agent
for treating cirrhosis because of their potential to
differentiate into hepatocytes, as well as their immunemodulatory properties and their ability to secrete
trophic factors. Nevertheless, several issues, including
those that involve the fibrogenic potential of MSCs and
their ability to promote pre-existing tumor cell growth,
must be carefully considered.
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Abstract
The natural history of cirrhosis varies and therefore
prognostic prediction is critical given the sizable
patient population. A variety of clinical prognostic
indicators have been developed and enable patient risk
stratification although their performance is somewhat
limited especially within relatively earlier stage of
disease. Molecular prognostic indicators are expected
to refine the prediction, and potentially link a subset
of patients with molecular targeted interventions
that counteract poor prognosis. Here we overview
clinical and molecular prognostic indicators in the
literature, and discuss critical issues to successfully
define, evaluate, and deploy prognostic indicators as
clinical scores or tests. The use of liver biopsy has
been diminishing due to sampling variability on fibrosis
assessment and emergence of imaging- or lab testbased fibrosis assessment methods. However, recent
rapid developments of genomics technologies and
selective molecular targeted agents has highlighted
the need for biopsy tissue specimen to explore and
establish molecular information-guided personalized/
stratified clinical care, and eventually achieve “precision
medicine”.
Key words: Cirrhosis; Gene expression; Prognosis;
Hepatocellular carcinoma; Biomarker
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Molecular-based prediction of prognosis in
liver cirrhosis is coming of age with the emergence
of clinically applicable genomic assays, which are
expected to further refine clinical indicator-based
prognostication. Such biomarkers could also guide
individualized molecular targeted therapeutic and/or
preventive interventions to improve patient prognosis in
the near future.
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INTRODUCTION
The prevalence of cirrhosis has been estimated at
[1,2]
0.3% in the United States and in Western Europe ,
[3,4]
and 1% to 2% globally . Major etiologies of liver
disease leading to cirrhosis are hepatitis C virus
(HCV), hepatitis B virus (HBV), non-alcoholic fatty liver
disease (NAFLD), and alcohol-related liver disease
(ALD). Cirrhosis is an increasing cause of morbidity
and mortality worldwide. According to the most recent
assessment of global burden of disease, cirrhosis was
estimated to cause over 1.2 million deaths globally
in 2013, or 2% of total deaths, an increase of 47%
[5]
compared to 1990 . In addition, when ranked for
global years of life lost, the rank of cirrhosis rose from
th
th
18 to 13 between 1990 and 2013. Cirrhosis is also
strongly associated to hepatocellular carcinoma (HCC)
development, the most common cause of primary liver
cancer, which was estimated to claim an additional
[5]
800000 deaths worldwide in 2013 .
Although cirrhosis has a clear case definition, its
prognosis ranges widely from a one-year mortality
of 1% per year in well-compensated cirrhotics
without signs of portal hypertension to up to 57%
1-year mortality in decompensated cirrhotics with
a gastrointestinal bleed, which require intensive
[6]
and costly medical care . The high mortality of
advanced cirrhosis and high global prevalence of
cirrhosis have highlighted the necessity to further
refine our capacity to predict prognosis. This has led
to numerous attempts to identify clinical prognostic
indicators that could help the clinician in guiding
decision-making and allotting limited resources,
such as liver transplantation, to cirrhotics who need
them most. Molecular prognostic markers have been
explored, although few are successfully validated and
incorporated into clinical practice.
In this review, we overview the natural history of
cirrhosis in the context of prognosis prediction, identify
key clinical and molecular prognostic predictors in
cirrhotic subjects, discuss potential applications,
challenges in the development, and conclude by
discussing future perspectives of molecular prognostic
biomarkers.

Natural history and
pathogenesis of cirrhosis
Clinically, cirrhosis gradually progresses towards
more advanced stages associated with increased
morbidity and mortality. In the initial, asymptomatic,
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compensated cirrhosis stage, portal pressure is
under the threshold to develop esophageal and other
varices and hepatic venous pressure gradient (HVPG)
[6,7]
is generally below 10 mmHg . As the liver disease
progresses, portal pressure increases, protein synthetic
function is reduced resulting in the development of
ascites, portal hypertensive hemorrhage, hepatic
encephalopathy and/or jaundice. The occurrence of
any of these complications signals the transition to
a decompensated phase, generally initially indicated
[6,8,9]
by the development of ascites
. The rate of
progression from a compensated to a decompensated
stage has been estimated to be approximately 5%-7%
per year and survival decreases sharply from a median
survival of over 12 years in compensated disease to
[6]
approximately 2 years in decompensated cirrhosis .
Further progression of liver disease and increase of
portal pressure and HVPG above 16-20 mmHg often
leads to severe complications of cirrhosis such as
refractory ascites, bacterial infection, recurrent variceal
hemorrhage, hepatorenal syndrome and, without
therapy, invariably death. An approach to standardize
the clinical classification of cirrhosis severity has
suggested four clinical stages, from stage 1 which
encompasses cirrhotic patients with no ascites and no
esophageal varices and a very low mortality to stage 4
characterized by gastrointestinal bleeding and a high
[6]
mortality of over 50% at 1 year .
Cirrhosis is also a major risk factor for HCC
development. The risk of developing HCC in cirrhosis
depends largely on the underlying condition,
reaching 5-year cumulative risks of 17%-30% in
HCV cirrhosis, 21% in hemochromatosis, 8%-12% in
[10-12]
alcoholic cirrhosis but only 4% in biliary cirrhosis
.
Importantly, HCC can also occur on the background
of non-cirrhotic liver, especially in the context of
chronic HBV infection and, increasingly recognized,
[13]
non-cirrhotic NAFLD . Prediction of HCC risk in
liver disease remains an ongoing challenge requiring
improvement in current stratification of HCC risk
across multiple etiologies of liver disease.
Cirrhosis is the end-stage manifestation of
hepatic fibrosis, as characterized histologically by
the formation of regeneration parenchymal nodules,
separated by fibrotic septa and associated with major
[14,15]
distortion in vascular architectural
. Fibrosis is a
ubiquitous pathological process, resulting from cellular
and molecular responses triggered by an injury,
ultimately leading to parenchymal scarring and organ
[16]
dysfunction . Fibrogenesis accounts for substantial
morbidity and mortality as it can affect virtually
any organ system including cardiac, hepatic, renal,
pancreatic and pulmonary organ systems. Fibrosis
stage was reported to be associated with step-wise
increase of annual HCC incidence in HCV-infected
[17]
individuals . The histological alterations leading to
hepatic fibrosis and cirrhosis result in architectural
vascular alterations such as angiogenesis, vascular
occlusion leading to parenchymal extinction, major
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microvascular changes and formation of intrahepatic
shunts. Increased resistance to portal blood flow and
splanchnic vasodilatation mediated through increased
NO and reduced response to vasoconstrictors are
major factors leading to portal hypertension and
ensuing complications such as ascites and variceal
bleeding.
Chronic damage to hepatocytes or biliary epithe
lium leads to a release of inflammatory and fibrotic
mediators such as reactive oxygen species, cell
[15]
death signals, hedgehog ligands and nucleotides .
A complex series of mechanisms centering on the
hepatic stellate cell, mediated through intracellular
inflammasome activation, the nuclear receptor
family, such as farsenoid-X-receptor, peroxisome
proliferator-activated receptors and others, and
other transcriptional events contribute to stellate
cell activation. Autophagy was recently identified to
play a role in providing energy for the activation of
hepatic stellate cells and the autophagic response
has also been linked to endoplasmic stress and
[18,19]
the unfolded protein response
. Interestingly,
dietary fat composition and an altered microbiome
has been linked to increased fibrogenic potential
in animal models, possibly mediated by pathogenassociated molecular signaling such as activation of
[20]
toll-like receptors . The activated hepatic stellate
cell promotes liver scarring through proliferation,
contractility, fibrogenesis, matrix degradation and
inflammatory signaling. A number of inflammatory
and immune cell interactions perpetuate the activation
or inhibition of stellate cell activation including
hepatocytes, liver progenitor cells, Kuppfer cells,
endothelial cells, platelets, and infiltrating immune
[15]
cells through a wide variety of mediators .
It is important to note that until recently, fibrosis
and cirrhosis were deemed irreversible however this
perception has been evolving with reports of fibrosis
and cirrhosis regression after control of the underlying
hepatic insult, such as treatment of chronic hepatitis
[21,22]
C or B
. Identifying subjects at higher risk of
progressive disease and HCC risk despite correction of
the underlying etiology of liver disease is becoming an
important unmet need in the era of highly efficacious
[23]
therapies for HCV .
Considering the high prevalence of cirrhosis,
more than 630000 adults in the United States alone
[1]
according to recent population-based estimations ,
the population that requires monitoring and screening
in compliance with clinical guidelines is huge and
likely unmanageable. For instance, despite guidelines
[24]
recommending HCC surveillance in cirrhotics ,
most patients at risk of HCC in the United States do
not receive recommended regular surveillance. Only
12% of cirrhotic HCV patients had routine annual
surveillance in one United States Veterans Affairs
series and only 2% of HCV patients who developed
HCC had previous appropriate screening in another
[25,26]
series
. Additionally, in a population-based United
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States study, less than 20% of patients with cirrhosis
[27]
who developed HCC received regular surveillance .
With the emergence of non-invasive tools to diagnose
cirrhosis such as elastography, the burden of regular
monitoring and HCC surveillance is increasing and
overtaxing currently available medical resources.
Thus, prognostic indicators for cirrhosis are urgently
needed to enable effective clinical management of the
[23]
patients .

Clinical prognostic systems
A number of non-invasive and invasive clinical markers
and systems have been proposed and some of them
are clinically well established to assess prognosis in
liver disease, in particular, cirrhosis (Table 1). Although
a number of risk scores have been developed for
acute conditions in cirrhotic subjects, such as acute[28]
[29]
on-chronic liver failure
or variceal hemorrhage ,
we do not consider these scores in this review as
molecular stratification of prognosis in these acute
conditions probably still has limited value. Cirrhosis
severity is clinically manifested as impaired normal
liver function, and readily available clinical symptom
and laboratory variable-based prognostic systems
have been used to prognosticate cirrhotic patients
to guide indication of interventional therapies
such as transection for esophageal varices and/or
allocation of medical resources such as donor livers
for transplantation. One of the earlier attempts to
develop an objective measure, the Child-TurcottePugh (CTP) score, adopted in the US in 1998 for
liver transplantation allocation was later replaced
by the model for end-stage liver disease (MELD) in
2002 due to less objectivity of the clinical symptom
variables in the CTP score and insufficient validation of
[30,31]
prognostication on the transplantation waiting list
.
The MELD score, consisting of bilirubin, creatinine,
and INR, was initially developed as a prognostic
tool in cirrhotic patients undergoing a transjugular
[32]
intrahepatic portosystemic shunt (TIPS) . It has
since been adopted by many liver transplant programs
in the world due to accurate prognostication of death
in a broad spectrum of liver disease with improved
[33,34]
prognostic capacity when compared to CTP
.
Outside of liver transplant allocation, the use of the
MELD score has been broadened in cirrhotic subjects
[32]
to assessment of risk prior to TIPS placement ,
[35]
[36]
prior to non-hepatic surgery , in variceal bleeding
[37]
hepatorenal syndrome
or mortality prediction in
[38]
alcoholic hepatitis .
Historically, liver histology has been established as
the gold standard of disease staging and one of the
prime indicators of prognosis in liver disease. Based
on morphological assessment of fibrosis/cirrhosis,
including thickness of fibrotic septa, number and size
of cirrhosis nodules, type of hepatic necrosis and
cellular infiltrates, several classification systems to
subclassify cirrhosis have been established to attempt
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Table 1 Clinical prognostic system in cirrhotic patients
Outcome
Death

Risk score

Outcome assessed

MELD

3-mo mortality

Multiple

100%

MELD-Na

3 and 6-mo mortality

100%

CTP

Mortality

Prognostic Index

5-yr mortality

HCV risk score
Bell et al

5-yr mortality
Mortality

HCV (25%)
Chronic cholestasis
(23%)
Autoimmune hepatitis
(14%)
Alcohol (13%)
Cryptogenic (12%)
Other (13%)
Alcohol (53%)
Hepatitis (23%)
Cryptogenic (15%)
Biliary (9%)
Alcohol (64%)
Viral (24%)
Other (12%)
HCV
Alcohol (100%)

HVPG

Mortality

100%

Liver stiffness
measurement

Composite outcome:
death, liver
transplantation, variceal
bleeding and ascites

Non-invasive
assessment of
fibrosis: FibroTest,
FIB-4, APRI

Overall survival

Alcohol (44%)
HCV (36%)
HBV (9%)
Other (11%)
Alcohol (51%)
HCV (20%)
NASH (8%)
HBV (3%)
Other (18%)
HCV (90%)
HCV-HIV (10%)

FIB-4

Survival in cirrhotic
Child-Pugh class A
subjects with HCC
Liver decompensation

100%

38%

ADRESS-HCC

1-yr HCC risk

Velazquez et al

4-yr HCC risk

UM regression
model

3 and 5-yr HCC risk

GAG-HCC

5 and 10-yr HCC risk

HCV (70%)
HBV (16%)
Other (14%)
Alcohol (38%)
HCV (28%)
HBV (9%)
NASH (9%)
Other (17%)
HCV (46%)
Alcohol (18%)
NASH (18%)
HBV (3%)
Other (15%)
Alcohol (59%)
HCV (29%)
HBV (7.5%)
Other (3%)
HCV (47%)
Cryptogenic (19%)
Alcohol (15%)
Other (19%)
HBV

CU-HCC

5-yr HCC risk

HBV

Collagen
proportionate area

HCC

Etiology of liver disease Proportion of
cirrhotics
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100%

100%

87%
100%

100%

18%

100%

100%

100%

Variables

Note

Creatinine, bilirubin and Used by UNOS for
INR
liver allocation
Components of MELD
score and serum sodium

Ref.
[34]
[90]

Bilirubin, albumin,
encephalopathy, ascites
and prothrombin time/
INR
Albumin, INR and
creatinine

[91,92]

Age, platelets, sex
Age, alcohol abuse and
alkaline phosphatase
HVPG

[94]
[95]

Liver stiffness
measurement

[97]

[93]

[96]

Fibrotest (Alpha2-macroglobulin,
Haptoglobin,
Apolipoprotein A1, GGT,
bilirubin, ALT)
FIB-4 (AST, ALT,
platelets, age)
APRI (AST, platelets)
FIB-4 (AST, ALT,
Only predictive in
platelets, age)
subjects with ChildPugh score of 5
Measuring collagen
proportionate area on
liver histology

[98]

Age, diabetes, race,
etiology of cirrhosis,
sex, and severity of liver
dysfunction (Child-Pugh
score)
Age, anti-HCV positive,
prothrombin time and
platelet count

[100]

100%

AFP and gender

15%

Age, gender, HBV DNA,
core promoter mutations,
cirrhosis
Age, albumin, bilirubin,
HBV DNA, and cirrhosis

[99]

[47]

[101]

A machine-learning
algorithm was also
derived using 23
variables

[51]

[102]

[103]
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LSM-HCC

3 and 5-yr HCC risk

HBV

31%

REACH-B

3, 5 and 10-yr HCC risk

HBV

Risk index
scoreHCC

Incidence of HCC
Incidence of HCC

HCV after SVR
HCV after SVR

Chang et al

5-yr HCC risk

HCV after therapy

El-Serag et al

Incidence of HCC

HCV

HALT-C model

5-yr HCC risk

HCV

REVEAL-HCV

5-yr HCC risk

HCV

Liver stiffness
measurement
FIB-4

5-yr HCC risk

HBV

Incidence of HCC

HBV

Liver stiffness, age,
albumin, HBV DNA
Sex, age, ALT, HBeAg
status, and serum HBV
DNA level

0% discovery
cohort, 18%
validation
cohort
10%
Age, AST, platelet count
30%
Age, AFP level, low
platelets and advanced
fibrosis
45% fibrosis Age, male sex, AFP level,
stage 3-4
low platelet, advanced
fibrosis, HCV genotype
1b and non SVR
100%
AFP, ALT, platelets,
interaction terms, and age
41%
Age, race, Alkaline
phosphatase, esophageal
varices, ever smoked, and
platelet count
4%
Age, ALT, AST/ALT
ratio, HCV RNA, cirrhosis
and HCV genotype
50%
Liver stiffness
measurement
10%
FIB-4 (AST, ALT,
platelets, age)

[104]
[105]

[106]
[107]

[108]

[50]
[109]

[110]

[111]
[112]

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; MELD-Na: Model for end-stage
liver disease-sodium.

to correlate these findings with clinical endpoints and
[39-42]
HVPG as a surrogate marker
. Quantification of
fibrotic collagen tissue can be performed with digital
[43]
image analysis with staining of collagen
which have
been validated against HVPG measurements and
clinical outcomes (for instance fibrosis progression and
clinical decompensation), mostly in the setting of HCV
[44,45]
recurrence after liver transplantation
. Recently,
an automated assessment method combining quan
tification of histopathological architectural features
on unstained histological slides has been developed
[46]
to allow more accurate assessment of fibrosis . A
recent report suggested that collagen proportionate
area may perform better than other histological
measures to predict risk of decompensation in cirrhotic
subjects although this will require further validation in
[47]
larger patient cohorts . Although liver biopsy-based
histological assessment provides more deterministic
evidence of cirrhosis, and HVPG could complement
the suboptimal robustness of histological cirrhosis
assessment affected by sampling variability in liver
biopsy, these methods are relatively invasive especially
in patients with more advanced cirrhosis with impaired
blood coagulation. Multiple clinical-based scoring
systems have also been proposed to predict outcomes
in subjects with cirrhosis in a wide range of etiologies
(Table 1). Liver stiffness measurement by transient
elastography or MR-elastography, is another noninvasive, imaging-based techniques mainly developed
as a diagnostic tool to assess liver fibrosis severity.
With a cutoff of 21.1 kPa in elastography, one report
found that it accurately predicted portal hypertension
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related complications in subjects with chronic liver
disease (65% cirrhotic) and that it was significantly
correlated to HVPG, an indicator of portal pressure and
[48,49]
prognosis
.
Another important clinical goal in caring for pa
tients with liver disease is prediction of risk of HCC.
Numerous clinical scores, especially in HBV and HCVrelated liver disease, have been developed to assess
for HCC risk in cirrhotic subjects (Table 1). However,
no universal risk score encompassing all types of liver
disease etiologies has emerged in clinical use. The
incorporation of clinical and/or molecular risk scores
in HCC screening strategies could potentially boost
efficacy and uptake of HCC screening in high-risk
populations, while significantly reducing costs, as we
discuss below.

Genome-based molecular
prognostic systems
The clinical variable-based prognostic systems have
yielded reasonably good capability in discriminating
subsets of patients with either severe cirrhosis or
milder fibrosis. However, patients in the middle of
the spectrum, i.e., clinically asymptomatic, earlystage cirrhosis, still account for a sizable population
requiring regular clinical follow-up such as biannual
HCC surveillance, as evidenced by the extremely
[27]
low application rate (17%) in the United States
In
addition, it is more challenging to make prognostic
prediction within this subset of patients, even with
sophisticated machine-learning approaches based on
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Table 2 Molecular prognostic systems in cirrhotic patients
Molecular
method

Risk score

Liver disease
etiology

Gene
expression

186-gene
signature

HCV

SNP

HIR gene
signature
65-gene
signature
Activated
HSC
signature
EGF

Outcomes

Sample

Proportion Molecular
cirrhosis
marker

Overall death,
FFPE liver
Progression to
needle
advanced cirrhosis,
biopsy
HCC
HBV (89%) 223-gene sig: late HCC
Frozen
recurrence,
hepatic
65-gene sig: early HCC
tissue
recurrence
HBV (92%) HCC recurrence and
Frozen
survival
hepatic
tissue
HCV
6-yr HCC risk
Blood

Risk groups and
proportion of subjects

Note

Ref.

100%

186-gene
signature

Poor (25%)
Intermediate (47%)
Good prognosis (28%)

[52,53]

78%

223 (HIR)
& 65-gene
signature

HIR signature:
High risk (32%)
Low risk (68%)

[60]

87%

37-gene
signature

High risk (53%)
Low risk (47%)

[62]

39%

EGF 61*G
(rs4444903)

7-SNP
signature

Cirrhosis
risk score

HCV

Fibrosis progression
after liver
transplantation

Blood

PNPLA3

Alcohol
(52%)
HCV (48%)

6-yr HCC risk

Blood

41%
progressed
to at least
F3 fibrosis
100%

MPO

HCV

HCC risk

Blood

100%

MPO
-463*G
(rs2333227)

CAT

HCV

HCC risk

Blood

100%

CAT -262*C
(rs1001179)

HFE

Alcohol
(54%)
HCV (46%)

HCC risk

Blood

100%

HFE C282Y
(rs1800562)

PNPLA3
444*G
(rs738409)

When combined with Improved model
clinical markers:
when added
High risk (14%)
clinical data: age,
Intermediate risk (29%) gender, smoking
Low risk (57%)
status, alkaline
phosphatase level,
platelet count
High risk (44%)
Intermediate risk (29%)
Low risk (24%)

[67]

When combined
with clinical markers
(alcoholic cirrhosis):
High risk (25%)
Intermediate risk (55%)
Low risk (20%)
High risk (GG, 51%)
Intermediate risk (AG,
35%)
Low risk (AA, 14%)
High risk (CC, 68%)
Not yet
Intermediate risk (CT,
implemented in
28%)
risk score
Low risk (TT, 4%)
In alcoholic cirrhosis: Not predictive in
High risk (GA, 8%)
HCV cirrhosis in
Low risk (GG, 92%)
this study

[113]

[64]

[69]

[69]

[114]

FFPE: Formalin fixed paraffin embedded; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HIR: Hepatic injury and
regeneration; HSC: Hepatic stellate cell; SNP: Single nucleotide polymorphism.

clinical variables, because most of the values are within
[50,51]
normal reference range
. Genome-wide molecular
profiling is an approach to overcome the issue of a
limited number of clinical variables by using a much
wider set of molecular variables to initially train/define
prognostic models.
Genome-wide profiles of RNA expression and DNA
variant, i.e., single nucleotide polymorphism (SNP),
have been studied to define molecular prognostic
indicators (Table 2). A 186-gene expression signature,
derived from non-tumoral liver tissues of subjects
undergoing hepatic resection for HCC, has proven
prognostic not only for HCC recurrence but also for
liver disease progression, HCC development and
overall survival in subjects with early-stage HCV
[52-54]
cirrhosis
. The signature was present in the liver of
rodent models of fibrosis/cirrhosis-driven HCC, and the
poor prognosis pattern of the signature was reversed
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in association with the HCC chemopreventive effect
[55]
of an FDA-approved EGFR inhibitor, erlotinib , which
is now being tested in a phase 1 trial with the gene
signature as a companion biomarker (ClinicalTrials.gov,
NCT02273362). Insulin-like growth factor one (IGF-1)
has been shown to reflect hepatocellular dysfunction
possibly due to a loss of hepatocyte synthesis and a
[56]
decrease in growth hormone receptors , and serum
[57,58]
levels of IGF-1 reflect liver failure and risk of HCC
.
Consistent with these findings, IGF1 is a member of
the good prognosis-correlated genes in the 186-gene
[52,54]
prognostic liver signature
. Similarly, liver
tissue-derived transcriptome signatures have been
associated with multicentric HCC development and late
recurrence after curative HCC treatment attributable
[59-61]
to de novo HCC development
. A gene signature
of hepatic injury and regeneration was associated with
[60]
late HCC recurrence
and a hepatic stellate cell gene
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signature was recently reported for its association
[62]
with HCC recurrence and death . Several germline
SNPs were reported to be associated with increased
HCC risk and other liver disease-related outcomes
(Table 2). A 7-gene SNP assay named cirrhosis risk
score was associated with risk of developing cirrhosis
[63]
in HCV-infected individuals
and fibrosis progression
[64]
after liver transplantation for HCV-related cirrhosis .
Numerous other germline SNPs have been reported as
HCC risk variants in HCV cirrhosis, although very few
of them are replicated in independent patient series/
[65]
cohorts . The EGF 61*G allele was associated with
HCC risk in a prospective cohort of patients with HCV[66,67]
related advanced fibrosis (39% cirrhotic)
. Despite
diverse allele frequency across patient populations,
association between the EGF genotype and HCC risk
[68]
remains significant and independent of patient race .
A SNP in an antioxidant enzymes, MPO was associated
with HCC risk in a prospective study in HCV-cirrhotic
[69]
subjects .

Potential applications of
molecular prognostic prediction
in cirrhosis
One of the goals of molecular prediction of prognosis in
cirrhotic subjects is to predict risk of major liver-related
endpoints such as HCC development, liver disease
progression, liver transplantation, or death beyond
clinically available prognostic indicators. Besides
merely predicting prognosis, molecular prognostic
predictions linked to specific molecular deregulation
could be used to guide therapeutic and/or preventive
intervention with molecular targeted therapies. The
value of molecular prognostic biomarkers especially
in the setting of HCC chemoprevention cannot be
overemphasized. Cancer chemoprevention trials have
been regarded as highly resource-intensive, requiring
the enrollment of thousands of patients, a followup time approaching decade(s), and rarely yielding
[70,71]
positive results
. HCC risk biomarker-based
clinical trial enrichment will drastically lower the bar to
conduct cancer chemoprevention trials by substantially
reducing required sample size and the duration of
follow-up comparable to oncology trials enrolling
[23]
advanced-stage cancer patients . In patients with
HCC, another application of molecular analysis is
the subclassification of HCC into distinct molecular
subtypes linked to different clinical and pathological
[72,73]
characteristics
, although intratumoral molecular
heterogeneity within a tumor nodule or between
nodules in a patient remains a challenge that must be
resolved before applying the molecular classification
to therapeutic decision-making, especially for selective
[74]
molecular targeted agents .
Clinical deployment of molecular prognostic bio
markers is still a challenging task due to many hurdles
as evidenced by the extremely low rate of successful
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[6,75-77]

clinical translation (0.1%) of biomarkers
. Study
design/setting, from which analyzed biospecimens are
derived, is a key issue to ascertain robust prognostic
association of molecular biomarkers, and can be
[78]
graded to inform reliability of the finding . Although
prospective assessment is ideal to establish clinical
utility of biomarkers, requirement for financial and
medical resources as well as observation time is
the major limiting factor in establishing prognostic
biomarkers. An alternative approach to overcome
this challenge was proposed, namely “prospectiveretrospective” design, where archived samples
from previously completed prospective trials are
[78]
retrospectively analyzed . Capability to analyze
archived real-world formalin-fixed, paraffin-embedded
(FFPE) tissue specimens will greatly enhance
[52-54,79-81]
applicability of this approach
. Although many
modern biomarkers are developed using a variety
of technologies, a key factor for implementation in
clinical practice is the choice of assay technology
[82]
for clinical laboratory use . Reproducibility and
robustness of the measurement, complexity of the
assay, and cost are the major determinants of the
assay selection. Historically, immunohistochemistry,
including fluorescent in-situ hybridization, and
quantitative PCR-based nucleic acid assays have
been the dominant technologies employed to deploy
molecular biomarkers. However, subjectivity in
the quantification and experimental artifact in the
process of target amplification, for example, are the
major limitation to provide reliable results. Recently
developed technologies such as digital transcript
[80,83]
counting without target amplification
are expected
to overcome the issue by providing more objective and
robust readout. Genome-wide sequencing of germline
DNA variants has posed ethical issues regarding
[84]
incidental findings . Regulatory oversight, which
hugely varies across countries/regions, is another key
factor affecting clinical translation and implementation
of biomarkers whilst inclusion in clinical practice
guidelines will support wider use and reimbursement
from insurance companies.

CONCLUSION
As was the case for clinical prognostic indicators such
as CTP and MELD scores, it is expected that molecular
prognostic indicators are evaluated in more specific
and additional clinical contexts/scenarios to address
specific unmet need in patient management. For
example, post-transplantation disease progression
is a topic understudied by molecular biomarkers,
which will greatly help decision on limited donor
[64,85]
organ allocation
. In addition, there is a trend
towards non-invasive biomarker assessment based
on emergence of highly sensitive genomic assay
technologies, e.g., single cell profiling, analysis of
RNA, DNA, or circulating cells derived from body fluidderived specimens such as whole blood, plasma,
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[86,87]

serum, ascites, and urine
. Although promising,
tissue specimens are still needed to establish validity
[86]
of such strategy (so-called liquid biopsy) . Depending
on clinical utility and requirement for robust and
reliable readout, acquisition of liver biopsy could still be
justifiable.
In conclusion, ever-evolving genomics technologies
has enabled to identify a variety of molecular prognostic
indicators in cirrhosis, which have great potential to
refine clinical care of the patients as well as guide
development of new therapeutic and/or preventive
[88]
approaches to realize “precision medicine” and enable
a modern alternative to the ancient Babylonian practice
of hepatomancy, the reading of omens from the liver of
[89]
sacrificed animals . Liver tissue acquisition by biopsy
will keep playing the key role in the process.
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Abstract
Accompanying the increased use of biological and
non-biological antirheumatic drugs, a greater number
of cases of hepatitis B virus (HBV) reactivation have
been reported in inactive hepatitis B surface antigen
(HBsAg) carriers and also in HBsAg-negative patients
who have resolved HBV infection. The prevalence of
resolved infection varies in rheumatic disease patients,
ranging from 7.3% to 66%. Through an electronic
search of the PubMed database, we found that among
712 patients with resolved infection in 17 observational
cohort studies, 12 experienced HBV reactivation (1.7%)
during biological antirheumatic therapy. Reactivation
rates were 2.4% for etanercept therapy, 0.6% for
adalimumab, 0% for infliximab, 8.6% for tocilizumab,
and 3.3% for rituximab. Regarding non-biological
antirheumatic drugs, HBV reactivation was observed
in 10 out of 327 patients with resolved infection from
five cohort studies (3.2%). Most of these patients
received steroids concomitantly. Outcomes were
favorable in rheumatic disease patients. A number of
recommendations have been established, but most
of the supporting evidence was derived from the
oncology and transplantation fields. Compared with
patients in these fields, rheumatic disease patients
continue treatment with multiple immunosuppressants
for longer periods. Optimal frequency and duration
of HBV-DNA monitoring and reliable markers for
discontinuation of nucleoside analogues should be
clarified for rheumatic disease patients with resolved
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Core tip: In the literature, the prevalence of resolved
hepatitis B virus (HBV) infection varied in rheumatic
disease patients, ranging from 7.3% to 66%, which
seems to be related directly to the general prevalence
of HBV infection in the respective geographic areas.
When calculated using data from observational cohort
studies, the incidence rate was 1.7% in rheumatic
disease patients receiving biological therapy and
3.2% in those treated with non-biological drugs. In
antirheumatic therapy, multiple immunosuppressants
are administered during long periods. Optimal
frequency and duration of HBV-DNA monitoring and
reliable markers for discontinuation of nucleoside
analogues remain unclear for rheumatic disease
patients with resolved HBV infection.
Mori S, Fujiyama S. Hepatitis B virus reactivation associated with
antirheumatic therapy: risk and prophylaxis recommendations.
World J Gastroenterol 2015; 21(36): 10274-10289 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i36/10274.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i36.10274

INTRODUCTION
Hepatitis B virus (HBV) infection is a challenging health
problem. According to the World Health Organization,
an estimated 240 million individuals (3.7%) suffered
[1]
from chronic HBV infection worldwide in 2005 . In
Japan, 1.1-1.4 million (0.9%-1.1%) were estimated
to be chronic carriers of hepatitis B surface antigen
(HBsAg), as reported by the Ministry of Health, Labor,
[2]
and Welfare in 2004 . A dynamic balance between the
host immune response to HBV and the degree of viral
replication is a critical factor for the pathogenesis of
HBV-related liver disease. Most carriers remain at an
[3,4]
inactive state (inactive HBsAg carriers) . Reactivation
of HBV, defined as an abrupt rise of HBV replication
often accompanied by clinical signs of hepatocellular
injury, is a well-recognized complication in inactive
HBsAg carriers who are receiving immunosuppressive
therapy for malignancies, organ transplantation, or
[5,6]
autoimmune inflammatory diseases . The condition
ranges from clinically silent, self-limiting hepatitis to
acute, severe hepatitis resulting in fatal hepatic failure.
With the availability of more aggressive, rituximabbased regimens, it has become evident that HBV
reactivation following anticancer chemotherapy can
occur in HBsAg-negative patients who exhibit evidence
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of resolved HBV infection [i.e., anti-hepatitis B core
antibody (anti-HBc)-positive serology with or without
[7-12]
anti-HBs antibody (anti-HBs)]
. Such patients are
regarded as potential occult carriers. Occult infection
has also been reported in patients without any
[13,14]
serological markers
. With the advent of highly
sensitive PCR-based assays, it has come to light that
viral replication persists over a long period of time in
liver tissues and peripheral blood mononuclear cells
at very low levels, despite the apparent serological
clearance of HBsAg and the appearance of anti[15-20]
HBc
. All of the conditions that induce immuno
suppression can provoke reactivation of occult HBV
infection with the reappearance of the typical sero
[14,21]
logical profiles of acute hepatitis B
. Although
the incidence of HBV reactivation is lower in HBsAg[22]
negative patients than in inactive HBsAg carriers ,
resultant acute hepatitis, known as de novo hepatitis
B, often has a severe and sometimes even fulminant
clinical course. Mortality is extremely high in such
[23-25]
cases
. Nevertheless, the management of occult
HBV infection is still a controversial issue.
Most information on HBV reactivation has come
from the fields of oncology and transplantation. Over
the years, however, a growing number of cases have
been reported in patients with rheumatic conditions
receiving biological and/or non-biological antirheumatic
drug therapy. In this review, we examine the litera
ture regarding HBV reactivation after exposure to
antirheumatic agents, mainly in patients with resolved
infection, with the intention of clarifying characteristics
and risk of viral reactivation in this patient population.
Prophylaxis against HBV reactivation is also addressed.
Further, we point out several aspects that most need
to be clarified for the effective management of HBV
reactivation in rheumatic disease patients.

TERMINOLOGY
In this review, we use several clinical terms regarding
HBV infection. The interpretation of serology testing
[26,27]
is summarized in Table 1
. Resolved HBV infection
is defined as previous HBV infection without further
serological, virological, or biochemical evidence of
active viral infection or disease, which represents the
HBsAg-negative phase in the natural history of HBV
infection. Resolved HBV infection is diagnosed based
on HBsAg-negative serology with a previous history
of acute or chronic hepatitis B or HBsAg-negative
serology with the presence of anti-HBc with or without
anti-HBs. Anti-HBc-positive/anti-HBs-positive serology
indicates resolved HBV infection with natural immunity,
while isolated anti-HBc-positive status indicates
resolved infection with undetectable levels of antiHBs, but it may also indicate possibly persistent HBV
infection with undetectable levels of HBsAg in the
serum. In either case, low levels of viral replication
persist in the liver of patients with resolved infection,
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Table 1 Definition of resolved hepatitis B virus infection, inactive carrier state, chronic hepatitis B, and immunization due to
vaccination

Resolved infection
Inactive carriers
Chronic hepatitis B
(HBeAg-positive)
Chronic hepatitis B
(HBeAg-negative)
Immunized

HBsAg

Anti-HBs

HBeAg

Anti-HBe

Anti-HBc

ALT

HBV-DNA in serum
(copies/mL)

HBV-DNA in the
liver

Liver injury

+
+

+/-

+

+/+
-

+/+
+

Normal
Normal
Elevated

Negative
Negative to 104
> 105

+
+
+

No
No
Yes

+

-

-

+

+

Elevated

> 104

+

Yes

-

+

-

-

-

Normal

Negative

-

No

HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; anti-HBs: Anti-hepatitis B surface antibody; HBeAg: Hepatitis B e antigen; anti-HBe: Antihepatitis B e antibody; anti-HBc: Anti-hepatitis B core antibody; ALT: Alanine aminotransferase.

but viral DNA is generally not detectable in the serum
(or very low levels may be detectable using real-time
PCR assays).
Occult infection is defined as the presence of HBVDNA in the liver with detectable or undetectable viral
DNA in the serum of individuals testing HBsAg-negative
using currently available assays. When detected, the
amount of HBV-DNA in the sera is very low (less than
3
[28]
10 copies/ml) . All individuals with HBsAg-negative/
anti-HBc-positive serology are considered potential
occult carriers of HBV (seropositive occult carriers).
It is notable that approximately 20% of occult HBV
carriers are negative for all serological markers of HBV
[13]
infection (seronegative occult carriers) .
Inactive HBsAg carriers have persistent HBV
infection in the liver without significant, ongoing
necroinflammatory disease. The inactive HBsAg carrier
state is defined as the presence of HBsAg without
hepatitis B e antigen (HBeAg), persistently normal
aminotransferase levels, and low viral load (less than
4
10 copies/ml).
There is no global consensus on the definition
of HBV reactivation. In most studies from the rheu
matology field, it was defined as a rise of serum HBVDNA level by one log or greater compared with the
pre-exacerbation baseline period, a reappearance
of HBsAg in HBsAg-negative patients, or a new
detection of viral DNA in patients with previously
undetectable HBV-DNA in the serum. The definition
of HBV-DNA positive varied, ranging from more than
2.0 log copies/ml to more than 3.0 log copies/ml.
In one study, an at least twofold elevation of alanine
aminotransferase (ALT) over the upper limit of normal
on two consecutive determinations was used to define
[29]
HBV reactivation .

PREVALENCE OF RESOLVED HBV
INFECTION
General populations

HBV infection is one of the most common viral
infections in humans, but its prevalence varies greatly
from country to country and in different areas and
subpopulations. In areas with high prevalence,
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including much of Asia and the South Pacific Island
region, sub-Sahara Africa, and Arctic/sub-Arctic region,
the prevalence of HBsAg carriers is 8% or more,
while in countries with low endemicity, such as North
and Central America, Northern and Western Europe,
[1,30,31]
and Australia, it is less than 2%
. In Japan, the
estimated prevalence of HBsAg-positive serology is
approximately 0.9%-1.1%, as estimated by HBsAg
testing for first-time blood donors from 1995 to
[2]
2000 .
Resolved HBV infection is also found worldwide.
Approximately two billion subjects (30%) have
serological markers indicating previous exposure
to HBV. According to data from several large-scale
studies for blood or hematopoietic stem cell donors
and the general population, the prevalence of anti-HBc
[32]
[33]
is 1.5% in Germany , 0.8% in the United States ,
[34]
[35]
4.9% in Italy (Piedmont) , 7.3% in France ,
[36]
[37]
8.3% in Italy , 13.5% in South Korea , 16.8% in
[38]
[39]
France (Paris) , 19.3% in Greek , 20% in Japan
[24]
[40]
(Nagoya) , and 41.7% in China (Lianyungang) .
[41]
Using highly sensitive PCR techniques, Lo et al
reported a geographical variation in the prevalence of
HBV-DNA in the liver tissue of HBsAg-negative patents,
in which the prevalence of occult infection was 11%
in Italy, 6.9% in Hong Kong, and 0% in the United
Kingdom. The prevalence was related to endemic rates
[41]
of the respective geographical region . HBV-DNA was
also detected in the liver tissue of 16 out of 93 (16.3%)
[42]
liver disease-free individuals in Italy . Studies
examining HBsAg-negative subjects showed that HBVDNA was found in 31 out of 195 (16%) healthy Korean
[43]
subjects with normal serum ALT levels
and in 19
out of 124 (15.3%) hematopoietic stem cell donors in
[44]
Hong Kong . In studies on blood donors with HBsAgnegative/anti-HBc-positive serology, HBV-DNA was
[45]
detected in 19 out of 50 subjects (38%) in Japan , in
[32]
3 out of 189 (1.6%) in Germany , and in 4 out of 395
[33]
(1.0%) in the United States . It is still controversial
whether the anti-HBc status is significantly associated
[42,44]
with the presence of occult HBV infection
.

Rheumatic disease patients

Although precise data on the prevalence of resolved
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Table 2 Studies evaluating the prevalence of resolved hepatitis B virus infection and hepatitis B surface antigen carriers in patients
with rheumatic diseases
Study

Author

Country

Publication
(year)

Disease

Total numbers

1
2
3
4
5

Charpin
Vassilopoulos
Caporali
Giardina
Biondo

France
Greece
Italy
Italy
Italy

2009
2010
2010
2013
2014

RA, PsA, AS
RA, SpA, others
RA, AS, PsA
RA, AS, PsA
RA, AS, PsA

6
7

Ballanti
Barone

Italy
Italy

2014
2015

8
9
10

Kim
Urata
Tamori

South Korea
Japan
Japan

2010
2011
2011

RA
RA, PsA, SpA, AS,
others
RA, AS, PsA, JRA
RA
RA

504
131
732
57
169 (HBsAgnegative)
344
1138

11
12

Mori
Kato

Japan
Japan

2011
2011

13
14
15
16

Nakamura
Lan
Tan
Ye

Japan
Taiwan
China
China

2014
2011
2012
2014

RA
RA, SLE,
Vasculitis, others
RA
RA
RA
RA, AS, PsA

Resolved infection
n (%)

1

HBsAg carriers
n (%)

Vaccination
n (%)

Ref.

2 (0.4)
14 (10.7)
5 (0.7)
3 (5.3)
-

ND
19 (14.5)
ND
ND
24 (14.2)

[46]
[47]
[48]
[55]
[57]

25 (7.3)
179 (15.7)

1 (0.2)
0

ND
ND

[58]
[60]

266
428
50 (anti-HBcpositive)
239
414

88 (33.1)
135 (31.5)2
45

8 (3.0)
6 (1.4)
5 (10)

ND
ND
-

[29]
[49]
[50]

60 (25.1)
35 (8.5)

2 (0.8)
ND

ND
ND

[51]
[52]

251
106
390
98

57 (22.7)2
70 (66.0)
188 (48.2)
50 (51.0)

1 (0.4)
18 (17.0)
27 (6.9)
37 (37.8)

6 (2.4)
ND
ND
ND

[59]
[53]
[54]
[56]

58 (11.5)
19 (14.5)
67 (9.2)
15 (26.3)2
20 (11.8)

1

Resolved HBV infection was defined as HBsAg-negative/anti-HBc-positive serology; 2In these studies, HBsAg-negative/anti-HBs-positive/anti-HBcnegative serology was also considered to indicate resolved infection if patients had no previous HBV vaccination. HBsAg: Hepatitis B surface antigen;
anti-HBc: Anti-hepatitis B core antibody; RA: Rheumatoid arthritis; SpA: Spondyloarthropathy; AS: Ankylosing spondylitis; PsA: Psoriatic arthritis; JRA:
Juvenile rheumatoid arthritis; SLE: Systemic lupus erythematosus; ND: Not described.

HBV infection in rheumatic disease patients are
limited because of a lack of large-scale and nationwide
surveys, several studies have reported its prevalence
[29,46-60]
in respective hospitals (Table 2)
. The prevalence
of resolved infection varied, ranging from 7.3% to
66%. In Western Europe, resolved HBV infection
was observed in 7.3% to 26.3% of cases, which
was lower than that found in Asian countries. The
prevalence of resolved infection was similar in Japan
(8.5% to 31.5%) and South Korea (33.1%), while it
was markedly higher in China (48.2% to 51%) and
Taiwan (66.0%). The frequency of resolved infection
in rheumatic disease patients seems to be directly
related to the general prevalence of HBV infection in
the respective geographic areas. Real-time or nested
PCR testing showed that HBV-DNA is detected in the
sera of 1.4% to 2.2% of rheumatic disease patients
[50,53,54]
with resolved infection
.

therapy has also gained popularity in the treatment
of other rheumatic diseases, such as ankylosing
spondylitis and psoriatic arthritis, because it is a
potent therapeutic option for those patients who
have experienced failure in the first-line DMARD
[63,64]
therapy
. TNFα inhibitors (infliximab: chimeric
anti-TNFα monoclonal antibody; etanercept: soluble
TNF receptor; adalimumab: humanized anti-TNFα
monoclonal antibody; golimumab: humanized antiTNFα monoclonal antibody; and certolizumab pegol:
antigen-binding fragment of humanized anti-TNFα
monoclonal antibody conjugated to polyethylene
glycol), humanized anti-interleukin (IL)-6 receptor
monoclonal antibody (tocilizumab), a T-cell signaling
inhibitor (abatacept), and chimeric anti-CD20
monoclonal antibody (rituximab) are mainly used in
biological therapy for rheumatic diseases.

ADVANCES IN PHARMACEUTICAL
THERAPY FOR RHEUMATIC DISEASES

POSSIBLE MECHANISMS OF HBV
REACTIVATION IN RHEUMATIC DISEASE
PATIENTS

Over the past decade, the prognosis of rheumatoid
arthritis (RA) patients has improved dramatically with
the early use of methotrexate (MTX) as the first-line
of disease-modifying antirheumatic drugs (DMARDs).
In addition, the emergence of novel biological agents
targeted at specific molecules and pathways in the
immune system has changed the course of RA and
[61,62]
improved patient and social outcomes
. Biological

Antirheumatic therapy can disturb the delicate balance
between the degree of HBV replication and host
immune control in patients with HBV, which may cause
viral reactivation. First, HBV replication accelerates.
In this phase, HBV-DNA reappears or is raised by at
least one log, but patients are usually asymptomatic
and ALT levels remain in the normal range or only
minimally increase. In the second phase, ALT levels are
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elevated with or without symptoms of acute hepatitis.
In severe cases, an active necroinflammatory injury
progresses, resulting in liver failure and death. This
phase is characterized by reconstitution of the host
immune response: the suppressed host cellular
immune system tries to recover and attacks mem
branes of HBV-infected hepatocytes expressing viral
epitopes, causing hepatocellular injury. Hepatitis
seems to occur after a delay of several days or weeks
from the rise in or reappearance of serum HBV-DNA.
Maximal reduction of viral DNA levels seems to occur
[5,6]
before significant hepatic injury .
[20]
Pollicino et al
showed that HBV isolated from
occult carriers are replication-competent in vitro,
but viral replication and gene expression is strongly
suppressed in these individuals. The viral genomic
variability did not play a critical role in inducing the
occult HBV infection status. The data suggested that
the host immune-surveillance system, rather than viral
factors, might be responsible for the establishment
and/or maintenance of such cryptic HBV infection.
[15]
Rehermann et al
showed that HBV persists in the
serum and peripheral blood mononuclear cells for
decades after a patient’s clinical recovery from acute
hepatitis B, and that the strength of response by HBVspecific T lymphocytes (CTLs) correlates with the
persistence of HBV DNA. The data suggested that host
immune control of HBV infection is largely mediated
through HBV-specific CTLs. Considering these findings,
there is a possibility that rheumatic disease patients
may differ in factors that can change the prevalence of
occult infection. Recent laboratory data on RA patients
showed a contraction of the T cell receptor repertoire
[65,66]
and fundamental alterations in T cell dynamics
.
Such perturbation of T lymphocyte homeostasis
results in the decreased ability to recognize potential
antigens. In this context, rheumatic disease patients
may be susceptible to HBV reactivation, even before
antirheumatic agents are introduced.

HBV REACTIVATION IN HEPATITIS B
SURFACE ANTIGEN CARRIERS DURING
ANTIRHEUMATIC THERAPY
MTX

There are several case reports on the development
of fulminant hepatitis as a consequence of HBV
reactivation after discontinuation of low-dose MTX
therapy for RA patients with asymptomatic HBsAg
[67-70]
carriage
. This is attributed to the restoration of
immune function following MTX withdrawal, which
rapidly causes HBV-specific CTL-mediated destruction
of HBV-infected hepatocytes. Reactivation of HBV
replication during MTX therapy has also been reported
in two prospective cohort studies, in which all patients
who suffered from reactivation had received low-dose
steroids concomitantly and none had received any
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antiviral prophylaxis. These patients did not develop
clinically apparent hepatitis, and outcomes were
satisfactory. No reactivation was observed in patients
[50,54]
receiving prophylaxis
.

Steroids

The use of moderate- to high-dose steroids has been
clearly associated with HBV reactivation in rheumatic
diseases, and steroid pulse therapy is significantly
[71-75]
related to HBV reactivation
. HBV-DNA contains a
[76]
glucocorticoid-responsive element . Viral reactivation
during steroid therapy may occur not only as a result
of the suppression of the host immune system but also
through the direct stimulation of HBV-gene expression.
It is not clear whether treatment with low doses of
steroids is associated with the risk of HBV reactivation
among rheumatic disease patients because, in most
cases, low-dose steroids are used concomitantly with
biological and/or non-biological DMARDs.

TNFα inhibitors

TNFα plays a role in promoting HBV eradication by
stimulating HBV-specific CTLs, which destroy virus[77]
infected hepatocytes . A recent study showed that
TNFα is essential for the proliferation of HBV-specific
[78]
CTLs . CTLs also inhibit hepatocellular HBV gene
expression and replication through a non-cytotoxic
mechanism, which is mediated initially by TNFα and
[79,80]
interferon α
. Thus, inhibition of TNFα activity
leads to enhanced viral replication. Inactive HBsAg
carriers receiving TNFα inhibitors require special
attention. In recent years, a growing number of cases
of HBV reactivation in patients with chronic hepatitis
[47,81-85]
B (active HBsAg carriers)
and in inactive HBsAg
[53,82,84-97]
carriers
have been described in association
with TNFα inhibitors. Unfortunately, the available data
are limited to a small number of single case reports
and a small series of consecutive patients.
Through a systemic analysis of cases reported,
Perez-Alvarez indicated that HBV reactivation was
observed in 35 out of 89 (39%) HBsAg carriers
receiving TNFα inhibitors; that the rate of reactivation
in HBsAg carriers was sevenfold higher than in
patients with resolved infection; that the percentage
of reactivation was significantly lower in patients who
had received antiviral prophylaxis (23% vs 62%);
and that infliximab was associated with a higher rate
of induced liver damage compared with etanercept.
[98]
Approximately 5% died due to liver failure . Another
systemic review also showed that infliximab was
associated with the greatest number of reported
[77]
[99]
cases of reactivation . More recently, Cantini et al
showed that the pooled prevalence of HBV reactivation
in HBsAg carriers treated with TNFα inhibitors for
rheumatic or dermatologic conditions was 15.4%; that
pooled reactivation rates did not differ considerably
between etanercept and adalimumab; and that the
reactivation risk associated with TNFα inhibitors was
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fivefold higher in HBsAg carriers compared with
[100]
patients with resolved infection. Lee et al
also
performed an electronic search for studies that had
examined HBV reactivation in HBsAg carriers who
received TNFα inhibitors or DMARDs for rheumatic
diseases and found that viral reactivation was observed
in 15 out of 122 patients (12.3%).

Other biological DMARDs

IL-6 is a pleiotropic cytokine with a variety of biological
activities that induces T-cell proliferation and CTL
differentiation. This cytokine also promotes antibody
production by B-cells. In chronic HBV infection,
serum IL-6 levels significantly correlated with serum
aminotransferase levels, which suggested that
[101]
IL-6 might play a role in viral elimination
. Thus
blocking of IL-6 activity may influence host immune
[102]
response to HBV antigens . Nevertheless, no cases
of HBV reactivation during tocilizumab therapy have
so far been reported in patients with chronic HBV
infection. In several case reports, tocilizumab therapy
in combination with antiviral prophylaxis produced
favorable outcomes in patients with rheumatic disease
[103,104]
and chronic hepatitis B
. In another report,
tocilizumab was used, without any prophylaxis, for an
RA patient with chronic hepatitis B, but the patient did
not experience viral reactivation for more than five
[105]
years .
Abatacept is a soluble fusion protein that comprises
the extracellular domain of CTL antigen-4 (CTLA-4) and
the Fc region of the IgG molecule. Through interactions
with CD80/86 molecules on antigen-presenting cells,
abatacept inhibits the co-stimulatory signaling of
[106]
[107]
T-cells . Kim et al
retrospectively examined eight
patients with RA and chronic hepatitis B who had
received abatacept with or without antiviral prophylaxis.
Four patients started on prophylaxis with the initiation
of abatacept and none of them experienced HBV
reactivation, while the remaining four patients without
antiviral prophylaxis developed viral reactivation.
B-cells are critical for antigen presentation,
regulation of T-cells, and antibody production. CD20
molecules are widely expressed on B-cells. Rituximab
is thought to destroy CD20-expressing cells through
[108]
antibody-dependent, cell-mediated cytotoxicity
.
Although plasma cells do not express the CD20
molecule, a reduction of memory B cells may cause
hypogammaglobulinemia. It has been observed that
B-cell depletion induces a decrease of anti-HBs titers
[109]
with an increase in HBV DNA and HBV reactivation .
Reactivation of HBV was reported following rituximab
therapy for an HBsAg-positive RA patient, despite viral
[110]
prophylaxis with lamivudine . In other case reports,
no reactivation was observed during rituximab therapy
for patients with rheumatic diseases and chronic
hepatitis B, in which lamivudine was used as the
[111,112]
prophylactic agent
.
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HBV REACTIVATION IN PATIENTS WITH
RESOLVED HBV INFECTION DURING
ANTIRHEUMATIC THERAPY
Literature search

We performed an electronic search of the published
English literature (as of 31 January 2015), using the
PubMed database. The following keywords and subject
terms were used in the search: “hepatitis B virus”,
“HBV reactivation”, and “rheumatic diseases”. All
references listed by studies retrieved from the online
database and from previously published systemic
reviews were also searched manually to identify
additional potential studies that are not indexed by the
database. Studies were confined to rheumatic disease.
Studies that did not provide detailed information on
baseline HBV serology were excluded. In this review,
HBV reactivation was defined as a rise in viral load of
1.0 log or more compared with the baseline level, a
reappearance of HBsAg in HBsAg-negative patients, or
a new detection of viral DNA in patients with previously
undetectable HBV-DNA in the serum (with or without
associated ALT elevation). The definition of HBV-DNA
positivity (a detection threshold) was determined
according to that used in each study (range, 2.0 log
to 3.0 log copies/ml). Patients with raised hepatic
enzymes and/or clinical signs of liver disease in the
absence of viral or serological changes were not
diagnosed as suffering from HBV reactivation.

Prospective or retrospective cohort studies

Nineteen observational cohort studies evaluating the
prevalence of HBV reactivation in rheumatic disease
patients with resolved infection were identified: 18
studies included data on patients receiving biological
[29,46-53,55-60,113-115]
DMARDs
and 5 included data regarding
[49-52,54]
patients receiving non-biological DMARDs
. A
total of 800 patients with resolved HBV infection who
had received biological DMARDs were identified from
the 18 studies. In all studies, except for two that did
not detail the number of drugs prescribed (studies 2
and 4), the biological DMARDs used were etanercept
in 354 patients, adalimumab in 173, infliximab in
207, golimumab in 1, tocilizumab in 35, rituximab in
30, abatacept in 11, and anakinra in 3. A total of 327
patients with resolved HBV infection were treated with
non-biological DMARDs alone. No patients, except for
two, received antiviral prophylaxis before or during
biological or non-biological DMARD therapy. Mean
follow-up periods ranged from 6 to 55 mo. Details of
the extracted data are summarized in Table 3.
The prevalence of HBV reactivation associated with
biological therapy varied, ranging from 0% to 16.7%.
Since HBV reactivation was not confirmed by HBVDNA in one study, the 88 patients in this study were
excluded when calculating the following reactivation
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Table 3 Studies evaluating reactivation rates in rheumatic disease patients with resolved hepatitis B virus infection
Study

2

Patient
number

Age (yr)

1
2
3
4
5

21
19
67
153
20

58 (mean)
52 (mean)5
57 (mean)
49 (mean)5
63 (mean)

6
7

25
179

8
9

88
523

9

833

10

42

10

3

11

36

11

24

12

6

12

29

13

57

14
15
16
177
187

70
188
50
7
34

19

12

Biological DMARDs (number)

1

Non-biological DMARDs
and PSL (%)

Follow-up
(mo)

Prophylaxis
(number)

Reactivation
number (%)

Ref.

ETN (14), ADM (3), IFX (4)
MTX (48)
ETN, ADM, IFX
ND
ETN (23), IFX (25), ADM (19)
MTX (76), PSL (64)
ETN, IFX
MTX(42)5, PSL(60)5
ETN (10), ADM (7), IFX (2), GOL (1) MTX (80), others (35), PSL
(65)
63 (mean)5
ETN (15), ADM (10)
DMARDs (72)5
57 (mean)
ETN (74), IFX (43), ADM (29), RTX DMARDs (75), PSL (46),
(14), TCZ (7), ABT (9), ANK (3)
High-dose PSL (4)
51 (mean)
ETN (60), IFX (12), ADM (16)
ND
ND
ETN (38), IFX (15), ADM (7), TCZ
MTX (48)6, others (59)6,
(4), RTX (1)8
PSL (39)6
ND
Not used
MTX (48)6, others (59)6,
PSL (39)6
59 (mean)6
ETN (19), IFX (21), ADM (2)
DMARDs (93)6,
PSL (76)6
59 (mean)6
Not used
DMARDs (93)6,
PSL (76)6
6
73 (median)
ETN (18), IFX (19), ADM (2), TCZ
MTX (90)6, others (50)6,
(5)8
PSL (63)6
6
73 (median)
Not used
MTX (90)6, others (50)6,
PSL (63)6
6
62 (mean)
ETN (1), IFX (1), TCZ (1), RTX (3)
DMARDs (60)6,
PSL pulse (60)6
6
62 (mean)
Not used
DMARDs (60)6,
PSL pulse (60)6
64 (median) ETN (22), IFX (20), ADM (22), TCZ MTX (74), others (18), PSL
(18), ABT (2)8
(74)
51 (mean)
ETN (31), ADM (39)
MTX (91), PSL (100)
ND
Not used
DMARDs (123), PSL (65)
46 (mean)
ETN (9), IFX (41)
MTX (780), others (16)
51 (mean)
ADM (7)
ND
54 (mean)9
ETN (20), ADM (10), IFX (4)
ND

27 (mean)
24
43 (mean)
24
45 (mean)

No
No
No
No
No

0
0
0
0
0

[46]
[47]
[48]
[55]
[57]

27 (mean)5
55, 32, 17
(median)
25 (mean)
12

2
No

0
010

[58]
[60]

No
No

144
6 (11.5)

[29]
[49]

12

No

1 (1.2)

[49]

23 (mean)6

No

0

[50]

23 (mean)6

No

1 (33)

[50]

ND

No

1 (2.8)

[51]

ND

No

1 (4.2)

[51]

6

No

1 (16.7)

[52]

6

No

5 (17.2)

[52]

18 (median)

No

3 (5.3)

[59]

ND
20 (mean)
12 (mean)
ND
19, 28, 29
(mean)
19 (mean)5

No
No
No
No
No

1 (1.4)
2 (1.1)
0
0
0

[53]
[54]
[56]
[114]
[113]

No

0

[115]

60 (mean)5

DMARDs (80)5,
MTX (41)5, PSL (85)5

RTX (12)

1

Resolved HBV infection was defined as HBsAg-negative/anti-HBc-positive serology; 2Study numbers 1-16 correspond to those used in Table 2; 3In these
studies, HBsAg-negative/anti-HBs-positive/anti-HBc-negative serology was also considered to indicate resolved infection if patients had no history of
HBV vaccination; 4In this study, 14 patients showed an abnormality in a liver function test (a twofold or greater increase of aminotransferases on two
consecutive tests), but HBV reactivation could not be confirmed (no data on viral load); 5Data reported for all patients included in this study, not just for
those with resolved infection; 6Data reported for all patients included in this study, not separately reported according to the use or nonuse of biological
DMARDs; 7This study was performed on psoriatic arthritis patients in Italy; 8Some patients in these studies received two or three different biological
DMARDs; 9Data reported for all psoriasis patients included in this study, not just for those with psoriatic arthritis; 10In this study, seven patients showed an
abnormality in a liver function test (among those, three had a twofold or greater increase of aminotransferases), but no HBV DNA was detected. DMARDs:
Disease-modifying antirheumatic drugs; PSL: Prednisolone; MTX: Methotrexate; RTX: Rituximab; TCZ: Tocilizumab; ANK: Anakinra; ABT: Abatacept;
ADM: Adalimumab; IFX: Infliximab; ETN: Etanercept; GOL: Golimumab; ND: Not described.

rate (study 8). Among 712 patients receiving biological
DMARDs, 12 experienced HBV reactivation (1.7%)
during treatment with these drugs (cases 2, 4-13,
and 15 in Table 4). HBV reactivation occurred in seven
patients during treatment with etanercept, three with
tocilizumab, one with adalimumab, and one with
rituximab. No patients experienced HBV reactivation
during infliximab therapy. When calculated using data
from all studies (except for studies 2, 4, and 8), the
reactivation rates were 2.4% for etanercept therapy,
8.6% for tocilizumab, 0.6% for adalimumab, and 3.3%
for rituximab. There were no fatal cases.
HBV reactivation was observed in 10 out of
327 patients who were treated with non-biological
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DMARD alone (3.2%: cases 2, 3, 7, and 9-15 in Table
5). Four patients were treated with MTX, four with
cyclophosphamide, three with tacrolimus, two with
sulfasalazine, and one with leflunomide at the time of
reactivation. Thirty-percent of cases received two nonbiological DMARDs. Most patients received steroids
concomitantly with DMARDs, and in half of such cases,
reactivation occurred after steroid pulse therapy. Three
patients died of causes not directly related to liver
disease.
[116]
Recently Lee et al
showed in a systemic review
that HBV reactivation associated with anti-TNFα
therapy was observed in 8 out of 468 rheumatic
disease patients with resolved infection (1.7%). In
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Table 4 Characteristics and outcomes of rheumatic disease patients with resolved hepatitis B virus infection who experienced viral
reactivation during treatment with biological disease-modifying antirheumatic drugs
Case

1

2

Age/sex

Disease

Anti-HBs/
anti-HBe

DMARDs

Duration

HBV-DNA
(copies/mL)

ALT (IU/L)

Antiviral
therapy

Outcomes

Ref

1

71/F

RA

Pos./Pos.

80/F

RA

ND

3
4
5
6
7
8
9
10
11
12

73/M
54/F
75/ND
60/ND
49/ND
46/ND
65/ND
77/ND
75/M
55/F

AS
RA
RA
RA
RA
RA
RA
RA
RA
RA

Pos./Pos.
Neg./Pos.4
ND
ND
ND
ND
ND
ND
ND
ND

13
14
15
16
17

60/F
64/F
71/F
64/F
78/M

RA
RA
RA
RA
RA

ND
Pos./ND
Neg./ND
Pos./Neg.
Pos./ND

18
19

68/F
72/F

RA
RA

Neg./Pos.
Pos./Pos.
Pos./Pos.

16 mo
11 mo
48 mo
4 mo
15 mo
14 mo
5 mo
ND
ND
ND
ND
ND
ND
2 mo
25 mo
35 mo
2 mo
65 mo
24 mo
4 wk
2 yr
ND
27 mo
10 mo
2 yr
13 mo

ND
1 × 109
Neg.
Neg.
Pos.3
8.8 × 103
1.6 × 106
2.5 × 102
1.0 × 102
2.5 × 107
5.0 × 103
1.0 × 105
1.0 × 102
Pos.3
Neg.
Neg.
Pos.3
Pos.3
> 1.0 × 108
Pos.
1.1 × 108
ND
107
1.1 × 108
Neg.
7.0 × 104

NR
674
NR
NR
NR
65
199
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
72
NR
605
NR
421
NR
NR
2 × ULN

Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
No
No
Yes
No
Yes
Yes
Yes
Yes

Died5
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered

[119]

2

IFX, MTX, PSL
ADM, MTX, PSL
IFX, MTX, PSL
ETN, MTX, PSL
ADM, MTX, PSL
ETN, PSL
ETN, MTX, PSL
ETN, MTX, PSL
ETN, LEF
ETN, BUC, PSL
ETN, MTX, TAC
ETN, PSL
TCZ, MTX
TCZ, PSL6
IFX
ETN
TCZ, MTX PSL6
ETN, MTX, PSL6
RTX, MTX
RTX, PSL
RTX, MTX
IFX, MTX, PSL
RTX, PSL
ABT, MTX
ADA, PSL
ABT, LEF, PSL

[51]

[118]
[53]
[49]
[49]
[49]
[49]
[49]
[49]
[59]
[59]

[59]
[123]
[52]
[124]
[122]
[125]
[120]

No patients had received preemptive therapy against HBV infection. Underlined entries represent biological agents. 1HBV-DNA levels were determined at
diagnosis of HBV reactivation; 2ALT values were determined at diagnosis of HBV reactivation or were the highest values measured after HBV reactivation;
3
HBV-DNA tested positive on real-time PCR, but DNA levels were below 2.1 log copies/ml; 4An HBV-DNA level was 3.5 log copies/ml; 5The patient
died of hepatic failure; 6The patient continued biological therapy after HBV reactivation. RA: Rheumatoid arthritis; AS: Ankylosing spondylitis; DMARDs:
Disease-modifying antirheumatic drugs; PSL: Prednisolone; MTX: Methotrexate; BUC: Bucillamine; LEF: Leflunomide; TAC: Tacrolimus; RTX: Rituximab;
ADM: Adalimumab; IFX: Infliximab; ETN: Etanercept; TCZ: Tocilizumab; ABT: Abatacept; HBV: Hepatitis B virus; anti-HBs: Anti-hepatitis B surface
antibody; anti-HBe: Anti-hepatitis B e antibody; ALT: Alanine aminotransferase; Neg.: Negative; Pos.: Positive; ULN: Upper limits of normal; NR: Normal
range; ND: Not determined or not described.

[99]

another systemic review, Cantini et al
reported that
the pooled prevalence of HBV reactivation during antiTNFα therapy was 3.0% for patients with rheumatic or
dermatologic conditions who were diagnosed as having
[98]
resolved infection. Pérez-Alvarez et al
reported
that in patients with resolved infection receiving TNFα
inhibitors, the reactivation rate was 5% (9 out of 168
patients).

Cases of HBV reactivation in the literature

Through the literature search, we identified 34 cases
of HBV reactivation occurring in patients with resolved
infection who were receiving biological and/or nonbiological DMARDs for rheumatic diseases (Tables 4
[49-54,59,75,117-125]
and 5)
. Among these cases, 22 were
identified in the cohort studies mentioned above
(studies 9-15 in Table 3) and the others were published
as case reports. No patients received antiviral
prophylaxis, 19 received biological DMARDs, and 15
were treated with non-biological DMARDs alone.
Concerning the case of HBV reactivation associated
with biological DMARDs, all except one (an ankylosing
spondylitis case) were RA. The biological DMARDs used
at the reactivation were etanercept in eight patients,
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adalimumab in two, tocilizumab in three, rituximab
in four, and abatacept in two. One patient was HBVDNA positive at baseline (case 4), and six patients
were anti-HBs-positive. A mean interval from the start
of biological DMARDs to the time of reactivation was
16.4 mo in 13 patients for whom data were available.
Among 19 patients experiencing HBV reactivation,
seven (37%) had an increase in serum ALT following
HBV reactivation, suggesting the development of de
novo hepatitis (cases 1, 3, 4, 14, 16, 17, and 19).
One patient developed fulminant hepatitis and died
of hepatic failure (case 1). Seven patients recovered
without antiviral treatment (cases 2, 6, 10-13, and
15), and their HBV-DNA was positive but below 2.1 log
copies/ml at the time of reactivation.
In cases involving HBV reactivation associated with
non-biological DMARD therapy alone, half were RA
patients. All patients except for one received steroids
in combination with non-biological DMARDs at the time
of reactivation. One third of patients underwent steroid
pulse therapy. HBV-DNA was detected in one patient
at baseline (case 3), and three was anti-HBs-positive.
A mean interval between the start of non-biological
DMARD therapy and reactivation was 14.1 mo in all
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Table 5 Characteristics and outcomes of rheumatic disease patients with resolved infection who experienced viral reactivation
during treatment with non-biological disease-modifying antirheumatic drugs
Case

1

2

Age/sex

Disease

Anti-HBs/anti-HBe

DMARDs

Duration

HBV-DNA
(copies/mL)

ALT
(IU/L)

Antiviral
therapy

Outcomes

Ref

1
2
3
4
5
6
7
8

74/F
43/F
73/F
72/M
57/F
59/F
47/F
75/M

DM
RA
RA
TA
RA
RA
RA
DM

ND /Pos.
ND/Pos.
Pos./Pos.3
Neg./ND
ND4
ND
ND/Pos.
Neg./ND

12 mo
1 mo
10 mo
6 mo
5 mo5
7 yr
15 mo
15 mo

1.7 × 107
3.5 × 103
5.0 × 104
> 1.0 × 108
> 1.0 × 109
1.6 × 107
6.5 × 103
7.4 × 105

146
79
480
308
2012
378
31
657

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

Died7
Recovered
Recovered
Recovered
Recovered
Died7
Recovered
Recovered

[75]
[54]
[50]
[123]
[121]
[117]
[54]
[123]

9

67/F

RA, MCD

ND

37 mo
5 mo

Neg.
Pos.3

NR
NR

Yes

Recovered

[51]

10
11
12
13

74/ND
77/F
78/F
58/F

RA
RA, IP
MPA
SLE

ND
Pos./ND
Neg./ND
Neg./ND

ND
4 wk
8 wk
4 wk

1.0 × 103
4.2 log
1.8 log
7.5 log

NR
NR
NR
NR

Yes
Yes
No
Yes

Recovered
Recovered
Recovered
Died7

[49]
[52]
[52]
[52]

14
15

30/F
59/F

SLE
SLE

Neg./ND
Pos./ND

AZA, PSL
LEF, SSZ, PSL
MTX
MTX, PSL
MTX, PSL
MTX, PSL
MTX, SSZ, PSL
MTX, AZA,
CYA, PSL
MTX
MTX, TAC,
PSL6
MTX, PSL
TAC, PSL6
CPA, PSL
CPA, TAC,
PSL6
CPA, PSL6
CPA, PSL6

8 wk
4 wk

Pos.
Pos.

Elevated
NR

ND
ND

Died7
Died7

[52]
[52]

No case had received preemptive therapy against HBV infection. 1HBV-DNA levels were determined at diagnosis of HBV reactivation; 2ALT values
were determined at diagnosis of HBV reactivation or were the highest values measured after HBV reactivation; 3HBV-DNA level was below 2.1 log
copies/mL but HBV-DNA tested positive on real-time PCR; 4Anti-HBc was also not searched; 5The patient had received PSL and MTX (10 mg/wk) for
15 and 5 years prior to viral reactivation, respectively. Five months previously, the MTX dose had been increased to 12 mg/wk; 6The patient received
steroid pulse therapy; 7The patients died of cerebral infarction (case 1), liver failure (case 6), sepsis (cases 13 and 14), and hemolytic anemia (case 15). DM:
Dermatomyositis; RA: Rheumatoid arthritis; MCD: Minimal change disease; IP: Interstitial pneumonia; MPA: Microscopic polyangiitis; SLE: Systemic lupus
erythematosus; DMARDs: Disease-modifying antirheumatic drugs; PSL: Prednisolone; MTX: Methotrexate; AZA: Azathioprine; CYA: Cyclosporine A; LEF:
Leflunomide; SSZ: Sulfasalazine; TAC: Tacrolimus; CPA: Cyclophosphamide; HBV: Hepatitis B virus; anti-HBs: Anti-hepatitis B surface antibody; antiHBe: Anti-hepatitis B e antibody; ALT: Alanine aminotransferase; Neg.: Negative; Pos.: Positive; ULN: Upper limits of normal; NR: Normal range; ND: Not
determined or not described.

studies, except for one that lacked data on the interval
period. Half of the patients had normal ALT levels at
the time of reactivation. One patient died of hepatic
failure (case 6) and four others of diseases not directly
related to hepatitis (cases 1 and 13-15).

MANAGEMENT OF HBV REACTIVATION
IN RHEUMATIC DISEASE PATIENTS
In 2014, the Japan Society of Hepatology updated the
[126]
guidelines for the management of HBV infection
.
Based on these updates, we recommend the following
measures to prevent HBV reactivation in patients
who are scheduled to receive biological and/or nonbiological DMARDs.

Screening

Considering the risk of HBV reactivation during
antirheumatic therapy and the effectiveness of
antiviral prophylaxis with oral nucleoside analogue
(NA), all rheumatic disease patients who are
scheduled to start treatment with biological and/or
non-biological DMARDs should receive screening for
HBV infection. HBV serology (HBsAg, anti-HBc, and
anti-HBs) should be screened first since it provides
information regarding the status of HBV infection, as
shown in Table 1. Chemiluminescent immunoassay/
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chemiluninescent enzyme immunoassay (CLIA/CLEIA)
is recommended for determining HBV serology. HBVDNA should be determined using a highly sensitive
PCR technique such as a real-time PCR method.
One study pointed out that low baseline antiHBs titers might be a risk factor for HBV reactivation
in rheumatic disease patients with HBsAg-negative
[52]
serology . Several studies, however, reported a
significant decrease in anti-HBs titers of rheumatic
disease patients with resolved HBV infection or
vaccinated patients during treatment with TNFα
inhibitors and/or MTX. Yet no reactivation was
observed in these patients, except in one who was
[46,50,53,127]
HBV-DNA-positive at baseline
. In addition,
as shown in Tables 4 and 5, viral reactivation occurred
even in anti-HBs-positive rheumatic disease patients.
In vaccinated subjects, immune memory appears
to remain intact for more than 20 years following
immunization, which allows for an anamnestic antiHBs response upon exposure to HBsAg, even in
[128]
subjects who have lost this antibody
. Thus, a
decrease in anti-HBs or even their disappearance does
not necessarily indicate loss of protection. This might
be true for rheumatic disease patients with resolved
HBV infection, although it should be kept in mind
that antigen-specific memory B cell responses may
[129,130]
decrease during anti-TNFα therapy
.
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Prophylaxis and treatment of HBV reactivation

For HBsAg-positive patients, HBV-DNA should be
4
determined. If HBV-DNA levels are higher than 10
copies/ml with or without increased ALT levels, NA
therapy should be started as soon as possible, whether
antirheumatic therapy is required or not. When HBV4
DNA levels range from negative to 10 copies/ml and
normal ALT levels are present, patients are categorized
as inactive HBsAg carriers and considered to be at
increased risk of HBV reactivation during antirheumatic
therapy. These patients should receive universal
antiviral prophylaxis before starting therapy.
Although patients with resolved HBV infection seem
to be less likely to develop viral reactivation compared
with HBsAg carriers, HBV-DNA levels should also be
measured. If the level is equal to or higher than 2.1
log copies/ml, prophylactic NA therapy should be
started before the beginning of antirheumatic therapy.
If HBV-DNA is lower than 2.1 log copies/ml, careful
and periodical monitoring of serum levels of HBVDNA, ALT, and HBsAg during antirheumatic therapy
is recommended. Theoretically, the implementation
of antiviral prophylaxis for all patients with resolved
infection might be the most effective in preventing HBV
reactivation. Considering the prevalence of the HBsAgnegative/anti-HBc-positive serology in endemic areas
and the high cost of entecavir, however, universal
prophylaxis is not recommended. The administration
of antiviral NA can be deferred until the detection of
[25]
serum HBV-DNA or HBsAg seroconversion .
For patients with completely negative serology, a
conventional follow-up is generally performed, but the
measuring of HBV-DNA is desirable prior to the start
of antirheumatic therapy because of the presence of
occult infection in patients negative for all serological
[13]
markers for HBV .
For all patients who need the use of NAs, the type,
length, and appropriate monitoring measures should
always be decided upon through consultation with
a hepatologist experienced in the management of
HBV infection. Prophylaxis should be started as early
as possible prior to commencing DMARD therapy.
There are several NAs approved for the prophylactic
treatment of HBV infection, including lamivudine,
adefovir, and entecavir. When considering potent
antiviral activity, extremely low rates of resistance
development, and long-term use of antirheumatic
drugs, entecavir is preferable as the first-line antiviral
[131,132]
prophylaxis for rheumatic disease patients
.
If HBV reactivation occurs during antirheumatic
therapy, the medical advice of a hepatologist should
be sought. Ongoing antirheumatic therapy should
be continued, because immune restoration following
withdrawal of DMARDs can cause rapid, immunemediated destruction of HBV-infected hepatocytes and
[25]
resultant hepatitis .
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IMPORTANT, UNANSWERED
QUESTIONS REGARDING PROPHYLAXIS
OF HBV REACTIVATION DURING
ANTIRHEUMATIC THERAPY, ESPECIALLY
FOR PATIENTS WITH RESOLVED
INFECTION
A number of recommendations/consensus statements
have been established, but most of the supporting
evidence was derived from the oncology and trans
plantation fields. Compared with patients in these
fields, rheumatic disease patients generally undergo
immunosuppressive therapy for longer periods. In
addition, these patients are subject to a more tailored
treatment for better control of disease activity. As a
result, multiple immunosuppressants are administered
throughout the patient’s life.

How frequently should HBV-DNA monitoring be
performed during antirheumatic therapy?

Two study groups in Japan jointly developed guidelines
for the prevention of HBV reactivation in patients
receiving chemotherapy or immunosuppressive
[25]
therapy . Based on these guidelines, the Japan
College of Rheumatology (JCR) has recommended that
monitoring of viral load and ALT levels be performed
at monthly intervals during antirheumatic therapy
and that this monitoring be continued for at least 12
[133]
mo after the cessation of therapy
. For rituximabtreated lymphoma patients, periodic monitoring of
HBV-DNA allowed early commencement of antiviral
therapy, which prevented the development of hepatitis
[10,12]
and produced favorable outcomes
. But clinical
evidence has not provided enough information to
determine the optimal frequency and duration of HBV[24]
DNA monitoring in such patients . Hepatitis seems
to occur after a delay that lasts for several days or
weeks from the rise in or reappearance of serum HBV[5,6]
[8]
DNA . Hui et al showed that a 100-fold increase
in serum HBV-DNA preceded de novo HBV-related
hepatitis by a median of 18.5 wk (range, 12-28 wk) in
lymphoma patients who were receiving chemotherapy.
There is no such data for rheumatic disease patients.

What is the optional duration of antiviral prophylaxis?

The optimal time point for the initiation of antiviral
prophylaxis has not entirely been established. How
early should antiviral prophylaxis be started to avoid
viral reactivation? Several studies recommended
that NAs should be administered 1-2 wk before
[102,134,135]
immunosuppressive therapy for HBsAg carriers
.
When can antiviral prophylaxis be discontinued? Most
guidelines and consensus statements recommend that
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antiviral prophylaxis be continued at least 6-12 mo after
the cessation of immunosuppressive therapy. However,
rheumatic disease patients often change DMARDs
according to disease activity scores, and, in most
cases, antirheumatic therapy continues throughout
the patient’s life. Expensive entecavir prophylaxis, in
addition to biological therapy, is an economic burden
to patients and societies. Reliable markers for making
a decision regarding the discontinuation of antiviral
prophylaxis are required for rheumatic disease patients.

7

8

9

CONCLUSION
With the increased use of biological and/or nonbiological DMARDs, it has become evident that HBV
reactivation occurs in rheumatic disease patients with
HBsAg-negative/anti-HBc-positive serology. This is a
critical issue requiring special attention, especially in
endemic regions. The incidence of HBV reactivation
is lower in HBsAg-negative patients than in inactive
HBsAg carriers. While the mortality of de novo hepatitis
is reportedly high in patients receiving anticancer
chemotherapy, the outcome in rheumatic disease
patients is favorable, which may be explained by an
increased awareness of the risk for HBV reactivation in
this patient population, the close monitoring of serum
HBV-DNA, and the use of NAs at an early stage of HBV
reactivation. At present, regular monitoring of serum
viral DNA seems to be the most rational approach
to preventing the devastating outcomes of HBV
reactivation during antirheumatic therapy. Prophylactic
strategies with NAs should be determined through
a consultation with a liver specialist. Considering
the lifelong use of multiple antirheumatic drugs, we
need more specific guidelines for the management
of rheumatic disease patients who are scheduled to
receive biological and/or non-biological DMARDs.
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Abstract
A few decades ago, liver transplantation in patients

WJG|www.wjgnet.com

with chronic hepatitis B virus (HBV) infection was
considered a relative contraindication because of
the high rate of graft infections and poor prognosis.
Since then, remarkable progress was introduced by
using nucleos(t)ide analogues and/or hepatitis B
immunoglobulin (HBIg) and liver transplantation for
HBV-related disease is now becoming one of the good
indication. However, high cost burden is the main
problem for this combination prophylaxis for a long time
use, and this issue should be emerged to be resolved.
In this review, we show the progress of post antiHBV strategies showing the history from introduction
of HBIg and nucleos(t)ide analogues to recent new
strategies with hepatitis B vaccine or saving or stopping
protocols of HBIg, and clarify and discuss how to do
for further improvement of prevention strategies with
better quality.
Key words: Liver transplantation; Hepatitis B virus;
Prophylaxis; Hepatitis B immunoglobulin; Nucleos(t)ide
analogue; Hepatitis B vaccine; Escape mutant
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver transplantation for patients with hepatitis
B virus (HBV)-related diseases is made remarkable
progress since combination prophylaxis with nucleos(t)ide
analogues and hepatitis B immunoglobulin was
introduced. This combination prophylaxis is established
as the gold standard in these days, however, the
biggest problem is the high cost for longer use of these
drugs. In this study, we show the history of preventive
strategy against HBV after liver transplantation,
and discuss what to and how to resolve the issues
concerning posttransplant anti-HBV strategies with
reported literature.
Ishigami M, Ogura Y, Hirooka Y, Goto H. Change of strategies
and future perspectives against hepatitis B virus recurrence
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HEPATITIS B VIRUS-A LEADING
INDICATION FOR LIVER
TRANSPLANTATION
Worldwide, 500 million people are estimated to be
[1]
chronically infected with hepatitis B virus (HBV) .
Chronic HBV infection induces liver failure due to
liver cirrhosis and/or hepatocellular carcinoma, and
[2,3]
accounts for 500000-1000000 deaths annually . This
trend is especially marked in Asian-Pacific countries,
and more than 5000 liver transplants are performed
[4]
annually in these countries . In Western countries,
5%-10% of liver transplantation is performed for
[5-8]
patients with HBV-related liver diseases , compared
[9]
[10]
with 12.4% in Japan , up to 80% in South Korea ,
[11]
and up to 90% in China . Therefore, the control of
HBV is an important issue for improving long-term
survival after transplantation, especially in Asian
countries.
Since HBV was identified in 1968, treatment has
changed, and, accordingly, anti-HBV strategies before
and after liver transplantation have also changed. In
this review, we try to summarize past and present
peri- and post-operative anti-HBV strategies for liver
transplant patients, and discuss future perspectives
and issues that should be resolved.

WHY IS THE CONTROL OF HBV
DIFFICULT?-THE COMPLICATED HBV LIFE
CYCLE AND WEAK IMMUNOLOGICAL
RESPONSE IN CHRONIC CARRIERS
HBV is a unique virus in some respects; it infects
only humans and apes, and is an incomplete, doublestranded, circular DNA virus with quite a complicated
life cycle, in that it is first transcribed into pregenomic
[12]
RNA, and then back to DNA . As HBV passes through
many steps for replication, there are many chances
for drug-resistant mutations to arise. Also, HBV-DNA
becomes a very stable transcript, covalent circular DNA
(cccDNA), in the nucleus of host hepatocytes during its
[12,13]
life cycle
.
Because of these unique aspects, treatment for
HBV appears to be very difficult and complicated.
Nucleos(t)ide analogue therapy is one of the recent
standards for treatment of HBV. This agent targets
DNA polymerase, which is important for the formation
of DNA from pregenomic RNA; inhibition of the
polymerase stops HBV-DNA replication very efficiently.
On the other hand, if pressure toward a specific site
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continues, the virus tries to escape for its own survival,
[14]
and finally becomes drug-resistant . Furthermore,
cccDNA, which exists in the nucleus in a very stable
form, is not targeted by nucleos(t)ide analogues, and
[15]
this form can survive stably during the treatment .
Thus complete virus eradication is difficult.
Another aspect is the immune response to HBV.
In chronic HBV carriers, specific T cell responses
[16]
against HBV were shown to be narrowly focused .
Furthermore, to control viral infection, coordination of
innate and adaptive immune responses is necessary,
and many steps of this series of immune reactions
were proven to be suppressed by many molecular
[17]
and immunological investigations . In transplant
patients, immunosuppressants are necessary to avoid
rejection of the grafts, and these drugs target mainly
lymphocytes (either T or B cells, or both) through
[18]
several mechanisms . These situations add to the
difficulties with controlling HBV.

HBV-related disease was a
relative contraindication for
liver transplantation several
decades ago
A few decades ago, the prospect of liver transplantation
for patients with HBV infection was completely
different from recent times. Before prophylaxis for
HBV was introduced, the risk of graft reinfection
[19,20]
was reportedly 80%-100%
, and patients with
a high viral load preoperatively had a higher risk for
[21-23]
HBV reinfection
. Recurrence of hepatitis B after
liver transplantation considerably reduced graft and
[19,24-26]
patient survival
. In the short term, patients
with recurrence were at risk for fibrosing cholestatic
hepatitis or fulminant hepatitis, and, in the long term,
[19,27]
for cirrhosis
. Consequently, the mortality rate was
[28]
50% 2 years after liver transplantation . Thus, liver
transplantation in patients with chronic HBV infection
was considered a relative contraindication in those
days. So how did this situation dramatically change in
the last 20 years?

Development of effective posttransplant HBV prophylaxis
Anti-HBs hepatitis B immunoglobulin monoprophylaxis
[23]

In 1991, Samuel et al
reported a trial of polyclonal
anti-hepatitis B surface antigen antibody [anti-HBs
hepatitis B immunoglobulin (HBIg)], and in 1993,
they reported the results of a European multicenter
[29]
study of this prophylaxis regimen . Of 110 HBsAgpositive patients who received liver transplantation
and were treated with high-dose HBIg from the
anhepatic phase, HBsAg reappearance occurred in only
25 (22.7%) within 2 years, and the overall survival
rates improved to 83.6% 1 year, and 74% 2 years,
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[23]

after transplantation . That effectiveness of longterm HBIg administration was superior for both HBV
recurrence and actual survival was confirmed in a
[29]
European multicenter trial by 17 institutions .
From the early 1990’s, HBIg monoprophylaxis
became a major regimen for prophylaxis of post[7,30]
transplant HBV recurrence
. Studies conducted by
several groups demonstrated that in long-term followup, as long as 10 years, HBV recurrence was 56.5%
by maintaining the anti-HBsAb level at > 100-150
[31]
IU/l , and 16%-35% by maintaining the level at >
[31-35]
500 IU/l
, which seems to be a dose-dependent
[23-29]
effect
.

Nucleos(t)ide analogue monoprophylaxis, in the
lamivudine era

In the mid-1990’s, the first nucleoside analogue,
lamivudine, which acts as a reverse transcriptase
[36]
inhibitor, was approved
for use as an effective
[37]
treatment for both HBeAg-positive
and -negative
[38]
patients . In transplanted patients, this drug was tried
first without administration of HBIg. Preliminary results
were quite promising, in that only 1 of 10 patients
[39]
had recurrence of HBV 1 year after transplantation .
However, with longer follow-up, several groups
reported that the recurrence rate was 22%-50%,
and HBV-related death was shown to be 0%-15.3%
[31,40-42]
in these patients
. The main mechanism of
recurrence in these patients was emergence of escape
mutations in the YMDD motif of the polymerase
[43]
gene , as shown in non-transplant HBV-positive
patients; and sometimes these patients had a severe
[31,44]
clinical outcome
. Ultimately, monoprophylaxis
with lamivudine for prevention of post-transplant HBV
recurrence was quite disappointing.

Nucleos(t)ide analogues in combination with HBIg-the
recent gold standard for prevention of post-transplant
HBV recurrence

The next conceptual strategy was using the combination
of agents that were effective to some extent, as
described above; lamivudine and HBIg. Markowitz
[45]
et al
first reported the effect of lamivudine admini
stration prior to transplantation and combination with
lamivudine and HBIg after transplantation for antiHBV prophylaxis. First results were excellent in that
13 of 14 (92.9%) patients who received lamivudine
prior to transplantation had no detectable HBV-DNA
at transplant, and no HBV recurrences were seen
during 13 mo of follow-up after transplantation.
Since then, several groups have confirmed the effec
tiveness of this combination treatment, and HBV
recurrence was reported to be < 10% 1-2 years after
[31,46-48]
transplantation
.
Over 10 years, this combination treatment became
the gold standard for prevention of post-transplant
[4,49,50]
HBV recurrence
and currently most transplant
centers use this treatment concept.
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Future perspectives for this
established preventive regimenissues that should be resolved
Recent status and future perspectives

As described above, the combination of nucleos(t)ide
analogues and HBIg was established as an effective
regimen for prevention of post-transplant HBV
recurrence. However, this combination treatment has
an essential weakness-namely, its high cost.
Basically, high-dose HBIg is necessary in the first
postoperative month, and regular HBIg administration
is also necessary to maintain a target level of HBsAb
titers to prevent recurrence. The costs of representative
reported regimens in the first year are shown in Table
[7,14,31,45-48,51-56]
1
. Basically, around $40000 United States
per patient should be spent in the first year. And for
each additional year, costs continue at $25000-$40000
[15,50,57]
United States per year
.
In addition, some new nucleos(t)ide analogues with
high genetic barriers, other than lamivudine, such as
adefovir, entecavir, and tenofovir, have successively
appeared in clinical practice, further changing the field
of prevention of post-transplant HBV recurrence.

Recent status of nucleos(t)ide use in transplant
patients-a focus on genetic barriers

Lamivudine was the main nucleos(t)ide analogue in
use until a decade ago, however, it has an essential
weakness-development of a high proportion of
drug resistant mutations. The most common site
is substitution of methionine to valine or isoleucine
(rtM204V/I) in the tyrosine-methionine-asparateasparate (YMDD) motif in the HBV-DNA polymerase
[16]
region . Resistance can be detected in 14%-32%
[1,37,58,59]
after 1 year of treatment
, and increases up to
[1,60,61]
60%-70% after 5 years of treatment
.
In the situation of transplant patients, combination
of HBIg with lamivudine dramatically reduced the
appearance of drug-resistant mutations after liver
transplantation; however, in a recent systematic
review, such mutations were detected in 5.7%
[62]
of patients . Of note, among the patients who
had recurrence by this mechanism, pre-transplant
existence of this mutation, especially in patients
treated for a long time before transplantation, could
[63]
have been a risk factor for recurrence .
Adefovir dipivoxil was reported to have effective
in vitro and in vivo activity against lamivudineresistant HBV mutants as well as against wild type
[64]
virus . Also, in the transplant field, adefovir has
recently been used along with lamivudine if drug
[65]
resistance is discovered . In a recent systematic
review, combination therapy of adefovir and HBIg
with or without lamivudine was superior in efficacy
to combined lamivudine and HBIg and lamivudine
alone for preventing post-transplant HBV recurrence
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Table 1 Comparison of amounts and costs of hepatitis B immunoglobulin for combination prophylaxis with nucleos(t)ide analogues
[7,51]
in previous publications
Ref.

Patients
(n )

Protocol (HBIg)

Follow-up months
median or average

HBV recurrence

HBIg amount
V/1000IU/3 mo

HBIg cost
US dollars

Markowitz et al[45]

14

12

0

100

40000

Yao et al[[52]

10

15.6

1 (10)

86.26

34500

Yoshida et al[53]

18

18

0

52-67

20800-26800

Mazano et al[47]

33

30

1 (3)

56.5

23000

Rosneau et al[46]

21

21

2 (9.5)

> 45

> 18000

Roche et al[31]

15

> 120

1 (6.6)

100

40000

Han et al[48]

59

35

0

100

40000

Seehofer et al[54]

17

25

3 (18)

83-84

25200-25600

Wong et al[55]

21

25

2 (9.5)

90

36000

Takaki et al[56]

18

80KIU iv 1st month
Then 10KIU iv/mo
80KIU iv + 3.3KIU im x 1 mo
Then 1.48KIU im/mo
43.4KIU im 1st month
4.3-6.8KIU im/mo thereafter
46.5KIU iv 1st week
5KIU/mo thereafter
45KIU iv 1st week
HBsAb > 500 until 14POD
HBsAb > 200 thereafter
80KIU iv 1st month
10KIU/month iv thereafter
80KIU iv 1st month
10KIU/month iv thereafter
80KIU iv 1st month
1.5-2KIU/month to maintain
HBsAb > 100
70KIU iv 1st month
10KIU/month iv thereafter
200IU/kg iv for 1 wk
HBsAb > 100 following 5 mo
HBsAb > 10 thereafter
10KIU iv anhepatic phase
5KIU iv following 6 d
4KIU im following 3 wk

18

0

47

18800

18

1 (7.1)

52

20800

Buti et al[14]

For these calculations, 1 US dollar = 100 yen. Estimated cost of HBIg: 400 dollars. HBV: Hepatitis B virus; HBIg: Hepatitis B immunoglobulin.

[30]

(2.0% vs 6.1%, P = 0.024) . Thus, in most
cases adefovir was administered supplementary to
lamivudine, especially in cases of lamivudine-resistant
[66-68]
mutations
.
Recently, anti-HBV drugs with high genetic barriers
were successively developed. Two of most frequently
used nucleos(t)ide analogues in the transplant field
are entecavir and tenofovir. Entecevir was first
approved by the FDA in March, 2005. This drug was
apparently shown to have a high genetic barrier for
drug resistance mutations; that is, the rate was 1.2%
[69,70]
after 5 years of continuous use
. With regard
to the transplant field, post-transplant recurrence
of HBV was shown to be significantly lower with
combined entecavir and HBIg prophylaxis (3/197;
1.5%) compared with lamivudine-based combined
prophylaxis regimens (115/1889; 6.1%, P < 0.001),
[15,50,57]
as reported in a recent systematic review
.
Tenofovir was first approved as an anti-HIV drug
in October, 2001, was also shown to have an antiHBV effect, and was approved as an anti-HBV drug in
August, 2008. Resistance to tenofovir was reported
as 0% after 5 years of treatment in non-transplant
[69,70]
patients
. HBV recurrence in patients taking
tenofovir combined with HBIg as post-transplant
HBV prophylaxis was reported as 0% (0/106) in the
[67]
systematic review mentioned above . There were no
apparent differences of recurrence between entecevir
[71]
and tenofovir combined with HBIg . These data

WJG|www.wjgnet.com

suggest that recent NAs with high genetic barriers
should be used in standard treatment regimens.

HB vaccine-attractive alternative for cost savings, but
premature

Successful HB vaccine induction was first reported
[72]
by Sanchez-Fueyo et al ; 82% of patients after
liver transplantation responded to the vaccine. Since
then, several transplant centers have attempted to
implement this new concept of prophylaxis; however,
[73-77]
most results were quite disappointing
. Overall, HB
vaccination after liver transplantation is less effective
than expected.
However, some treatment manipulations and careful
selection of patients might improve the effectiveness
of post-transplant vaccination against HBV. Bienzle
[78]
et al
showed an 80% response in HBV carriers to
vaccine containing 3-deacetylated monophophoryl
lipid A (MPL-A) and natural saponin as an adjuvant.
They also showed that a significant cellular immune
response inhibited regulatory T cells, which was
[79]
related to the good response to the vaccine .
[80]
Tahara et al
described an interesting method to
monitor the recipients’ immune status by using the
mixed lymphocyte reaction with the CFSE-labeling
technique; the immune status of hyporesponsiveness
to donor lymphocytes but response to anti-third party
lymphocytes was a key point for successful vaccine
response, and the response rate was 64.7% in HBV
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carriers.
Non-HBV patients who received grafts from HBcAbpositive donors and patients with fulminant hepatitis
due to HBV infection have also been populations
targeted for prophylaxis against HBV. In both popu
lations, vaccine response was generally good in
[81-83]
[84,85]
pediatric
, and adult cases
, and we showed
by direct comparison that vaccine response was
significantly better in non-HBV patients than in HBV[86]
carriers .
In summary, the HB vaccine response of trans
planted patients is quite disappointing, but some
improvements seem to be pending. At this moment,
some treatment manipulations and proper patient
selection can be expected to yield a satisfactory level
of response.

HBIg-Is lifelong treatment really necessary?

Needless to say, HBIg is one of the most important
key drugs for the prevention of HBV recurrence after
liver transplantation. However, the biggest issue for
using HBIg is the high cost burden for long-term use,
as described repeatedly. HBIg is definitely necessary
in the early postoperative period for controlling HBV
recurrence, but is lifelong treatment really necessary?
The first trial was designed to determine how far
an HBIg dose could be saved. One strategy was “on
demand” administration of HBIg to maintain a target
trough HBsAb level, and then lowering these trough
levels; the other was using “intramuscular” low-dose
[50]
administration of HBIg . In “on demand” protocols,
trough HBsAb titers were usually 50-100 IU/l, and
the HBV recurrence rate was < 10% in the distant
[87-90]
postoperative period
. Even with trough levels of 10
IU/l more than 12 mo after transplantation, reported
in 2/18 patients, and accompanied by transient lowtiter HBsAg-positivity, titers became negative after
reintroduction of HBIg, during a median follow-up
[56]
period of 57 mo . Intramuscular administration of
[3]
HBIg was first reported by Gane et al ; the dosage
was 400-800 IU daily for a week and monthly thereafter,
resulting in costs of less than 10% compared with
high-dose HBIg regimens, and the recurrence rate was
1% at 1 year and 4% at 5 years. In contrast, Zheng
[91]
et al
reported 15.2% recurrence at 2 years and
demonstrated that a high serum HBV-DNA level at
transplant was a significant risk factor accompanying
low-dose intramuscular HBIg administration.
The next trial concerned HBIg withdrawal in the
[14]
distant postoperative period. Buti et al
reported
a study of use for HBV recurrence prophylaxis after
liver transplantation of the combination of HBIg and
lamivudine for 1 mo and then randomization to 17
mo of either lamivudine monotherapy or combination
therapy in 29 patients. They showed no recurrence of
[55]
HBV at 18 mo. Wong et al
reported a retrospective
cohort study of 21 patients in whom recurrence rates
were 0% at 2 years and 9% at 4 years. One factor
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lowering the risk for HBIg recurrence after withdrawal
of HBIg was pre-transplant viral suppression. Fox et
[50]
al
reported in their review of the recent literature
that low viral load is definitely an important predictive
factor for preventing HBV recurrence after liver
[92,93]
transplantation
, and they concluded the best
candidates for HBIg withdrawal are patients with
[50]
enough pre-transplant suppression of HBV . Another
[94]
issue is the selection of NAs. Fung et al showed that
among 362 patients, even without HBIg prophylaxis,
none who received entecavir had HBV recurrence,
compared with 17% recurrence in patients who
received lamivudine. And in a recent meta-analysis,
HBIg withdrawal in patients who received NAs with
high genetic barriers was not inferior to those treated
with the combination of HBIg and NAs with high
genetic barriers (3.9% vs 1.0%, respectively, of HBV
recurrence, P = 0.17) and was lower than in those
treated with the combination of lamivudine and HBIg,
although this was not statistically significant (3.9%
vs 6.1%, P = 0.52). Collectively, studies suggest
that permanent administration of HBIg is not always
necessary for carefully selected patients.

HBs escape mutants; another HBV-related aspect of the
care of transplant patients

As described repeatedly, one of the key drugs for
prevention of HBV recurrence after liver transplantation
is HBIg. In some patients, repeated injection of antiHBs Ab has led to induction of HBs escape mutants by
blocking neutralization of HBV, as with the HB vaccine.
There are two reports that address this issue. Ueda
[95]
et al
reported that in patients who received livers
from HBsAg-negative, HBcAb-positive donors under
prophylaxis with HBIg without NAs, 19 of 75 patients
developed de novo HBV activation, and among them,
7 patients were confirmed to have anti-HBs escape
mutations especially in determinant regions like
[95]
G145R, G145A, or Q129P . And in another study,
we have found that among 8 patients with successful
vaccine response who stopped NAs, 4 had HBV
viremia after a median of 12 mo, and anti-HBs escape
mutants like G145R, T131P, D144A, or S143T were
found in 3 patients. In this study, we also showed
that reintroduction of entecavir immediately inhibits
[96]
HBV replication . When considering nucleos(t)ideanalogue free regimens including HBIg monotherapy
or stopped after successful vaccine response, it is
important to appropriately address the issue of HBs
escape mutants.

CONCLUSION
Treatment of HBV-related disease has now become
a relatively safe and established indication for liver
transplantation. The biggest remaining issues are
related to the long term use of HBIg; namely cost and
issues with vaccination and development of escape
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mutants. Strategies for prevention of HBV after liver
transplantation are evolving and improving; along
with development of treatments for HBV, including
new NAs, new post-transplant strategies should also
emerge.
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Abstract
Hepatitis C virus (HCV) is a hepatotrophic virus and
a major cause of chronic liver disease, including
hepatocellular carcinoma, worldwide. The life cycle of
HCV is closely associated with the metabolism of lipids
and lipoproteins. The main function of lipoproteins is

WJG|www.wjgnet.com

transporting lipids throughout the body. Triglycerides,
free cholesterol, cholesteryl esters, and phospholipids
are the major components of the transported lipids.
The pathway of HCV assembly and secretion is closely
linked to lipoprotein production and secretion, and
the infectivity of HCV particles largely depends on the
interaction of lipoproteins. Moreover, HCV entry into
hepatocytes is strongly influenced by lipoproteins. The
key lipoprotein molecules mediating these interactions
are apolipoproteins. Apolipoproteins are amphipathic
proteins on the surface of a lipoprotein particle, which
help stabilize lipoprotein structure. They perform a key
role in lipoprotein metabolism by serving as receptor
ligands, enzyme co-factors, and lipid transport carriers.
Understanding the association between the life cycle of
HCV and lipoprotein metabolism is important because
each step of the life cycle of HCV that is associated
with lipoprotein metabolism is a potential target for
anti-HCV therapy. In this article, we first concisely
review the nature of lipoprotein and its metabolism
to better understand the complicated interaction of
HCV with lipoprotein. Then, we review the outline of
the processes of HCV assembly, secretion, and entry
into hepatocytes, focusing on the association with
lipoproteins. Finally, we discuss the clinical aspects
of disturbed lipid/lipoprotein metabolism and the
significance of dyslipoproteinemia in chronic HCV
infection with regard to abnormal apolipoproteins.

Core tip: Hepatitis C virus (HCV) and lipids interact
closely at multiple stages in the HCV life cycle. HCV
infection may have a profound influence on lipid
metabolism, while lipids can regulate HCV replication.
Infectious HCV forms lipo-viral particles that possess
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the features of lipoproteins. Examination of lipoprotein
sub-fractions and apolipoproteins is inevitable for
evaluating the nature of disturbed lipid metabolism.
Among apolipoproteins, apolipoprotein E is a key
molecule required for HCV entry, and is one of the
possible therapeutic targets for interrupting HCV
infection. Understanding the disturbed lipid metabolism
may shed light on the pathophysiology of HCV infection
and help develop novel therapeutics.

Free cholesterol
Apolipoprotein C

Apolipoprotein B-100

Aizawa Y, Seki N, Nagano T, Abe H. Chronic hepatitis C virus
infection and lipoprotein metabolism. World J Gastroenterol
2015; 21(36): 10299-10313 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i36/10299.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i36.10299

INTRODUCTION

Apolipoprotein E

Hepatitis C virus (HCV) is one of the most important
viruses affecting human health. It is estimated to
[1]
infect about 2% of the world’s population . Liver
cirrhosis and hepatocellular carcinoma (HCC) develop
[2]
after long-term HCV infection . As natural eradication
of chronic HCV infection is extremely rare, interferon
(IFN)-based antiviral therapy had been carried out,
[3]
but its efficacy was limited . The application of directacting antivirals (DAAs) has been progressing in recent
[4]
years . IFN free regimens with combinations of DAA
preparations having different action mechanisms are
recommended as a standard treatment in various
countries. It is expected that combinations of DAAs
without IFN might help abolish most chronic HCV
infections within the end of the next decade in Japan.
However, treatment with DAAs is time consuming and
very expensive.
HCV is a unique virus that uses the host lipid
[5]
metabolism at multiple key steps of the HCV life cycle .
HCV is secreted from the liver as highly infective lipoviral particles (LVPs), which express hallmarks of
lipoprotein particles such as apolipoprotein C (apo
[6]
C) and apolipoprotein E (apo E) on the surface .
This strongly indicates that there is an extremely
close connection between the infectivity of HCV and
lipoprotein metabolism.
Understanding the tight association between HCV
life cycle and lipoprotein metabolism is very important
because HCV infection is a unique model wherein the
virus causes chronic infection while coexisting with
the host and simultaneously taking over the host’s
[6]
metabolism . Moreover, each step of the HCV life
cycle that is connected to lipoprotein metabolism is
a potential target for anti-HCV therapy. The need to
identify such targets arises despite the approval of
DAA-based treatment, because the high cost and
comparative long duration of DAA treatment warrant
other types of concomitant drugs or substitutive
drugs to overcome the limitations. In addition, the
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Figure 1 Structure of a lipoprotein (very-low-density lipoprotein).

anomalous lipid metabolism caused by HCV infection
may lead to liver injury and hepatocarcinogenesis.
Hepatologists may not necessarily be familiar with
the details of lipoprotein metabolism even though
the liver is the central organ for the function of this
protein. Therefore, in this review, we provide a concise
overview of human lipoprotein, with attention to recent
acquired knowledge. Next, we provide an outline of the
life cycle of HCV, focusing on the interaction between
HCV and lipoprotein metabolism in view of antiHCV therapeutic targets. Finally, the clinical aspects
of disturbed lipid/lipoprotein metabolism and recent
data on dyslipoproteinemia in chronic HCV infection,
including the abnormality of circulating apolipoprotein,
have been summarized.

Overview of the physicochemical
nature of lipoprotein and
lipoprotein metabolism
Physicochemical nature and classification of lipoprotein/
apolipoprotein

A lipoprotein is a particle comprising a single outer
layer of amphipathic phospholipid covering a nonpolar central core. The main function of lipoproteins is
transporting lipids throughout the body. Triglycerides
(TGs), cholesteryl esters (CEs), free cholesterol, CEs,
and phospholipids are the major components of the
lipids. The structure of lipoprotein (very-low-density
lipoprotein; VLDL) is illustrated in Figure 1.
Lipoproteins are usually classified based on buoyant
density by ultracentrifugation into five classes, namely,
chylomicrons (CMs), VLDLs, intermediate-density
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Table 1 Classification of circulating lipoproteins
Class name
CM
VLDL
IDL
LDL
HDL

Density (g/mL) Diameter (nm)
< 0.95
0.950-1.006
1.006-1.019
1.019-1.063
1.063-1.210

% Protein

100-1000
30-80
25-50
18-28
5-15

% Cholesterol
% Phospholipids % Triglycerides % Free fatty acids
(free cholesterol + cholesteryl ester)

<2
7-10
10-18
20-25
33-57

4-8
20-25
29-45
45-58
17-40

7-8
18-20
22-27
20-28
26-46

84-88
50-55
25-31
10-15
3-15

0
1
1
1
0-6

HDL: High-density lipoprotein; CM: Chylomicron; IDL: Intermediate-density lipoprotein; VLDL: Very-low-density lipoprotein; LDL: Low-density
lipoprotein.

Table 2 Properties and functions of major apolipoproteins
Name

Molecular
weight (Da)

Origin

Lipoprotein association

Principal function

apo A-Ⅰ

28016

Hepatocyte
Intestinal epithelial cell

HDL>>CM

apo A-Ⅱ

17414

HDL

apo A-Ⅳ

31570

apo B-48

241000

apo B-100

545000

Hepatocyte
Intestinal epithelial cell
Intestinal epithelial cell
(hepatocyte?)
Intestinal epithelial cell
(splicing variant of apo B-100)
Hepatocyte

Cofactor of LCAT
Prostacyclin stabilizer
Ligand of SR-B1
Inhibits LCAT
Inhibits HL
(Activates LCAT?)
(Activates CETP?)
Formation of CM particle

apo C-Ⅰ
apo C-Ⅱ
apo C-Ⅲ

6600
8800
8750

Hepatocyte
Hepatocyte
Hepatocyte

apo C-Ⅳ
apo E

34100

Hepatocyte
Hepatocyte
Macrophage

CM
CM and CM remnant
VLDL, IDL, and LDL

Formation of VLDL/LDL particle
Ligand of LDL receptor
CM, VLDL, IDL, and HDL
Inhibits CETP by altering the electric charge of HDL
CM, VLDL, IDL, and HDL
Cofactor of LPL
CM, VLDL, IDL, and HDL
Inhibits LPL and HL
Promotes assembly and secretion of VLDL
CM, VLDL, IDL, and HDL
Not specified
CM, CM remnant, VLDL, IDL and Ligand of LDL receptor/LDL receptor-related protein
Binds to HSPGs
HDL

HDLs: High-density lipoproteins; CMs: Chylomicrons; IDLs: Intermediate-density lipoproteins; VLDL: Very-low-density lipoprotein; LDLs: Low-density
lipoproteins; HSPGs: Heparan sulfate proteoglycans.

lipoproteins (IDLs), low-density lipoproteins (LDLs),
and high-density lipoproteins (HDLs). Alternatively,
lipoprotein can be classified by the mobility of
electrophoresis as β lipoprotein, pre-β lipoprotein, or
α lipoprotein. CMs and VLDLs are TG-rich lipoproteins,
while LDLs and HDLs contain abundant cholesterol. CM
particles are the biggest, while HDL particles are the
smallest. Buoyant density of HLD is the highest, while
it is the lowest in CMs. The physicochemical natures of
the five classes of lipoprotein by buoyant density are
presented in Table 1.
Apolipoproteins are amphipathic proteins on the
surface of a lipoprotein particle that help stabilize
the lipoprotein structure. They perform a key role in
lipoprotein metabolism by serving as receptor ligands,
enzyme co-factors, and lipid transport carriers.
Apolipoproteins are classified into apolipoprotein A
(apo A), apolipoprotein B (apo B), apo C, or apo E.
Apolipoproteins can also be divided into two groups on
the basis of biological and structural features, namely
exchangeable and non-exchangeable apolipoproteins.
Apo B-100 is a non-exchangeable protein irreversibly
associated with the LDL and VLDL particle, whereas
others are transportable proteins. Apo A-Ⅰ is the major
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protein component of HDL. Apo C-Ⅱ is a co-factor of
lipoprotein lipase (LPL), which mediates the hydrolysis
of TGs in the core of CM and VLDL particles, while apo
C-Ⅲ inhibits the function of LPL. These exchangeable
apolipoproteins exist mostly on the surface of CM,
[7]
VLDL, and HDL particles . The nature and function of
the major apolipoproteins are summarized in Table 2.

Lipoprotein metabolism

Lipoprotein metabolic pathways consist of exogenous
[8]
and endogenous pathways . In the exogenous
pathway, lipids are absorbed through intestinal
epithelial cells, while in the endogenous pathway,
lipoproteins are synthesized mainly in the hepatocytes
or intestinal epithelial cells.
Exogenous pathway: About 90% of dietary lipid
consists of TGs. In contrast, the daily diet contains
only 400 mg/d of cholesterol. The major source
of cholesterol is bile, in which about 1500 mg of
cholesterol is secreted every day. The average
absorption rate of cholesterol is about 50%, and nonabsorbed cholesterol is lost in the feces. Absorbed lipids
are assembled with apo B-48 in the intestinal epithelial
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cells, which form nascent CMs. Then, nascent CM
particles are secreted into lymphatic vessels and flow
into systemic circulation via the thoracic duct. Nascent
CMs then receive apo C-Ⅱ and apo E from HDL
particles and become mature CMs. CMs are very large
and less dense particles. TGs in CMs are hydrolyzed
by LPL, which is located on vascular endothelial cells
and releases one molecule of monoacylglycerol and
two molecules of free fatty acids. They are taken into
[9]
the tissues, while CMs are degraded into remnants .
The CM remnant is attached to the hepatocyte by
interaction of apo E with the remnant receptor and is
absorbed into hepatocytes.
Endogenous pathway: The liver is the main organ
involved in the endogenous pathway. Hepatocytes
secrete VLDL particles. Assembling VLDLs begins in
the endoplasmic reticulum. In the beginning of VLDL
formation, TGs are incorporated by the action of
microsomal TG transfer protein (MTP) into a growing
particle in which apoB-100 is the major component of
an outer surface of the particles. Then, CEs and apo E
are incorporated into the particle as well, followed by
exocytosis of the nascent VLDL particles into the blood.
Secreted nascent VLDL particles acquire more apo E
and apo Cs from HDL particles. Mature VLDL particles
are catalyzed by the action of LPL. Apo C-Ⅱ activates
LPL, while apo C-Ⅲ impairs LPL activity and the hepatic
[10]
uptake of VLDL remnants . Fatty acids released by
the degradation of VLDL are mainly incorporated into
the muscle or adipose tissue for energy sources or
stored as fats.
VLDL particles are consistently produced and
18
secreted from the liver, and 10 particles are released
into the circulation every 24 h. Large and TG superrich VLDL (VLDL1) is secreted after a meal, while small
[11]
VLDL2 is secreted during starvation . The catalyzed
VLDL named VLDL remnant or intermediate-density
lipoprotein (IDL) is incorporated into the liver through
the interaction of apo E and remnant receptor, or
further hydrolyzed by hepatic lipase (HL).
After hydrolysis by HL, IDLs transform to LDLs,
which have high cholesterol content. LDL particles
provide cholesterol to peripheral tissues or liver
cells via interaction of apoB-100 with LDL receptors
(LDLr). LDL particles are attached and internalized by
endocytosis and hydrolyzed in lysosomes.
Apo A-I, the major apolipoprotein of HDL, is
synthesized and secreted from hepatocytes or
intestinal epithelial cells. Apo A-Ⅰ is attached to
ATP-binding cassette transporter A1 (ABCA1), a
cellular cholesterol efflux pump, and lipidated by free
[12]
cholesterol and phospholipids . Apo A-Ⅰ carries
lecithin acyl cholesterol acyltransferase (LCAT), which
esterifies cholesterol to CE and makes discoidal
nascent HDL. Then, nascent HDL particles change to
spherical particles by receiving more CE, and increases
in size. Smaller HDL is called HDL3, while larger HDL
is named HDL2. Apo A-Ⅱ, the second most common
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apolipoprotein in HDL, may present predominantly
on the HDL3. Mature HDL2 delivers cholesterol to the
[13]
peripheral tissues . In this process, HDL2 is delipidated by transferring cholesterol to the tissues
through the scavenger receptor class B type Ⅰ (SRBI). Then, HDL particle returns to the hepatocyte
or intestinal epithelial cell, and attaches to ABCA1
to receive surplus cholesterol in these cells (relipidation). Alternatively, HDL2 attaches to SR-BI on
the hepatocyte for providing cholesterol to the liver
(reverse cholesterol transport; RCT). Cholesterol
excess in any cell can be removed and transported to
the hepatocytes through RCT.
HDL and apo B-related lipoprotein exchange CE
for TG by the action of CE transport protein (CETP). If
TG content increases in apo B-related lipoprotein, one
molecule of CE in HDL is exchanged with one molecule
of TG in apo B-related lipoprotein. Then, CE is returned
to the hepatocytes through endocytosis via LDLr
(indirect RCT). Cholesterol in hepatocytes is excreted
into bile directly or after being metabolized to bile acid.
A summary of the lipoprotein metabolism is illus
trated in Figure 2.

HCV LIFECYCLE AND LIPOPROTEIN
METABOLISM: PERSPECTIVES OF ANTIHCV THERAPY
Replication, assembly, and secretion of HCV

HCV replication is reported to begin in a membranous
[14,15]
web on the endoplasmic reticulum (ER) membrane
.
The membranous web contains non-structural HCV
proteins (NS3/4A, 4B, NS5A/5B) and newly syn
thesized HCV-RNA. Phosphatidylinositol-4-kinase Ⅲa
(PI4KⅢa) affects the generation of the membranous
web by altering the phosphorylation status of the HCV
[16,17]
NS5A protein
. An initiation phase of assembly
occurs on the cytosolic side of the ER membrane,
[18]
which interacts with cytosolic lipid droplets (LDs) .
[19]
HCV core protein is associated with LDs
and is then
recruited to the HCV assembly site by interacting with
[20]
NS2 and NS3-4A .
In the late assembly steps, a lipid envelope is
acquired, and the E1 and E2 envelope glycoproteins
[21]
are incorporated into virions . The transmembrane
protein NS2 plays a critical role in the assembly of
virions by mediating the interaction of immature
[22,23]
particles with E1/E2 membranous glycoprotein
.
Nascent virus particles combine with pre-VLDLs during
[24]
maturation . In this manner, lipids in the luminal
LDs, apo B-100, apo E, and apo C-Ⅰ participate in the
generation of LVPs, which form true hybrid particles
[25]
of HCV and VLDL . However, apo B-100 is not an
absolute requirement for HCV-LVP morphogenesis.
Instead, apo C-Ⅰ and E are indispensable for the
[26-28]
intracellular morphogenesis of HCV-LVP
. In any
case, engagement with the VLDL assembly pathway
facilitates virion maturation. In this way, the process
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Figure 2 Overview of lipoprotein metabolism. HDLs: High-density lipoproteins; LDLs: Low-density lipoproteins; VLDL: Very-low-density lipoproteins.

of maturation and secretion of HCV particles is linked
[22]
with VLDL assembly and secretion . More details
on the precise process of HCV replication, assembly,
and secretion have been summarized in several
[5,29-32]
12
reviews
. In chronic HCV infection, about 10
HCV virions are secreted into circulation every 24 h.
Replication of HCV is suppressed by inhibition of
MTP, which is a key molecule for the generation of
[33]
VLDL . Apo B-100 production is interfered by HCV,
[34]
and over storage of TG leads to hepatic steatosis .
[35]
Inhibition of apo E, a key molecule of both HCV-LVP
and VLDL, impairs the secretion of infectious
[36]
HCV-LVP . These findings indicate close association
between HCV replication and VLDL production, and
imply the significance of VLDL as a possible target of
anti-HCV therapy.
The metabolism of fatty acids and phospholipids
is crucial in HCV replication. Fatty acid synthase
[37,38]
is upregulated during HCV replication
. HCV
replication is inhibited by polyunsaturated fatty acids
[39,40]
(PUFAs)
but stimulated by monounsaturated
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[41]

fatty acids . The inhibition of HCV replication by
PUFAs may be mediated by the peroxidation of PUFAs,
[42]
which can be blocked by vitamin E or a reduction in
[40]
cellular cholesterol level . Meanwhile, HCV replication
induces sphingosine kinase 2-mediated peroxidation
[43]
of PUFAs, which suppress HCV replication . This
feedback mechanism may regulate the HCV-replication
runaway and participate in long-term perpetuation of
HCV infection. These findings strongly suggested that
manipulation of lipid metabolism in hepatocytes may
be an important therapeutic strategy for impairing HCV
replication.
HMG-CoA inhibitors (statins), which inhibit cho
lesterol synthesis, have been used as adjuvants
[44-46]
for anti-HCV therapy
. Addition of statins to
the standard pegylated (peg) IFN and ribavirin
therapy for HCV genotype 1 may improve the rate of
sustained virological response. As mentioned earlier,
increased synthesis of geranylgeranyl pyrophosphate
[41]
is involved in HCV replication . Statins decrease
geranylgeranylation and thus function against HCV
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Figure 3 Two types of infectious hepatitis C virus-lipo-viral particles: True hepatitis C virus-lipo-viral particles (left) and transient hepatitis C virus-lipoviral particles (right). HCV: Hepatitis C virus.
[47]

infection . In addition, eicosapentaenoic acid (an
omega-3 PUFA) and fibrate may also improve the
[48,49]
outcome of peg IFN and ribavirin therapy
.
A micro RNA (miRNA) is a small non-coding
RNA molecule, which functions on silencing of RNA
and regulates post-transcriptional gene expression.
miR-122 binds near the 5’ end of the HCV genome
and stabilizes HCV RNA, which may participate in
[50]
positive regulation of HCV replication . miR-122 also
upregulates genes participating in the synthesis of
[51]
cholesterol . Therefore, miR-122 can be an important
target of anti-HCV therapy. Treatment of chronic
HCV infection by Miravirsen (locked nucleic acidmodified oligonucleotide complementary to miR-122)
[52,53]
leads to long-lasting suppression of serum HCV
accompanied by a decrease of serum cholesterol.
miR-27a is preferentially expressed in the HCV-infected
liver and regulates lipid metabolism by targeting the
lipid synthetic transcription factor retinoid X receptor
α (RXRα) and ABCA1. Moreover, miR-27a represses
the gene expression of many lipid metabolism-related
genes. Suppression of miR-27a increases the cellular
lipid content, and increases HCV replication and
[54]
infectivity . Manipulation of miR-27a may also be a
possible target against HCV infection.
In summary, replication of HCV is largely affected
by lipid metabolism. Suppression of VLDL production,
manipulation of lipid metabolism and miRNA may be a
possible target against HCV infection.

Properties of circulating HCV-LVPs

HCV particles have unusually low and heterogeneous
buoyant density compared with other enveloped RNA
[30,32]
viruses
. Infectious HCV particles have densities
of 1.03-1.10 g/mL. There may be two different type
of infectious HCV particles: first, hybrid particles of
lipoproteins and HCV virions that share a common
envelope (true HCV-LVP), and second, transient
association of HCV virions with lipoprotein particles
(transient HCV-LVP) (Figure 3). True HCV-LVP may
further transiently unite to host lipoprotein particles.
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The existence of transient HCV-LVP is supported by a
report that serum-derived HCV particles are associated
[55]
with apo B-48-containing CMs .
Highly infectious HCV particles have a buoyant
density of less than 1.07 g/mL, which corresponds
[56]
to the density of LDL or VLDL , and their average
particle size is 73 nm, which corresponds to the size
[57]
of VLDL1 . Thus, physical properties of infectious
HCV particles closely resemble those of VLDL particles.
Infectious HCV particles have apo E and apo C-I to
[28,58-60]
C-Ⅲ on the surface, just as VLDLs have
. Due
to the physicochemical similarities with lipoproteins,
infectious HCV particles have been named HCV-LVPs.
In a study of chronic HCV G1 infection, the quantity
of plasma HCV-LVPs correlated with plasma TG/HDLcholesterol ratio, HOMA-IR, and non-response to IFNbased antiviral therapy, suggesting the importance
of lipid/glucose metabolism in the generation and
[57]
persistence of circulating HCV-LVPs . An HCV-LVP
may contain more than 300 molecules of apo E on
[59]
the surface, while VLDL has only 5-7 molecules .
Therefore, apo E may be one of the key molecules for
determining the direction of circulating HCV-LVPs.
The density of circulating HCV is dramatically
[61]
altered after oral intake of TGs . HCV-LVPs with
a density less than 1.025 g/mL increase by 26-fold
after the intake of a fatty meal, together with a
rise in TG-super-rich VLDL1 and CM. This very lowdensity HCV-LVP bears apo B-48 or apo B-100 and
very rapidly increases after meal; thereafter, it is
rapidly cleared from circulation. Marked increase of
postprandial HCV-LVPs indicates that non-infectious
HCV particles can be transferred onto TG-superrich VLDL1 or CM by a similar manner that transfers
exchangeable apolipoproteins from HDL to VLDL1 or
CM postprandially. This study clearly indicates that HCV
could be transiently associated with TG-rich lipoprotein
particles after meal, as shown in Figure 3.
HCV-LVP can be catalyzed by LPL akin to the
catalysis of CM and VLDL. This catalyzed HCV-LVP
may lose infectivity. Infectivity of HCV is significantly
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[62]

inhibited by exogenous LPL in vitro . In addition, not
only LPL but also HL reduces the infectivity of HCV by
[63]
catalyzing HCV-LVP . Abundant apo C-Ⅲ on HCV-LVP
or VLDL reduces LPL-mediated inhibition of HCV
[64]
infection .
The activity of HL is affected by HCV infection, and
the transcription level of HL is strongly downregulated
in HCV G1b-infected livers compared to that in
hepatitis B virus (HBV)-infected or non-alcoholic
[65]
steatohepatitis (NASH) livers . In addition, post
transcriptional regulation mechanism of HL activity
[66]
is important for activation of HL . HL is anchored in
cell-surface heparan sulfate proteoglycans (HSPGs) on
the hepatocytes, and is inactivated. After a meal, HL
is dissociated from HSPGs and binds to HDL. Apo AⅡ may enhance the displacement of HL to HDL, and
[67,68]
inhibit the activation of HL together with apo A-Ⅰ
.
Apo E interferes with the association of HL with HDL,
while stimulates the activity of HL on HDL. Therefore,
the balance of apo E, apo A-Ⅰ, and A-Ⅱ might be
responsible for HL activity.
Recent evidence indicates that there are many
“empty” HCV particles that express E1/E2 glycoprotein
on the surface, but do not contain the core protein
and HCV-RNA in the blood of HCV patients. “Empty”
6
HCV particles may be 10 times more numerous than
[56]
infectious HCV-LVPs , and may have a role on host
lipoprotein metabolism. In addition, “empty” HCV
particles could be bound to anti-E1 and E2-specific
[56]
antibodies . Therefore, infectious HCV-LVP may be
hidden among the numerous “empty” HCV particles.
This might be one of the mechanisms enabling HCV to
escape from host immunological surveillance system.
In summary, HCV-LVP demonstrates dynamic
changes in circulation and loses infectivity by LPL or
HL. In view of anti-HCV therapy, the manipulation of
HCV-LVP may not be an excellent therapeutic strategy
because there are dynamic transformations between
non-infectious HCV and HCV-LVP. In addition, E1/E2
envelope proteins on the surface of infectious HCV are
hidden among the numerous “empty” HCV particles.
This finding renders E1/E2 envelope proteins less
amenable as promising target molecules.

Entry of HCV into liver cells

HCV entry into human hepatocytes is a complex,
multistep process involving a couple of receptors. The
full description of the mechanisms of this process is
beyond the scope of this review. Details are available
[5,29,32,69-71]
in numerous related reviews
. As a first step
of HCV entry, HCV-LVP attaches to the liver cell surface
by adhering to HSPGs, which are abundant on the liver
cell surface. HCV-LVP uses syndecan-1 or syndecan-4
[72]
HSPGs for the initiation of entry into hepatocytes .
Apo E on the surface of HCV-LVP and HCV envelope
[73-76]
proteins adheres to HSPGs
. The minimal unit
[77]
required for infection is a decasaccharide .
The binding of apo B-100 on the surface of
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HCV-LVP to LDLr was proposed to involve the
[78,79]
penetration of HCV into hepatocytes
. However,
a productive entry process does not seem to operate
following the binding of HCV-LVP to LDLr, but rather
a non-productive pathway that degrades HCV
[80]
particles is elicited . Though apo E on the surface
of HCV-LVP can participate in the binding to LDLr,
HCV-LVP competes with the excess of LDL or VLDL for
occupation of LDLr.
Alternatively, productive HCV entry arises by
[81,82]
interaction with SR-BI
, a receptor for the uptake of
cholesterol from HDL particles (Figure 4). The precise
[83]
process of HCV adhesion to SR-BI is a complex ,
[84]
multistep one . In brief, the initial step might be
an interaction between apo E on the HCV-LVP and
SR-BI. In the second step, the lipid transfer activity
of SR-BI (entry of cholesterol from mature HDL)
facilitates HCV entry by binding of specific residues in
[85]
hypervariable region 1 of E2 and SR-BI . Thereafter,
[86]
exposed determinants in E2 bind to CD81 and move
to tight junction protein claudin 1. Claudin 1 interacts
with CD81 and contributes to the next step of HCV
[87]
internalization . Finally, internalization of HCV is
[88]
completed by clathrin-mediated endocytosis .
Transferrin receptor 1 and other receptors may
[89,90]
act as factors promoting HCV entry
. NiemannPick C1-like 1 (NPC1L1) was reported as a receptor for
[91]
HCV entry . However, the significance of NPC1L1 is
controversial because this molecule is expressed only
[92]
on the apical side of the hepatocyte .
As an anti-HCV therapy target, apo E is one of the
most promising target molecules for disrupting HCV
infection. Apo E is preferentially distributed on the
surface of HCV-LVP and plays a critical role in the entry
of HCV. Under short-term suppression of apo E, serious
adverse effects may not arise. Furthermore, SR-BI is
[84]
a potential target molecule for anti-HCV therapy ,
because SR-BI is essential for productive entry of HCV.
ABCA1 is also a potential target molecule. Recently,
the critical role of ABCA1 on HCV-cell fusion and HCV
[93]
entry was reported . ABCA1 mediates cholesterol
efflux from hepatocytes to extracellular apo A-Ⅰ,
which initiates the formation of HDL. Upregulation of
[94]
ABCA1 expression and its cholesterol efflux function
impairs HCV infection and decreases virus production.
Stimulation of the ABCA1-dependent cholesterol efflux
pathway disrupts membrane cholesterol homeostasis,
thereby inhibiting HCV-cell fusion and entry.
In summary, apo E on the surface of HCV-LVP
is the key molecule for harboring HCV-LVPs on the
surface of hepatocytes and for the initial attachment
of HCV-LVPs to SR-BI. HCV entry is inhibited by
cholesterol efflux via ABCA1 and is facilitated by
the activity of SDR-BI. These findings suggest a
close connection between HDL-related cholesterol
metabolism and the persistence of HCV infection. One
of the chief mediators determining the influx and efflux
of cholesterol might be the intracellular concentration
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Figure 4 Attachment of hepatitis C virus-lipo-viral particles to the surface of hepatocyte. HCV-LVP: Hepatitis C virus-lipo-viral particles; HSPGs: Heparan
sulfate proteoglycans; LDLs: Low-density lipoproteins.

of cholesterol.

Chronic HCV infection and
dyslipoproteinemia
Clinical aspects of disturbed lipid/lipoprotein
metabolism in chronic hepatitis C

Low serum cholesterol (or low LDL-cholesterol) level
is a well-known characteristic feature of chronic
[95,96]
HCV infection
. The magnitude of altered lipid
metabolism depends on host IFNL3 polymorphism and
HCV genotype. The CC rs12979860 polymorphism
(major IFNL3 genotype) is significantly associated
with higher serum cholesterol and LDL-cholesterol
levels in HCV genotype 1 (G1) patients but not in
patients with genotype 3 (G3), genotype 4, or non[97]
infected controls . Disturbed lipids are corrected after
[98]
the eradication of HCV . Therefore, HCV infection
by itself, or inflammation and fibrosis accompanied
by chronic HCV infection might be affected by the
disturbance of lipoprotein metabolism. In this regard,
a study from Japan clearly indicated that HCV itself
[99]
directly caused hypolipidemia .
Development of hepatic steatosis in HCV core
transgenic mice indicates a tight association between
[100]
HCV infection and the generation of steatosis
.
Furthermore, HCC development after a long-term
observation of HCV transgenic indicated carcinogenic
potential of the HCV core protein, owing to persistent
[101]
disturbance of lipid metabolism .
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Steatosis in chronic hepatitis C (CHC) may
associate with inflammation and progression of liver
fibrosis. Steatosis is more tightly associated with
inflammation in CHC than in chronic hepatitis B
[102]
(CHB)
. In addition, PNPLA3 genetic variants and
body mass index are involved in hepatic steatosis in
[103]
non-obese CHC . Advanced fibrosis in HCV patients
is associated with concurrent diabetes mellitus, liver
[104]
steatosis, and obesity
. Furthermore, the PNPLA3
[105]
variant may contribute to the severity of CHC
and
[106]
HCC development .
These findings suggest that liver steatosis and
fibrosis might be strongly influenced by disturbed host
metabolic factors that can induce NASH. Therefore,
correction of disturbed metabolic factors is important
for preventing the progression of HCV-related liver
disease.
Disturbed serum lipoprotein and apolipoprotein
levels in chronic HCV infection may be affected by
deteriorated liver function induced by HCV. However,
a decrease in the serum VLDL-TG level and the
reciprocal increase in non-VLDL-TG were found in
[107]
very early stages of chronic HCV-G1b infection . In
[108]
addition, Moriya et al
reported that apo B, apo CⅡ, and apo C-Ⅲ levels were significantly reduced in
HCV G1b infection, while apo A-Ⅰ, A-Ⅱ, and E levels
were similar in patients infected with HCV G1b, G2a,
or HBV. These findings suggest that HCV infection by
itself may be involved in the disturbance of serum
lipoproteins/apolipoproteins. Therefore, examining
serum lipoproteins/apolipoproteins is beneficial for
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monitoring disturbed lipid metabolism induced by HCV.

Anomalous circulating lipoproteins in chronic HCV
infection

As mentioned above, low LDL-cholesterol level is one
of the features of chronic HCV infection. Nevertheless,
current evidence indicates that HCV by itself or
factors associated with HCV infection can promote the
[109-111]
occurrence and progression of atherosclerosis
.
A recent meta-analysis indicates that HCV infection
is significantly associated with carotid atherosclerosis
independent of classical risk factors such as type 2
[109]
diabetes (or insulin resistance) and hepatic steatosis .
There are various factors possibly associated with
atherosclerosis in CHC, especially elevation of pro
inflammatory cytokines in CHC may be participated in
the progression of atherosclerosis.
In a view of anomalous lipoproteins, we found that
an increase in TG in the small-VLDL fraction (equivalent
to VLDL remnant) is a characteristic feature of chronic
HCV G1b infection, independent of other metabolic
factors [manuscript in preparation]. This elevation
is not found in the subjects cured of HCV infection.
As TG-rich lipoprotein remnants are unequivocally
[112,113]
mentioned as atherogenic
, our finding of the
increasing atherogenic VLDL remnant may be involved
in the promotion and progression of atherosclerosis in
chronic HCV infection.
In contrast to VLDL and LDL, the interaction of
HDL with chronic HCV infection is poorly understood.
However, SR-BI is a receptor for both HCV and
matured HDL, and is a possible target for anti-HCV
[83]
therapy . In HCV G3 infection, the HCV-LVP load
[114]
correlates inversely with HDL cholesterol , but such
a correlation is not found in HCV G1 infection. This
finding may indicate that there is a difference in the
role of lipoprotein among infections by different HCV
genotypes. Although apo B-associated cholesterol level
has received attention as a determinant of treatment
[115]
outcome in patients receiving IFN plus ribavirin
,
dyslipoproteinemia in HCV infection is not limited
to apo B-related lipoprotein, because the metabolic
pathways of HDL and apo B-related lipoprotein are
closely related to each other. In the near future, the
total picture of dyslipoproteinemia associated with the
different HCV genotypes is expected to be elucidated
more clearly.

Abnormal serum levels of apolipoprotein in chronic HCV
infection

As described earlier, apolipoprotein plays a key role
in lipoprotein metabolism. Therefore, monitoring
apolipoproteins may be beneficial for understanding
the anomalous lipoprotein metabolism in chronic HCV
infection. The amphipathic α-helices of transportable
apolipoproteins are crucial for maintaining the shape
[60]
of HCV-LVP . These exchangeable apolipoproteins
can easily be transported between lipoprotein and
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HCV-LVP. Therefore, the dynamics of exchangeable
apolipoprotein in HCV patients on stabilizing the
structure of circulating HCV-LVP cannot be ignored.
Serum levels of apo B (apo B-100) have been
examined in connection with the persistence of
HCV infection and treatment outcome of IFN-based
[116,117]
therapy
. Serum apo B level is strongly correlated
with LDL-cholesterol, and is partially determined by the
[116,118]
amino acid changes of core and NS5A protein
,
suggesting a close interaction between HCV replication
and lipoprotein production in the liver.
Apo E is one of the key molecules of HCV assembly
and entry into hepatocytes. Among the three isotypes
[119]
of apo E (E2, E3, and E4) , E3 is the most frequent.
[120]
E2 variant binds poorly to cell surface receptors
,
and is associated with a 3-5-fold reduction in the risk
[121]
of chronic HCV infection , suggesting that this allele
protects against viral persistence via defective binding
of HCV-LVPs to the receptors involved in the entry of
[122]
HCV-LVPs
. Association of E4 with atherosclerosis,
Alzheimer disease, and degenerative diseases has
been implicated. The E4 allele is positively associated
with higher levels of vitamin D. High vitamin D levels
are also linked to a favorable outcome of antiviral
[123]
therapy for chronic HCV infection . The apo E4 allele
might have a protective effect against severe liver
[124]
damage caused by HCV
, while being associated
[125]
with poor treatment response in HCV G1b patients .
Unfortunately, the connection between apo E4 and
serum vitamin D in these patients has not been
studied. Moreover, in an apo E3/E3 homozygote, fibrosis
progression might be accelerated in chronic HCV with
[126]
persistently normal transaminases
. However, the
concept that apo E isoforms may play critical roles in
the morbidity of chronic HCV infection has not been
widely accepted.
Low levels of circulating apo E are reported to
associate with favorable response to IFN-based therapy
[127]
and with low HCV-LVP level in HCV G1 infection
.
However, the serum apo E level is negatively correlated
[114]
with the quantity of HCV-LVP in HCV G3 . Therefore,
the manner of interaction with host lipid metabolism
may vary according to the HCV genotype. Our recent
study suggested that serum apo E level is elevated in
[128]
HCV G1b patients and not in patients with HCV G2 .
With regard to apo As, apo A-Ⅰ has been shown
to be involved in HCV RNA replication and virion
[129]
production . However, we did not find any changes
in serum apo A-Ⅰ levels in HCV G1b and G2 patients
[128]
in a previous study . Apo A-Ⅱ binds directly to the
[130]
C-terminal domain of the HCV core protein . Apo AⅡ was significantly associated with HOMA-IR and leptin
[131]
concentrations in HCV patients . Therefore, apo A-Ⅱ
may contribute to hepatic steatosis progression in HCV
infection. In our study, however, the serum level of apo
A-Ⅱ seemed to increase in HCV G1b patients without
[128]
a concomitant increase in BMI . Further studies are
needed to determine the significance of serum apo A-
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Ⅱ in chronic HCV infection.
Apo C-Ⅰ associates with s morphogenesis of HCV
[28]
virions, HCV replication
and membrane fusion of
[132]
HCV
. Human apo C-Ⅰ accounts for the ability of
[133]
HDLs to inhibit the CETP activity
. However, the
information on serum level of apo C-Ⅰ in HCV infection
is not available. Serum apo C-Ⅲ was reported to be
higher in donors with resolved HCV infection than in
[134]
donors with chronic infection
. Apo C-Ⅲ might be
a candidate biomarker associated with HCV-related
progression of hepatic fibrosis. Relative to other
lipoproteins, low serum apo C-Ⅲ levels are reported
to have the strongest association with chronic versus
cleared infection and a decline with increasing severity
[134]
of hepatic fibrosis
. LPL is an anti-HCV factor
that hydrolyzes HCV-LVPs, and apo C-Ⅲ on HCVLVPs reverses the LPL-mediated inhibition of HCV
[64]
infection . In contrast, apo C-Ⅱ gives rise to the
catalytic activity of LPL and may promote LPL-mediated
inhibition of HCV infection. Therefore, the balance of
apo C-Ⅱ and apo C-Ⅲ may determine the infectivity of
HCV-LVPs.
In our study, we found that both serum apo CⅡ and apo C-Ⅲ decreased in chronic HCV infection
and advanced liver fibrosis. Although serum apo CⅡ and apo C-Ⅲ levels were strongly correlated with
each other, multiple regression analysis revealed that
a decline in serum apo C-Ⅱ alone significantly contri
[128]
butes to advanced fibrosis in HCV G1b infection
.
Therefore, relative depletion of apo C-Ⅱ in chronic HCV
infection with advanced fibrosis might help protect HCV
from LPL-mediated loss of infectivity and contribute to
persistent infection of HCV.
In a previous study, apo C-Ⅱ and apo C-Ⅲ levels
were significantly reduced in HCV G1b infection
compared with G2a infection with similar liver disease
[108]
progression . However, in our multivariate analysis,
apo A-Ⅱ and E significantly increased in HCV G1b
infection compared with HCV G2 infection, whereas
apo C-Ⅱ and apo C-Ⅲ decreased in HCV infection
[128]
regardless of HCV genotype
. This discrepancy
remains as one of the issues that should be solved in
the future.
In summary, the significance and the precise
mechanisms of anomalous circulating apolipoprotein
levels in HCV patients, especially the differences
among infections by different HCV genotypes, have
not been fully elucidated yet.

CONCLUSION
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Abstract
Hepatocellular carcinoma (HCC), the predominant
form of primary liver cancer, is the fifth most common
cancer worldwide and the second leading cause of
cancer-related death. Despite the high incidence,
treatment options remain limited for advanced HCC,
and as a result prognosis continues to be poor. Current
therapeutic options, surgery, chemotherapy and
radiotherapy, have only modest efficacy. New treatment
modalities to prolong survival and to minimize the
risk of adverse response are desperately needed for
patients with advanced HCC. Tumor immunotherapy
is a promising, novel treatment strategy that may lead
to improvements in both treatment-associated toxicity
and outcome. The strategies have developed in part
through genomic studies that have yielded candidate
target molecules and in part through basic biology
studies that have defined the pathways and cell types
regulating immune response. Here, we summarize
the various types of HCC immunotherapy and argue
that the newfound field of HCC immunotherapy might
provide critical advantages in the effort to improve
prognosis of patients with advanced HCC. Already
several immunotherapies, such as tumor-associated
antigen therapy, immune checkpoint inhibitors and
cell transfer immunotherapy, have demonstrated
safety and feasibility in HCC patients. Unfortunately,
immunotherapy currently has low efficacy in advanced
stage HCC patients; overcoming this challenge
will place immunotherapy at the forefront of HCC
treatment, possibly in the near future.
Key words: Cell transfer immunotherapy; Cytokine
therapy; Hepatocellular carcinoma; Immune checkpoint
inhibitors; Immunotherapy; Tumor-associated antigens
therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Hepatocellular carcinoma (HCC) has a high
incidence and poor prognosis worldwide. Tumor
immunotherapy is a promising novel therapy that will
lead to improvements in both treatment-associated
toxicity and outcome. This review summarizes current
knowledge concerning the progress of immunotherapy
for HCC.
Tsuchiya N, Sawada Y, Endo I, Uemura Y, Nakatsura T.
Potentiality of immunotherapy against hepatocellular carcinoma.
World J Gastroenterol 2015; 21(36): 10314-10326 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i36/10314.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i36.10314

INTRODUCTION
Primary liver cancer, which is predominantly diagnosed
as hepatocellular carcinoma (HCC), is the fifth most
common cancer and the second leading cause of
cancer-related deaths worldwide. The annual number
of deaths from HCC worldwide is similar to the
incidence, with nearly 748300 new cases and 695900
[1]
deaths each year . Although patients diagnosed with
early stage disease have a relatively good prognosis
with a 5-year survival rate of > 70%, the majority of
patients are diagnosed with late-stage disease, which
leads to a dismal overall 5-year survival rate of <
[2]
16% .
Protocols for the treatment options currently avai
lable tend to adhere to more established traditional
methodologies, which includes surgery and adjuvant
chemo/radiation therapy. Surgical or local ablative
therapy however is generally suitable for only a few HCC
patients, as these approaches are limited by tumor
size, the number of intra-hepatic metastases, and
sufficient hepatic functional reserve. Chemotherapy
is moderately tolerated due to the coexistence of
liver cirrhosis in most patients with HCC, but more
importantly it is not sufficiently effective. Thus, the
prognosis remains poor for patients with advanced
HCC.
Targeted molecular therapy is one of the more
contemporary approaches to cancer treatment and
development of these drugs is based on specific
molecular attributes of the cancer type in question.
Sorafenib, an inhibitor of tyrosine kinases, was
developed for the treatment of HCC as well as other
cancer types. It has been found to prolong overall
survival (OS) in patients with advanced HCC and thus
has become the standard drug for first-line systemic
[3-5]
treatment . However, the response rate for sorafenib
is very low according to the Response Evaluation
Criteria in Solid Tumors (RECIST), while the incidence
of adverse drug reactions is high according to the
Common Terminology Criteria for Adverse Events
[3-5]
(CTCAE) . Sorafenib treatment extends life by only
3 mo as compared to placebo, and no second-line

WJG|www.wjgnet.com

treatment has been established for patients who do not
respond to the drug. The results for sorafenib reiterate
how desperately new treatment modalities are needed
in order to prolong survival while minimizing the risk of
adverse reactions in patients with advanced HCC.
Immunotherapy is a step away from small moleculebased cancer therapies and is rapidly gaining broad
attention from both basic scientists and clinicians as a
viable treatment option for aggressive cancers. Many
fundamental studies have demonstrated that tumor
cells can be targeted by diverse immune effector
mechanisms. Cytokines, peptides vaccines, monoclonal
antibodies, and cell-mediated vaccines have been
developed as potential treatments or approved cancer
therapies that can provoke an immune response
against cancers. Moreover, the strategy of adopting
immunotherapy with established treatment modalities
may increase efficacy and reduce toxicity.
Several characteristics relating to both the treatment
and biology of HCC make it amenable to immunotherapy
(as detailed below). However, while previous clinical
trials have focused on the feasibility and safety of
immunotherapy for patients with advanced HCC,
non-randomized Phase Ⅰ or Ⅱ studies have yet to
demonstrate the efficacy of immunotherapy for this
[6,7]
disease . However, several randomized controlled
trials in adjuvant settings have established the ability
of immunotherapy to reduce the risk of cancer
[8-10]
recurrence
. Here, we summarize the various types
of HCC immunotherapy and argue that the newfound
field of HCC immunotherapy might provide critical
advantages in the effort to improve the treatment and
thus prognosis for HCC.

IMMUNE RESPONSES IN HCC
HCC can be deemed a cancer induced by inflammation.
Chronic liver infections caused by hepatitis B and
hepatitis C virus (HBV and HCV) are known risk
factors for the development of HCC. Other risk factors
include obesity, diabetes, alcoholic and nonalcoholic
steatohepatitis, and other causes of chronic liver
disease. Most patients with chronic hepatitis will
develop liver cirrhosis and eventually HCC in a
progressive but dynamic process. Liver cirrhosis is a
highly genotoxic environment created by a perpetual
state of inflammation and fibrogenesis. It is driven
by the generation of highly reactive oxygen species,
which in turn promote the formation of a type of
senescent hepatocyte. Within this environment,
some hepatocytes become immortalized and undergo
carcinogenesis. Therefore, liver cirrhosis is a crucial
disease state promoting the development of HCC.
According to several studies, tumor-specific cellular
and humoral immune responses occur in patients with
HCC. Spontaneous T cell responses against many tumor
antigens, such as alpha-fetoprotein (AFP), glypican-3
(GPC3), NY-ESO-1, SSX-2, MAGE-A10 and p53, have
[11-17]
been detected in HCC patients
. However, these T
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cell responses have failed to induce tumor regression
and/or inhibit disease progression. The failure of
the immune system to respond appropriately is
likely to be due to the multiple immune-suppressive
mechanisms that are regulated by the tumor itself.
First, the expression of a number of molecules, such
as major histocompatibility complex (MHC) proteins,
that normally participate in the immune response is
often altered in the context of cancer. Down-regulation
of such genes, for example, leads to impairment of
tumor-antigen processing and presentation. One study
[18]
has shown strong MHC class Ⅰ expression in HCC ,
but the results have not been consistent throughout
the literature and the level of MHC class Ⅰ expression
in HCC remains unclear. Furthermore, expression
of the co-stimulatory molecules B7-1 and B7-2 is
[19]
+
reduced in HCC . Second, impairment of CD4 T
cells has been reported as a mechanism of immune
[20]
evasion in HCC . Several results from the analysis of
mRNA arrays have revealed that MHC class Ⅱ is one
of the most highly expressed genes in HCC tumors, as
compared to benign adjacent tissues. These MHC Ⅱ
+
molecules induce CD4 T cell anergy in the liver in the
[21]
absence of interactions with suitable coactivators .
Finally, increases in immunosuppressive myeloid and
lymphoid cell populations, suppression of natural killer
(NK) cells, and up-regulation of immune checkpoint
pathways have been demonstrated to impair the
effector function of cellular immune responses in
[22-25]
patients with HCC
.
Immunosuppressive cell populations, such as
T regulatory cells (Tregs) and myeloid-derived
suppressor cells (MDSCs), are thought to be key
players in cancer evasion from immunosurveillance.
The number of Tregs in HCC patients is elevated in
[26]
both the peripheral blood and the tumor , and the
accumulation of infiltrated Tregs within the tumor
has been correlated with disease progression and
[27,28]
poor prognosis
. Thus, the depletion of Tregs may
potentially lead to immune reactivation by facilitating
[29]
spontaneous AFP-specific T cell responses .
MDSCs are a heterogeneous population of early
myeloid progenitor cells that have the capacity to
suppress the cytotoxic activities of NK cells and the
+
adaptive immune response mediated by CD4 and
+
CD8 T cells. MDSCs also promote the expansion of
the Treg population. An accumulation of MDSCs has
been found within tumors as well as in the peripheral
blood, spleen, bone marrow, and liver of HCC
[30]
patients . It has also been suggested that MDSCs
interact with Kupffer cells to induce the expression of
programmed death-ligand 1 (PD-L1), which inhibits
antigen presentation. The frequency of MDSCs in the
peripheral blood has been correlated with a high risk
of recurrence in HCC patients who have undergone
[22]
radiofrequency ablation (RFA) treatment . Recently,
a new subset of immune suppressive cells known as
regulatory dendritic cells (DCs) has been identified in
[31]
HCC patients . These regulatory DCs suppress T-cell
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activity in vitro through the production of interleukin
(IL)-10 and indoleamine 2,3-dioxygenase (IDO).
The immune response engaged by a specific
antigen and its subsequent intensity is regulated
not only by major histocompatibility receptors, but
also by co-stimulatory and co-inhibitory molecules
that modulate response based on the physiological
context. Immune checkpoints function as an extensive
inhibitory program that is crucial for maintaining selftolerance and modulating the duration and extent
of physiological immune responses in peripheral
tissues, ultimately helping to minimize extra tissue
damage. Several immune checkpoint pathways have
been shown to be exploited by tumors so as to aid in
avoidance of immunosurveillance, particularly involving
the T cell responses that are specific for tumor
antigens. Many immune checkpoint molecules, such
as the cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) and PD-L1, have been detected in the tumor
microenvironment, and are often overexpressed as
[32-35]
well
.
An intriguing finding is the detection of tumorspecific immune responses in patients simply
undergoing conventional therapies. For example,
RFA has been shown to stimulate activation and
enhancement of tumor-specific T cells, but the
procedure also increases the frequency of T cells
[36]
specific for recall antigens . Although this study was
not primarily designed to evaluate the effect of RFA on
T cell responses, the results indicated that RFA does
activate non-specific T cell responses. However, no
correlation between T cell response and prevention
of HCC relapse was found. Tumor-associated antigen
(TAA)-specific T cell responses have also been
[37]
detected in peripheral blood following RFA . Although
patients displayed enhanced immune responses,
tumor recurrence was not completely prevented. A
second procedure, transarterial chemoembolization
(TACE), has also been shown to have an effect on the
frequency of tumor-specific T cell response in HCC
+
patients. The expansion of AFP-specific CD4 T cells
in HCC patients after TACE has been described and
furthermore was associated with an induction of >
[38]
50% tumor necrosis and improved clinical outcome .
Tumor-specific immune responses following
individual treatment or combined TACE and RFA
have been more directly investigated. The results
have confirmed that ablative therapies induce TAA[39,40]
specific T cell responses in individual patients
.
Percutaneous ethanol injections (PEIT) or RFA has also
been used to evaluate their impact on the function of
[41]
dendritic cells in vivo . The results demonstrated that
local ablative therapy induces a functional transient
activation of myeloid-derived dendritic cells associated
with increased levels of TNF-α and IL-1-β. Finally, the
frequency of natural killer T (NKT) cells in peripheral
blood has also been reported to be increased after
[42]
RFA treatment . These studies clearly demonstrate
that conventional treatment of HCC can unmask
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Table 1 Immunotherapeutic clinical trials in hepatocellular carcinoma since 2000

Cytokine
therapy

Author

Country

Year

Indication

Immunotherapy

Llovet et al

Spain

2000

Advanced HCC

Ikeda et al

Japan

2000

Sakon et al

Japan

2002

RCT: IFN-α2b vs no
treatment
RCT: IFN-β vs no
treatment
5-FU + IFN-α

Kubo et a

Japan

2001

Ladhams et al Australia 2002
Palmieri et al

Italy

2002

Reinisch et al

Austria

2002

Feun et al

United
States
Japan

2003

United
States
Japan

2003

Spain

2004

Yin et al

China

2005

Vitale et al

Italy

2007

Butterfield
et al
Kuang et al

United
States
China

2003

Shiratori et al

Patt et al
Komorizono
et al
Sangro et al

TAA targeted
therapy

Greten et al

2003

2003

2004

Germany 2010

Sawada et al

Japan

2012

Zhu et al

United
States

2013

Spain

2013

Japan

2000

Adjuvant
(resection)

Stift et al

Austria

2003

Advanced HCC

Iwashita et al

Japan

2003

Advanced HCC

Shi et al

China

Mazzolini et
al

Spain

Immune
Sangro et al
checkpoint
inhibitors
Cell transfer
Takayama et
immunotherapy
al
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n

Clinical result

30 and
RR: 2/30 (7%), DCR: NA
28
No significant difference in RR or survival
Adjuvant(resection
10 and
Significantly longer recurrence-free
or ethanol injection)
10
survival after IFN-β therapy (P = 0.0004
Advanced HCC
11
RR: 8/11 (73%), DCR: 9/11 (82%)
MST: NA
Adjuvant
RCT: IFN-α vs. no
15 and
Significantly longer recurrence-free
(resection)
treatment
15
survival after IFN-α therapy (P = 0.037)
Advanced HCC
Dendritic cell pulsed
2
Slowing in the rate of tumor growth in
with autologous tumor
one of two patients
Advanced HCC
Low dose IL-2
18
RR: 3/18 (17%), DCR: 16/18 (89%)
MST: 24.5 mo
Advanced HCC
GM-CSF + IFN-γ
15
RR: 1/15 (7%), DCR: 10/15 (67%)
MST: 5.5 mo
Advanced HCC
Doxorubicin + 5-FU +
30
RR: 2/30 (7%), DCR: 3/30 (10%)
IFN-α2b
MST: 3 mo
adjuvant (ethanol
RCT: IFN-α vs no
49 and
Longer recurrence-free and overall
injection)
treatment
25
survival after IFN-α therapy (P-value not
reported
Advanced HCC
5-FU + IFN-α2b
43
RR: 9/36 (25%), DCR 22/36 (61%)
MST: 19.5 mo
Advanced HCC
Cisplatin + 5-FU +
6
RR: 2/6 (33%), DCR 3/6 (50%)
IFN-α
MST: NA
Advanced HCC
Intratumoral
21 (8
RR: 1/8 (13%), DCR 7/8 (88%)
adenovirus encoding HCC)
MST: NA
IL-12 genes
Advanced HCC Cisplatin + doxorubicin
26
RR: 4/26 (15%), DCR 13/26 (50%)
+ 5-FU + IFN-2α
MST: 6 mo
Advanced HCC
5-FU + IFN-α2b
9
RR: 3/9 (33%), DCR 4/9 (44%)
MST: 11.5 mo
Advanced HCC
AFP peptide
6
RR: 0/6 (0%), DCR 0/6 (0%)
vaccination
MST: 8 mo
Adjuvant
RCT: autologous
18 and
Significantly longer recurrence-free
formalin-fixed tumor
21
survival after vaccination (P = 0.003)
vaccine vs no treatment
Advanced HCC
a telomerase peptide
40
RR: 0/40 (0%), DCR 17/37 (45.9%)
vaccine in combination
MST: 9.8 mo
with a low dose
cyclophosphamide
Advanced HCC
GPC3-derived peptide
33
RR: 1/33 (3%), DCR 20/33 (60.6%)
vaccine
MST: 9.0 mo
OS was significantly longer in patients
with high GPC3-specific CTL frequencies
Advanced HCC
GPC3 monoclonal
20
RR: 0/20 (0%), DCR 4/20 (60.6%)
antibody
MST in GPC3 high was likely to be longer
than that in GPC3 low or no expression
group [49.4 wk vs 13.0 wk]
Advanced HCC
anti-CTLA-4 antibody
21
RR: 3/21 (17.6%), DCR 13/21 (76.4%)
MST: 8.2 mo
RCT: activated
76 and
autologous lymphocyte
74
vs no treatment
Dendritic cell pulsed
20 (2
with autologous tumor HCC)

Dendritic cell pulsed
10 (8
with autologous tumor HCC)
2004 Advanced and early Cytokine induced killer
13
HCC
cell
2005
Advanced HCC
Dendritic cell
17 (8
transfected with
HCC)
adenovirus encoding
IL-12 gene

10317

Significantly longer recurrence-free
survival after transfer of activated
lymphocytes (P = 0.008)
RR: NA, DCR: NA
MST: 10.5 mo
Persistent AFP over a period of 6 mo in
one of two patients
RR: 0/8 (0%), DCR 6/8 (75%)
MST: NA
RR: NA, DCR: NA
MST: NA
RR: 0/0 (0%), DCR: 2/8 (25%)
MST: NA

Ref.
[91]
[92]
[93]
[94]
[95]
[96]
[97]
[99]
[100]

[49]
[50]
[102]

[105]
[108]
[56]
[8]

[114]

[60]

[61]

[69]

[10]

[98]

[101]
[78]
[103]
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Chi

Taiwan

2005

Lee et al

Taiwan

2005

Kumagi et al

Japan

2005

Butterfield et
al
Nakamoto et
al

United
States
Japan

2006

Weng et al

China

2008

Hui et al

China

2009

Palmer et al

2007

United 2009
Kingdom

Olioso et al

Italy

2009

Hao et al

China

2010

Ma et al

China

2010

Nakamoto et
al

Japan

2011

Zhou et al

China

2011

Qiu et al

China

2011

Tada et al

Japan

2012

Cui et al

China

2014

Advanced HCC

Local radiation +
intratumoral DC
injection
Advanced HCC
Dendritic cell pulsed
with autologous tumor
Advanced HCC
Intratumoral dendritic
cell injection after
ethanol injection
Advanced HCC
Dendritic cell pulsed
with AFP peptide
Advanced and early
Non-RCT: TACE +
HCC
dendritic cell vs TACE
alone
Adjuvant (TACE RCT: cytokine induced
and RFA)
killer cell vs no
treatment
Adjuvant
RCT: cytokine induced
(resection)
killer cell 3 courses vs 6
courses vs no treatment
Advanced HCC

Dendritic cell pulsed
with liver tumor cell
line lysate (HepG2)
Advanced HCC Cytokine induced killer
cell + IFN-α
Advanced HCC
Non-RCT: TACE +
cytokine induced killer
cell vs TACE alone
Adjuvant (RFA)
RFA and autologous
RetroNectin activated
killer cells
Adjuvant (TACE)
TACE + OK432stimulated DCs vs
TACE alone
HCC with hepatitis Immature DCs, CIK,
B (PMWA)
CTL and tumor lysatepulsed DC
Adjuvant
RCT: TAA-pulsed
(resection)
DC and CIK vs no
treatment
Advanced HCC TACE + multiple TAApulsed DC
Adjuvant (RFA)

RFA + NK cells, γδT
cells and CIK cells vs
RFA alone

14

RR: 2/14 (14%), DCR 9/14 (64%)
MST: 5.6 mo

[104]

31

RR: 4/31 (13%), DCR 21/31 (68%)
MST: NA
Feasibility study

[79]

4

10
10 and
11

RR: 0/10 (0%), DCR 0/10 (0%)
MST: 7.5 mo
No significant difference in survival

[106]

[55]
[107]

45 and
40

Significantly longer recurrence-free
[109]
survival after immunotherapy (P = 0.01)

41, 43
and 43

Significantly longer recurrence-free
[110]
survival after immunotherapy (P = 0.001
and 0.004)

35

RR: 1/25 (4%), DCR 7/25 (28%)
MST: 5.6 mo

[111]

12 (1
HCC)
72 and
74

Complete response
Survival time: 33 mo (alive)
Significantly longer survival after
combination therapy (P < 0.001)

[112]

7

During a 7-mo follow-up, no severe
adverse events, recurrences, or deaths

[115]

[113]

13 and
Significantly longer recurrence-free
[80]
22
survival after immunotherapy (P = 0.046)
10

This Phase Ⅰ study revealed this therapy [116]
was safe and increased the percentage of
effector cells
9 vs 9
Significantly longer recurrence-free
[117]
survival after immunotherapy (P =
0.00121)
5
This Phase Ⅰ/Ⅱ study revealed this
[118]
therapy was safe and increased the
percentage of effector cells
30 and
Significantly longer recurrence-free
[76]
32
survival after immunotherapy

CIK: Cytokine-induced killer cells; CTL: Cytotoxic T lymphocyte; DCR: Disease control rate; GM-CSF: Granulocyte macrophage colony-stimulating factor;
HCC: Hepatocellular carcinoma; IFN: Interferon; IL: Interleukin; LAK: Lymphokine-activated killer cell; MST: Median survival time; NA: Not assessed; NK:
Natural killer; PMWA: Percutaneous microwave ablation; RCT: Randomized control trial; RFA: Radiofrequency ablation therapy; RR: Response rate; TAA:
Tumor-associated antigen; TACE: Transcatheter arterial chemoembolization; TIL: Tumor-infiltrating lymphocyte.

both innate and adoptive immune responses and
therefore provide a rationale for a treatment strategy
that combines immunotherapy with local ablative
procedures.

IMMUNOTHERAPY FOR HCC
The goal of immunotherapy in the treatment of
cancer is to provide a clinical benefit by facilitating
the immune response. The induction of long-lasting
tumor-specific responses without autoimmunity is
the ideal immunotherapeutic scenario. Several clinical
trials have been conducted in which immunotherapy
has been exploited to enhance anti-tumor responses
in patients with advanced HCC, or to reduce the risk
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of recurrence following curative treatment (Table
1). Although many of these studies were small nonrandomized trials, some at least demonstrated the
feasibility and safety of the overall strategy. Based on
these studies, immunotherapy was found to be safe,
even in patients with liver cirrhosis, as severe adverse
events were less intense and occurred less often when
compared to conventional chemotherapies. However,
most of them failed to demonstrate clinical efficacy.

CYTOKINE THERAPY
Efforts to enhance the immune response in the context
of HCC have been undertaken through methods
that incorporate immunostimulatory cytokines. For
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instance, interferon (IFN), which is used in patients
with viral hepatitis, has been utilized in patients with
[43]
HCC . IFN monotherapy has been investigated in an
adjuvant setting not only to prevent tumor recurrence
but also to inhibit any development of cancer, as in the
case of patients with chronic hepatitis B or C virus.
IFN-α induces an antitumor response by enhancing
cytotoxicity, tumor antigen presentation and lymphocyte
[44,45]
proliferation, and by blocking angiogenesis
. IFN-α
treatment for HCC has demonstrated some clinical
efficacy, perhaps by preventing or delaying tumor
relapse after curative resection or ablation, with good
[46,47]
tolerance
.
[48]
Lai et al
reported that IFN-α was effective for
prolonging survival and inducing tumor regression in
patients with advanced HCC. IFN-α has also been used
in combination with chemotherapy, such as cisplatin
[49,50]
and 5-fluorouracil (5-FU), for advanced HCC
.
[51]
Obi et al
reported that in HCC patients with portal
venous invasion a combination of 5-FU and IFN-γ
treatment led to complete response in 16% and partial
response in 36%. IFN-γ alone induced apoptosis and
[52]
inhibited cell growth in HCC . The combination of
IFN-γ and granulocyte-macrophage colony-stimulating
factor (GM-CSF) was tested and found to be effective
in selected advanced HCC patients. However, due to
the controversy concerning the effect of IFN on HCC
patients and the high rate of toxicity, this regimen
cannot be recommended as a standard treatment for
all HCC patients.
IL-2, one of the most highly immunostimulatory
cytokines, has key functions in the immune system.
The effect of IL-2 has been evaluated in various
cancers, particularly melanoma and renal cell
carcinoma, for its ability to stimulate the proliferation
and activity of T cells that would cause tumor
[53,54]
regression
. IL-2 has also been tested for treating
HCC patients, but unfortunately, no effect was noted.

TAA TARGETED THERAPY
A particularly innovative strategy involving the immune
system has been to exploit the constellation of unique
proteins that are expressed specifically on tumor
cells. Such proteins, or so-called TAAs, are mutant or
aberrantly expressed antigens that are recognizable
by the adaptive immune system. For instance, tumor+
specific CD8 T cells are considered to be critical for
cancer control. These T cells recognize 8-11 amino acid
peptides that are derived from TAAs and are presented
in association with MHC class Ⅰ complexes. TAAs
have been targeted through the isolation of antigenspecific human monoclonal antibodies or the design
of humanized or chimeric monoclonal antibodies.
Tumor-targeted antibodies such as rituximab (CD20)
for lymphoma, trastuzumab (HER2/NEU) for breast
cancer, bevacizumab (VEGFA) for metastatic colorectal
cancers and lung cancer, and cetuximab (EGFR) for
metastatic colorectal cancer and advanced head-and-
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neck cancer have been shown to be effective and are
currently part of standard treatment modalities.
Many TAAs have been targeted for HCC immu
notherapy. AFP has been the most thoroughly
investigated as a potential HCC tumor-specific antigen.
Several AFP-based immunotherapeutic regimens have
been reported; however, no dramatic clinical benefits
[55,56]
were observed
.
GPC3 is a member of the glypican family of
heparan sulfate proteoglycans that are attached to
the cell surface via a glycosylphosphatidylinositol
(GPI) anchor. GPC3 is not only tumor-specific but
also has a role in cell proliferation; therefore, it is
an attractive target for HCC. GPC3 is specifically
overexpressed in 70%-81% of HCC tumors, and it
[57,58]
correlates with poor prognosis
. GPC3 can be used
as a serum biomarker, and immunostaining for GPC3
is recommended for the pathologic diagnosis of early
[59]
stage HCC by international guidelines .
The feasibility of peptide-based vaccine or antibody
immunotherapy targeting GPC3 has been investigated
in several studies. We have conducted a Phase Ⅰ clinical
trial using GPC3-derived peptide vaccines in patients
[60]
with advanced HCC . Advanced HCC patients (n
= 33) were administered GPC3 vaccination with the
following protocol: intradermal injections on days 1, 15
and 29 with dose escalation. GPC3298-306 (EYILSLEEL)
was used in HLA-A24-positive patients and GPC3144-152
(FVGEFFTDV) in HLA-A2-positive patients. The GPC3derived peptide vaccines demonstrated antitumor
effects as well as safety. A partial response (PR) was
observed in one patient and in 4/19 patients with
stable disease (SD); the degree of tumor necrosis
or regression exhibited did not meet the criteria for
PRs. Two months after the initiation of treatment,
the disease control rate (PR + SD) was 60.6%. The
serum AFP and/or des-γ-carboxy prothrombin levels
associated with HCC decreased temporarily in nine
patients. Moreover, we analyzed the GPC3-specific
cytotoxic T lymphocyte (CTL) frequency ex vivo with
an IFN-γ enzyme-linked immunospot (ELISPOT) assay.
Increased numbers of GPC3 peptide-specific CTLs in
peripheral blood were found in 30 patients following
GPC3 peptide vaccination. The frequency of GPC3
peptide-specific CTLs in the peripheral blood was also
correlated with OS in HCC patients who received the
peptide vaccination. In fact, the frequency of GPC3
peptide-specific CTLs constituted the only prognostic
factor for OS in this trial. The median OS was 12.2 mo
(95%CI: 6.5-18.0) in patients with a high frequency
of GPC3 peptide-specific CTLs versus 8.5 mo (95%CI:
3.7-13.1) in individuals with a low GPC3-specific CTL
frequency (P = 0.033). These observations indicate
that GPC3-derived peptide vaccines represent a novel
immunotherapeutic strategy for patients with HCC and
have the potential to improve OS.
Subsequently, a Phase Ⅱ study of the GPC3-derived
peptide vaccine was conducted as an adjuvant therapy
for HCC patients. Patients (n = 40) with primary HCC
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who had undergone surgery or radiofrequency ablation
were enrolled in this open-label, single-arm trial. They
received 10 vaccinations over 1 year following curative
treatment. The primary endpoints were the 1- and
2-year recurrence rates. The secondary endpoints were
immunological responses, as measured by the IFN-γ
ELISPOT assay. The correlations between the time of
recurrence and immunological responses are currently
being analyzed.
We have also conducted a trial to determine whe
ther tumor-infiltrating lymphocytes with an antitumor
effect are actually increased in advanced HCC cases.
Liver biopsies were performed before and after GPC3
peptide vaccination, as per the protocol. In this trial,
GPC3 peptide-specific CTLs were detected in liver
biopsy specimens of one patient by flow cytometry
with dextramer staining. The results of this study will
be reported in the near future.
In another approach, GPC3 antibodies have been
developed and are currently under clinical evaluation
for the treatment of HCC patients. GC33 is a novel
recombinant fully humanized monoclonal antibody that
binds to human GPC3. In a Phase Ⅰ study, patients (n
= 20) treated with GC33 showed good tolerance and
[61]
no dose-limiting toxicity . An SD of more than 26
wk was observed in 4/15 (16.7%) patients, all of who
were in the GPC3 high expression group. The median
OS in the GPC3 high expression group (49.4 wk,
95%CI: 12.6-81.0 wk) was greater in the GPC3 low or
no expression group (13.0 wk, 95%CI: 10.6-54.9 wk;
P = 0.142). Thus, antitumor activity associated with
the target GPC3 expression was observed in this study.
A Phase Ⅰ study has also been performed to
elucidate the therapeutic benefit of a combination
therapy of GC33 and sorafenib. A Phase Ⅱ study of
GC33 in patients with advanced or metastatic HCC
has also been completed and the results are currently
undergoing analysis.
Other TAAs have also been explored as potential
vaccine targets. MAGE-A1 is overexpressed in
approximately 65% of HCCs, MAGE-A3 in approximately
[62]
70%, and NY-ESO-1 in approximately 45% .
However, to our knowledge, there have been no
reports of these TAAs in vaccine trials for HCC. On
the basis of genomic data sets, a number of TAAs
overexpressed in HCC will potentially prove to be
highly immunogenic. Furthermore, elucidation of the
underlying molecular and cellular mechanisms involved
may further advance TAA targeted immunotherapy as
a viable treatment option.

IMMUNE CHECKPOINT INHIBITORS
The balance between co-stimulatory and coinhibitory signals determines the cytotoxic T-cell
[63]
activation and intensity of the immune response .
Immune checkpoint receptors are often upregulated
in tumor tissue and promote tumor evasion from
host immunosurveillance. As receptors, they readily
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emerged as a novel class of potential targets to be
modulated in order to stimulate the immune response.
CTLA-4, PD-1, TIM-3, LAG-3, BTLA, VISTA, and OX40
are the most studied immune checkpoint receptors.
CTLA-4 has been the first immune checkpoint
receptor to be clinically targeted. It is expressed
exclusively on activated T cells, Tregs, and naïve T
[64-66]
cells
. CTLA-4 binds to CD80/CD86 with much
higher affinity than CD28, antagonizes the CD28
binding to CD80/CD86, and inhibits T-cell and antigen[17,67]
presenting cell (APC) activation
. Ipilimumab blocks
the interaction of CTLA-4 with its ligands CD80/CD86
[68]
and thereby promotes T-cell activation . The United
States Food and Drug Administration (FDA) approved
ipilimumab for the treatment of melanoma in 2011
based on a randomized Phase Ⅲ trial where OS was
improved by nearly 4 mo.
Efficacy of a different anti-CTLA-4 antibody,
tremelimumab was also examined in a Phase Ⅰ trial
for HCC patients (n = 21) with inoperable cancer
[69]
and chronic HCV infection . Tremelimumab was
well tolerated, and there were no treatment-related
deaths. PR and SD rates were 17.6% and 76.4%
respectively, and 45% of the patients experienced SD
for more than 6 mo. Interestingly, tumor response was
greater in patients with stable levels of IFN-γ during
the treatment compared to those with lower levels. It
was proposed that more active antitumor immunity
occurred in these patients in response to the therapy.
A Phase Ⅰ clinical trial combining tremelimumab with
RFA or TACE is ongoing.
PD-1 is a CD28 superfamily member that trans
mits co-inhibitory signals for the TCR receptor and
is expressed not only on activated T and B cells,
[70]
but also Tregs and MDSCs . PD-1 mediates the
differentiation and proliferation of Tregs and therefore
[71]
regulates peripheral tolerance and autoimmunity .
Preliminary clinical results for an antibody against
PD-1, lambrolizumab, indicate that this protein is
a critical target for the enhancement of antitumor
immunity and with the potential to produce durable
antitumor efficacy. Lambrolizumab induced tumor
regression in advanced melanoma patients with a
[72]
favorable tolerance . Interestingly, lambrolizumab
was effective even in patients who failed ipilimumab
treatment, indicating a fundamental distinction in the
mechanisms underlying PD-1 and CTLA-4 blockade.
Finally, the combination of nivolumab, a different
PD-1 antibody, with ipilimumab achieved antitumor
response with limited toxicity in 40% of patients with
[73]
advanced hematologic malignancy . A Phase Ⅰ trial of
nivolumab for patients with advanced HCC is currently
underway (NCT01658878).

CELL TRANSFER IMMUNOTHERAPY
Adoptive cell therapy (ACT) is exploits the cancer
patient’s own lymphocytes with anti-tumor activity, and
works by expanding the cell population ex vivo and then

10320

September 28, 2015|Volume 21|Issue 36|

Tsuchiya N et al . Potentiality of immunotherapy for HCC treatment
1.0

Probability of survival

0.8
Conventional therapy + future immunotherapy

0.6

0.4
Conventional therapy

0.2

0.0

0

12

24

36

48

60 72
t /mo

84

96

108 120 132

Figure 1 Combination strategies incorporating immunotherapy
demonstrate augmented antitumor effects. Survival of patients is plotted
against time in months. Red line: Combination therapy; Blue line: Conventional
therapy.

reinfusing into the patient.
ACT therapy has been demonstrated to be effec
tive in the treatment of a number of tumor types,
such as melanoma, renal cell carcinoma and neuro
[62,74,75]
blastoma
. In the first randomized study of ACT
therapy in HCC patients, IL-2 and anti-CD3 were used
to stimulate autologous peripheral blood mononuclear
cells (PBMCs) in an adjuvant setting following curative
resection of HCC. The ACT therapy reduced tumor
[10]
recurrence by 41% . Sequential RFA/ACT has also
been shown to significantly reduced the risk of HCC
recurrence compared to RFA alone [hazard ratio (HR)
[76]
= 50.136, 95%CI: 0.049-0.379] . While the efficacy
of ACT in HCC patients remains an unknown, the
feasibility and safety of this therapeutic approach have
[77,78]
been evaluated
.
In a second strategy, DC-based immunotherapy
has been attempted for HCC patients with various
methods of stimulating the cells. In the first PhaseⅠ/Ⅱ
clinical trial, AFP peptide-pulsed DCs were used
in patients (n = 39), and the disease control rate
[55]
(PR + SD) was 28% . In a second method, DCs
were pulsed with tumor lysate. DCs treated with
tumor lysate rather than a specific molecular target
demonstrated a 10% PR in HCC patients, confirming
the feasibility and safety of DC vaccination in these
[79]
patients . Finally, DCs were stimulated with OK432, a
streptococcus-derived anti-cancer immunotherapeutic
agent, and transferred into tumor tissues during/after
[80]
transcatheter hepatic arterial embolization (TAE) .
The immunomodulatory effects and clinical responses
were evaluated in HCC patients (n = 13) and
compared to historical controls (n = 22) treated with
TAE only. The patients treated with OK432 stimulated
DCs and TAE had prolonged recurrence-free survival
compared to the historical controls (recurrence rates
360 days after treatments were 2/13 and 12/22,
respectively; P = 0.046). The results demonstrated
that DCs stimulated with OK432 and transferred after
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TAE reduced tumor recurrence in HCC patients.
The third cell type used in an effort to enhance
immunotherapy for HCC has been T cells modified
[81]
with a chimeric antigen receptor (CAR) . CAR T cells
can specifically recognize tumor-associated antigens
and eliminate tumor cells in a MHC-independent
manner. Second- or third-generation CAR improved
the anticancer effect; most of the clinical successes
of CAR T cell immunotherapy have been achieved
in the setting of CD19-positive B-cell hematologic
[82-88]
malignancies where the CR rate was 69%-90%
.
In addition, GPC3-specific CAR T cells have been
developed, and their potential for HCC treatment
[89]
evaluated . The results revealed that T cells
expressing third-generation GPC3-targeted CAR have
the ability to eliminate HCC xenografts with high GPC3
expression in mice. Finally, NK cell infusions are being
tested as therapy for refractory tumors. NK cells have
diverse immunological functions that also include
recognizing and killing cancer cells. For HCC, the trial
of Safety Study of Liver Natural Killer Cell Therapy for
Hepatoma Liver Transplantation (MIAMI NK) has only
just been completed (NCT01147380).

CONCLUSION
Immunotherapy is one of the most promising and
biologically intriguing strategies today for the treat
ment of aggressive human cancers. The approach
is gaining momentum through rigorous clinical and
basic research efforts. However, to establish the
benefit of tumor immunotherapy in the treatment of
HCC and to expand the indications for this approach,
several challenges must be addressed. First, it is
necessary to better define the patient population
that will benefit from immunologic therapies and
expand this population to encompass more than a
minority of patients. This includes the identification
of novel biomarkers to predict who may benefit
from immunotherapy. Second, although several
immunotherapies demonstrated feasibility and safety,
the anti-tumor effect has been inadequate overall.
Combination strategies with another immunotherapy
or conventional cancer therapy, such as chemotherapy
and radiotherapy, may increase the percentage of
patients that respond to tumor immunotherapy.
Therefore studies are needed to determine which
combinations are the most effective. RFA and TACE
used routinely in patients with HCC have been shown
to induce immune responses and could potentially
synergize with tumor immunotherapy. Indeed, several
combination strategies have demonstrated augmented
antitumor effects and are likely to improve survival
rates similar to other cancers (Figure 1). For instance,
we recently demonstrated that a PD-1/PD-L1 blockade
facilitated the antitumor effects of a peptide vaccine
by enhancing the immune response of vaccine[90]
induced CTLs in a murine model . Such studies
would lay the foundation for the clinical development
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Table 2 Criteria for immunotherapy
Criteria
RECIST
irRC
mRECIST
irRECIST

9

Author

Year

Journal

Therasse et al[119]
Wolchok et al[120]
Lencioni et al[121]
Wolchok et al[120]

2000
2009
2010
2014

J Natl Cancer Ins
Clin Cancer Res
Semin Liver Dis
Ann Oncol: conference minutes

10

RECIST: Response Evaluation Criteria in Solid Tumors; irRC: Immunerelated response criteria; mRECIST: Modified RECIST; irRECIST: Immunerelated response RECIST.

of a combination therapy. Third, sufficient evaluation
criteria for immunotherapy are needed. Two different
response evaluation tools already exist for HCC:
RECIST and modified RECIST (mRECIST) (Table 2).
Otherwise, the effect of immunotherapy is evaluated
by immune-related response criteria (irRC) or
irRECIST. The cancer response to immunotherapy is
difficult to evaluate because its effect is delayed. These
criteria need to complement one another and precisely
evaluate the subsequent effect of immunotherapy
for HCC. Addressing these problems will greatly
facilitate realization of the full potential of these novel
immunotherapies for the treatment of this intractable
disease.
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Abstract
Hepatocellular carcinoma (HCC), the fifth most common
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cancer that predominantly occurs in liver cirrhosis
patients, requires staging systems to design treatments.
The barcelona clinic liver cancer staging system
(BCLC) is the most commonly used HCC management
guideline. For BCLC stage B (intermediate HCC),
transarterial chemoembolization (TACE) is the standard
treatment. Many studies support the use of TACE in
early and advanced HCC patients. For BCLC stage 0 (very
early HCC), TACE could be an alternative for patients
unsuitable for radiofrequency ablation (RFA) or hepatic
resection. In patients with BCLC stage A, TACE plus
RFA provides better local tumor control than RFA alone.
TACE can serve as bridge therapy for patients awaiting
liver transplantation. For patients with BCLC B, TACE
provides survival benefits compared with supportive
care options. However, because of the substantial
heterogeneity in the patient population with this stage,
a better patient stratification system is needed to select
the best candidates for TACE. Sorafenib represents the
first line treatment in patients with BCLC C stage HCC.
Sorafenib plus TACE has shown a demonstrable effect
in delaying tumor progression. Additionally, TACE plus
radiotherapy has yielded better survival in patients with
HCC and portal venous thrombosis. Considering these
observations together, TACE clearly has a critical role in
the treatment of HCC as a stand-alone or combination
therapy in each stage of HCC. Diverse treatment
modalities should be used for patients with HCC and a
better patient stratification system should be developed
to select the best candidates for TACE.

Core tip: This article describes the role of transarterial
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chemoembolization (TACE) in the treatment of
hepatocellular carcinoma (HCC) according to the
barcelona clinic liver cancer (BCLC) staging system.
Notably, TACE is the treatment of choice in the
treatment of intermediate HCC (BCLC stage B).
However, in clinical practice, TACE has been used as
an alternative or combination therapy in patients with
early or advanced HCC. Therefore, diverse treatment
modalities, including TACE, should be considered for
the best interests of patients with HCC.
Han K, Kim JH. Transarterial chemoembolization in
hepatocellular carcinoma treatment: Barcelona clinic liver
cancer staging system. World J Gastroenterol 2015; 21(36):
10327-10335 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i36/10327.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i36.10327

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common type of cancer worldwide, predominantly
occurs in patients with liver cirrhosis, and its rate of
[1,2]
incidence is increasing . HCC is a unique type of
tumor because in addition to the extent of the tumor,
[3]
the underlying liver function affects the prognosis .
The barcelona clinic liver cancer (BCLC) staging system
staging system is the most widely accepted model
worldwide as it integrates both tumor characteristics
and general health status with hepatic function to
provide a clinical algorithm to help guide treatment
[4-6]
decision-making according to disease stages
.
Notably, the BCLC staging system stipulates that
transarterial chemoembolization (TACE) is the standard
of care for patients with intermediate HCC. A growing
body of evidence supports the use of TACE for patients
with early and advanced HCC. This narrative review
offers a critical appraisal of the available data regarding
the role of TACE in the treatment of HCC based on the
BCLC staging system.

BCLC STAGING SYSTEM
Recently, diverse HCC staging systems have been
proposed, including TNM staging, the Cancer of the
Liver Italian Program (CLIP), the Chinese University
Prognostic Index (CUPI), the Japanese Integrated
Staging (JIS) system, and the BCLC staging and
[7-10]
treatment strategy
. Among these systems,
only BCLC staging has been externally validated
and allocates management choices to the following
five different disease categories: very early, early,
intermediate, advanced, and terminal. Importantly,
liver expert groups (EASL and AASLD) generally
agree that the BCLC system is preferred for HCC
staging because it helps to predict survival outcomes
and plan treatment options, and it is likely to be

WJG|www.wjgnet.com

updated to reflect the latest molecular research to
enhance prognostic and stage-specific management
[11,12]
strategies
. We summarize the BCLC staging
system and treatment strategies for each disease
stage in Figure 1.

BCLC staging system and TACE
According to the BCLC system, TACE is the standard
of care for both intermediate HCC. As described in
the BCLC guidelines, this stratum of patients shows
a survival benefit from TACE, which will be discussed
later. However, in clinical practice, TACE has been
widely used for different stages of HCC that extend
beyond those recommended in the BCLC system
(early or even advanced HCC). Irrespective of the
heterogeneity in TACE techniques, chemotherapeutic
agents, and treatment intervals, the term “conventional
TACE” generally refers to the use of Lipiodol as an
embolic material. For conventional TACE, various
anticancer drugs are vigorously mixed with Lipiodol,
which functions as a microvessel embolic agent, a
chemotherapeutic agent carrier, and an augmenter of
antitumor effects by promoting efflux into the portal
[13]
vein . As an alternative to conventional Lipiodolbased regimens, non-resorbable microspheres loaded
with cytotoxic drugs can be administered intraarterially to HCC patients. These particles are termed
“drug-eluting beads” and were developed to sequester
doxorubicin from solution and release it in a sustained
manner. It has been reported that the amount
of chemotherapeutic agents that reach systemic
circulation compared with Lipiodol-based TACE can be
substantially reduced, thus sharply increasing the local
[14]
drug concentration .
The phase Ⅱ PRECISION V trial compared
doxorubicin-loaded DEBs with conventional TACE and
demonstrated a significant reduction in liver toxicity
and drug-related adverse events. However, to date,
no prospective study has yet reported a significant
difference in clinical efficacy between Lipiodol-based
[15]
TACE and DEB TACE .
Herein, we review the clinical implications of
conventional TACE in each BCLC category.

Very Early Stage HCC or Stage 0
(PST 0, Child-Pugh A)
This stage refers to patients with a single tumor ≤ 2
cm or in situ. The American Association for the Study
of Liver Diseases (AASLD) and European Association
for the Study of the Liver (EASL) recommend that
hepatic resection (HR) or liver transplantation (LT)
[11,12]
should be the first option in BCLC 0 patients
.
However, various risks, such as insufficient liver
function, major blood loss, further injury to the normal
parenchyma, and a shortage of liver donors, can
[16,17]
prevent some patients from undergoing HR or LT
.
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HCC

Stage 0
PS 0, Child Pugh A

Stage D
PS > 2, Child-Pugh C

Stage A-C
PS 0-2, Child-Pugh A-B

Early stage (A)
Single or 3 nodules < 3 cm,
PS 0

Very early stage (0)
Single < 2 cm

Single

Intermediate stage (B)
Multinodular PS 0

Advanced stage (C)
Portal invasion, N1, M1, PS 1-2

Terminal stage (D)

3 nodules ≤ 3 cm

Portal pressure/bilirubin
Increased

Associated diseases

Normal

No

Resection

Liver transplantation

Yes
PEI/RF

Chemoembolization

Sorafenib

Liver transplantation

Palliative treatments

Symptomatic treatment

30%-40% of patients

50% of patients

10% of patients

MOS > 60 mo: 5-yr survival: 50%-70%

MOS: 20 mo (45-14)

MOS: 11 mo (6-14)

MOS < 3 mo

Figure 1 Updated barcelona clinic liver cancer staging system and treatment strategy.

In stage 0 patients who are not suitable for HR or LT,
diverse logoregional ablation techniques have been
employed. Among these patients, radiofrequency
ablation (RFA) is recognized to be the modality of
choice. Recently, RFA was shown to be as effective
as HR for small HCCs in terms of overall survival,
and some investigators suggest that RFA may be
the first option for patients with a single HCC that is
2 cm or smaller, even when they can be surgically
[18-20]
resected
. However, in patients with HCCs with
a subcapsular or dome location or HCCs adjacent to
the main bile duct or bowel loop, RFA may not be
technically feasible because of the associated risks that
include bowel perforation, major bleeding, and bile
[21]
leakage .
Notably, TACE was previously only considered in
this group of patients when HR, RFA, and LT were all
[22]
not possible for various reasons. Kim et al
recently
compared the effectiveness of TACE and RFA for
stage 0 HCC, and reported no statistically significant
difference in overall survival between the two groups,
although RFA showed a better tumor response and
delayed tumor progression. TACE may be considered
a viable alternative treatment to RFA for treating
single HCCs that are 2 cm or smaller when RFA is not
feasible.

EARLY STAGE HCC OR STAGE A (≤ 3
NODULES, ≤ 3 CM EACH, PS 0)
This stage includes patients with a single HCC or up
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to three nodules < 3 cm. Currently, if patients have
well-preserved liver function without major vascular or
lymphatic invasion, HR is considered to be the standard
[12]
of care for early HCCs . Unfortunately, in this stage,
many patients do not satisfy the BCLC criteria for
HR because HCC usually occurs in liver cirrhosis. As
mentioned above, RFA has been found to be equally
safe and effective as a first-line treatment for a single
[23]
HCC up to 5 cm in diameter . However, the local
tumor progression rate, an important prognostic factor
for RFA-treated HCC, was reported to sharply increase
[24,25]
for tumors that exceeded 3 cm in size
. Notably,
it is rarely possible to achieve complete ablation for
tumors larger than 5 cm because of limitations for
[26,27]
[28]
the ablation zone
. Kim et al
compared the
effectiveness and safety of combined RFA and TACE to
RFA alone in the treatment of mid-sized HCC (3-5 cm).
In the combined therapy group, the long-term local
tumor progression rates were lower than those of the
RFA alone group (1-, 3-, 5-, and 7-year LTP rate: 9%,
40%, 55%, and 66% vs 45%, 76%, 86%, and 89%,
respectively; all p < 0.001). The observed advantages
appear to be attributed to reduced heat-sink effects
by occluding the arterial flow and allowing for more
[29-31]
microscopic satellite tumor control
.
Because the BCLC staging system categorizes
solitary HCC as an early stage disease irrespective
of tumor size, large single HCCs (> 5 cm) without
vascular invasion also belong to the BCLC A stage. Jin
[32]
et al
compared the outcomes of HR and TACE for
solitary large HCC. They reported that HR offered a
significantly better 5-year survival rate in the surgical
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Table 1 Subclassification system for intermediate hepa
[43]
tocellular carcinoma proposed by Bolondi et al
BCLC substage
Child-Pugh Score
Beyond Milan and
Within Ut-7
ECOG-PS
PVT
1st option
Alternative

B1

B2

B3

B4

5-6-7
In

5-6
Out

7
Out

8-9
Any

0
No
TACE
LT,
TACE +
ablation

0
No
TACE or TARE
SOR

0
No

0-1
No
BSC
LT

Research
trials
TACE, SOR

TACE: transarterial chemoembolization; LT: liver transplantation.

group than in the TACE group (65% vs 17%, p <
0.01) irrespective of tumor size. In the study of Zhu
[33]
et al , the propensity score matched findings also
demonstrated a better 5-year survival rate in the
surgical group than in the TACE group with propensity
score matching (41.3% vs 18.5%, p = 0.007).
[34]
Recently, Lee et al conducted the largest study (159
total patients: 91 patients for HR and 68 patients for
TACE) to date that compared long-term survival after
HR and TACE as the initial treatment for large solitary
HCC (> 5 cm), which yielded contradicting results.
The 5-year overall survival rates of HR and TACE were
66% and 50%, respectively, and TTP was longer in the
HR group. After propensity score matching (58 pairs),
the overall survival of TACE patients was comparable
to that of HR patients, and TTP remained significantly
longer in patients treated with HR. The difference in
overall survival between the two groups might result
from differences in baseline patient characteristics
rather than the treatment modality. They concluded
that TACE could be considered as an alternative initial
treatment for large solitary HCCs if HR is not feasible,
particularly in patients with clinically presumed portal
hypertension. A large, randomized, controlled study is
warranted to compare the long-term outcomes of HR
and TACE in the treatment of large solitary HCCs.
The Milan criteria (one lesion ≤ 5 cm in diameter
or up to 3 lesions ≤ 3 cm) can be applied as a
basis for selecting patients with cirrhosis and HCC
for LT. However, liver transplant candidates greatly
outnumber liver donors. It has been suggested that
TACE can be used to downstage a tumor within the
[35-39]
Milan criteria before transplantation
. Additionally,
TACE can be used as a bridge to LT in cirrhotic patients
[40]
with HCC within the Milan criteria .

Stage B (Intermediate HCC)
The intermediate stage constitutes asymptomatic,
large, or multifocal HCCs without evidence of vascular
invasion or extrahepatic metastasis. TACE is the
recommended treatment modality for this stratum of
[4]
patients . This recommendation is based on a metaanalysis of seven trials, which demonstrated that
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TACE showed a significant improvement in 2-year
survival compared with best supportive care (OR =
[41]
0.53; 95%CI: 0.32-0.89; p = 0.017) . However,
patients enrolled in these studies were not categorized
according to the BCLC staging system and many
patients with early HCCs were included. Furthermore,
many patients had compensated liver function (ChildPugh A) and, thus, the role of TACE in HCC patients
with Child-Pugh class B is relatively insufficient.
Similarly, one of the great problems of BCLC stage B is
the enormous heterogeneity of the population in tumor
load, age, liver function, and potential comorbidities.
However, no subgroup stratification exists for this
stage, making it difficult to provide optimal treatment
[42]
strategies . Therefore, in clinical practice, TACE is
often used outside of the current treatment guidelines.
Recently, several groups have proposed patient
[43]
stratification systems. Bolondi et al
proposed a
subclassification system of intermediate HCC based
on key parameters related to tumor burden and liver
function. The key parameters in such four-subgroup
systems included the Child-Pugh score, tumor load
(within or beyond the up-to-seven criteria), the
ECOG performance and portal venous thrombosis,
and the first and alternative treatment options were
[44]
assigned to each category (Table 1). Ha et al
evaluated the usefulness of such subclassifications.
In their study, patients belonging to the B1 and B2
subclasses had a median overall survival of 41 or
22 months, respectively. They did not observe any
survival difference between the B3 and B4 groups (14.1
mo vs 17.2 mo, p = 0.48) and proposed a modified
subclassification system by merging the B3 and B4
patients to facilitate per-subclass-based treatment
options (median OS: 16.6 mo).

Combination Strategies
TACE + RFA

Despite the established survival benefit of TACE in
patients with intermediate HCC, and as TACE is a
palliative treatment that does not result in complete
tumor necrosis, tumor recurrence after TACE is
common. Additionally, repeat TACE might damage
liver function and adversely affect patient survival.
Nevertheless, RFA is known to provide better local
control of disease than TACE and can achieve complete
necrosis for small HCCs. However, the effectiveness
of RFA in patients with intermediate or large HCC
is unsatisfactory, with a relatively low complete
necrosis rate that ranges from 29% to 70%, even if
an overlapping technique or repeated procedures are
[45]
used. However, Tanaka et al
investigated the longterm effects of combination therapy for intermediate
HCC. A total of 58 patients with BCLC stage B (single
nodule > 5 cm or measuring more than 30 mm in
diameter or two to three nodules, each measuring
more than 30 mm in diameter, or more than three
nodules, no vascular invasion, and no extrahepatic
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metastasis) were included in that study. They reported
that the 1-, 2-, 3- and 5-year overall survival rates of
the combination therapy group (91%, 65%, 53%, and
27%, respectively) were significantly better than those
of the supportive care group (42%, 8%, 8%, and
0%, respectively). The overall survival rates for the
combination therapy group tended to be higher than
those of patients treated with TACE alone in previous
studies (1-, 2-, and 3-year survival rates of 75%,
50%, and 29%, respectively). Although a large-scale
randomized controlled trial will be required to compare
those results with TACE alone, TACE combined with
RFA seems to be a safe and effective treatment
strategy for patients with intermediate HCC.

Systemic treatment with sorafenib

Sorafenib, an oral multikinase tyrosine inhibitor, is the
treatment of choice in BCLC C patients. However, a
subanalysis of the SHARP trial revealed that sorafenib
was safe and effective, irrespective of whether
patients were either BCLC stage B or C (median OS:
[46]
14.5 mo in BCLC B stage vs 9.7 mo in BCLC C) .
Some investigators demonstrated that sorafenib may
provide benefits for patients with BCLC B HCC who
[46,47]
are ineligible for or have progressed after TACE
.
Furthermore, it is suggested that patients who do not
meet the allocated treatment criteria within a stage
should be offered the next most suitable treatment
[11]
within the same or next stage . Patients with
intermediate HCC who do not respond to TACE may
benefit from sorafenib. Sorafenib will be discussed
more thoroughly in the following section on the BCLC
C stage.

STAGE C (ADVANCED HCC)
Emergence of sorafenib

This category applies to patients who have symptoms
and/or vascular invasion or extrahepatic spread.
No effective systemic chemotherapy exists for
advanced HCC, and systemic chemotherapy might
[46]
even adversely affect patient survival . In this
context, sorafenib, an oral multikinase inhibitor with
antiproliferative and antiangiogenic effects, has
emerged as a promising drug for advanced HCC
interventions. The SHARP trial reported an improved
median overall survival without significant drug
toxicity in patients treated with sorafenib (10.7 mo in
the sorafenib group vs 7.9 mo in the placebo group;
HR = 0.69; 95%CI: 0.55-0.87; p < 0.001), and this
improvement in survival was also identified in the
Asian-Pacific population (6.5 mo in the sorafenib group
vs 4.2 mo in the placebo group; HR = 0.68; 95%CI:
[48,49]
0.50-0.93; p = 0.014)
. Subsequently, sorafenib
has been considered as the standard of care for BCLC
stage C HCC.

TACE and its combination with sorafenib

As demonstrated by the aforementioned previous
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studies, the survival benefit observed after sorafenib
treatment is limited to less than 3 mo, which highlights
the need for better treatment strategies. Under these
circumstances, several investigators have reported
that TACE has the potential to benefit this group of
[50-55]
[56]
patients
. Chung et al
compared the efficacy
and safety of TACE in patients with HCC who initially
presented with main portal vein invasion. They showed
that repeated TACE showed significant survival benefits
compared with supportive care in both Child-Pugh
class A (median OS: 7.4 mo vs 2.6 mo) and B (median
OS: 2.8 mo vs 1.9 mo). Furthermore, irrespective
of the use of sorafenib, the use of TACE to control
intrahepatic HCC has been found to offer survival
benefits compared with conservative management in
[57]
patients with HCC and extrahepatic spread .
TACE-induced hypoxia in surviving tumor cells
results in the release of angiogenic growth factors,
which contribute to tumor recurrence or metastases
[58,59]
and a worse outcome
. Sorafenib inhibits tumor
cell proliferation by blocking the Raf-MEK-ERK signaling
pathway at the Raf kinase level, and exerts an anti
angiogenic effect by blocking vascular endothelial
growth factor receptor-2 and -3 and platelet-derived
[60]
growth factor receptor tyrosine kinase . Therefore,
in theory a combination of TACE with sorafenib might
[61]
provide a benefit for patients with HCC. Choi et al
studied the time to progression and overall survival in
patients with advanced HCC who were treated with
sorafenib plus TACE versus sorafenib alone. They
reported that the median TTP and OS in the combined
group were longer than those in the monotherapy
group (TTP: 2.5 mo vs 2.1 mo, p = 0.008; OS: 8.9 mo
vs 5.9 mo, p = 0.009). Therefore, the addition of TACE
to established sorafenib therapy has a demonstrable
effect in delaying tumor progression in patients
with advanced HCC, although the survival benefit is
uncertain.

TACE plus radiotherapy

TACE combined with radiotherapy has resulted in
improved outcomes for patients with HCC and portal
[62-70]
vein thrombosis
. The rationale for this combined
treatment is that reducing PVT with RT can delay
intravascular tumor growth and the deterioration of
liver function by preserving adequate portal flow, as
well as by facilitating subsequent treatment of the
[66,67]
[71]
primary tumor
. Recently, Kim et al
compared
the efficacy of TACE with or without RT vs sorafenib
for advanced HCC with PVT. In this single center study,
patients were divided into three different pairs (TACE
vs TACE + RT, TACE vs sorafenib, and TACE + RT vs
sorafenib). By propensity score matched analysis,
the TACE + RT group had a longer median time to
progression and overall survival than the TACE-alone
[102 pairs; TTP 8.7 mo vs 3.6 mo (P < 0.01); OS,
11.4 mo vs 7.4 mo (p = 0.023)] and sorafenib groups
[30 pairs; TTP, 3.4 mo vs 1.8 mo (P < 0.01); OS, 5.9
mo vs 4.4 mo (p = 0.03)]. Although these findings

10331

September 28, 2015|Volume 21|Issue 36|

Han K et al . TACE and the BCLC staging system
Table 2 Potential role of transarterial chemoembolization in the treatment of hepatocellular carcinoma
Stage

Potential role of TACE

BCLC 0

TACE may be considered a viable alternative treatment to RFA for treating single HCCs measuring 2 cm or smaller when RFA is not
feasible
1: The combination of TACE and RFA is safe and provides better local tumor control than RFA alone in the treatment of medium
sized HCC (3-5 cm)
2: For a large solitary HCC (> 5 cm), HR provides better overall survival than HCC, but TACE could be considered as an alternative
initial treatment when HR is not feasible
3: TACE can be used to downstage the tumor within the Milan criteria before LT or serve as a bridge to LT
1: TACE is the standard of care for this stratum of patients
2: Combination with other therapies such as RFA and sorafenib may provide better patient survival or local tumor control
1: Repeated TACE showed significant survival benefits in patients with advanced HCC compared with supportive care
2: Sorafenib plus TACE has a demonstrable effect in delaying tumor progression
3: Combination with radiotherapy has resulted in better survival in patients with HCC and PVT

BCLC A

BCLC B
BCLC C

TACE: transarterial chemoembolization; RFA: radiofrequency ablation; HCC: Hepatocellular carcinoma; HR: hepatic resection; LT: liver transplantation.

need to be verified with future randomized controlled
trials, concurrent treatment with TACE and RT could
represent an alternative option to the current standard
sorafenib therapy for the treatment of HCC with PVT.

7

8

CONCLUSION
The BCLC staging system has served as the backbone
of HCC treatment strategies as it stratifies patients
according to outcomes and allocates treatments.
Notably, despite the substantial heterogeneity of the
HCC patient population with BCLC stage B, TACE has
played a key role in the treatment of intermediate
HCC. Additionally, as discussed in this review, TACE
has been used as an alternative or combination
therapy in patients with early or advanced HCC (Table
2). Therefore, diverse treatment modalities should be
utilized for the best interest of patients with HCC. In
future studies, we should also develop a better patient
stratification system to select suitable candidates for
TACE and identify the best alternative treatment for
patients who are refractory to TACE.
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Abstract
Sorafenib is the current standard treatment for
advanced hepatocellular carcinoma (HCC), but its
efficacy is modest with low response rates and short
response duration. Predictive biomarkers for sorafenib
efficacy are necessary. However, efforts to determine
biomarkers for sorafenib have led only to potential
candidates rather than clinically useful predictors.
Studies based on patient cohorts identified the potential
of blood levels of angiopoietin-2, hepatocyte growth
factor, insulin-like growth factor-1, and transforming
growth factor-β1 for predicting sorafenib efficacy.
Alpha-fetoprotein response, dynamic contrast-enhanced
magnetic resonance imaging, and treatment-related
side effects may serve as early surrogate markers.
Novel approaches based on super-responders or
experimental mouse models may provide new directions
in biomarker research. These studies identified tumor
amplification of FGF3/FGF4 or VEGFA and tumor
expression of phospho-Mapk14 and phospho-Atf2 as
possible predictive markers that await validation. A
group effort that considers various prognostic factors
and proper collection of tumor tissues before treatment
is imperative for the success of future biomarker
research in advanced HCC.
Key words: Hepatocellular carcinoma; Predictive
marker; Prognosis; Sorafenib
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: A predictive biomarker of sorafenib efficacy in
advanced hepatocellular carcinoma is a clinical unmet
need. Previous studies identified the potential of blood
levels of angiopoietin-2, hepatocyte growth factor,
insulin-like growth factor-1, and transforming growth
factor-β1 for predicting sorafenib efficacy. Alphafetoprotein response, dynamic contrast-enhanced
magnetic resonance imaging, and treatment-related
side effects may serve as early surrogate markers.
Novel approaches based on super-responders or
experimental mouse models may provide new research
directions. A group effort that considers various
prognostic factors and proper collection of tumor
tissues before treatment is imperative for the success
of future biomarker research in advanced hepatocellular
carcinoma.
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INTRODUCTION
Advanced hepatocellular carcinoma (HCC) is defined
as metastatic or locally advanced HCC not amenable
to locoregional therapy, including surgery, local
ablation, or transcatheter arterial chemoembolization
(TACE). Advanced HCC is known for its extremely poor
prognosis. Patients who received supportive care only
for advanced HCC exhibited a median overall survival
(OS) of only 4.2 and 7.9 mo in East Asian and Western
[1,2]
countries, respectively .
In most countries, sorafenib is the only approved
therapy for advanced HCC because the drug has
been demonstrated to provide survival benefits in 2
randomized, placebo-controlled, double-blind phase Ⅲ
[1,2]
clinical trials . Sorafenib is a multikinase inhibitor of
several growth factor signaling pathways; it inhibits the
vascular endothelial growth factor (VEGF) pathway by
inhibiting VEGF receptors, and the mitogen-activated
[3]
protein kinase (MAPK) pathway by inhibiting Raf .
Although sorafenib can prolong OS, its efficacy is
modest. In the 2 phase Ⅲ clinical trials comparing
sorafenib with a placebo as first-line therapy for
advanced HCC, the objective response rate (ORR) of
sorafenib was only 2% to 3%; the disease control rate
(DCR) was approximately 34% to 43%, and survival
[1,2]
prolongation was fewer than 3 mo
. Numerous
investigators have attempted to develop new therapies
for improving treatment outcomes of advanced HCC.
However, phase Ⅲ studies comparing sunitinib,
brivanib, and linifanib to sorafenib all failed, so did a
phase Ⅲ study comparing sorafenib with erlotinib with
[4-8]
sorafenib alone . As of 2015, sorafenib remains the
only approved therapy for advanced HCC although it
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was approved for this use in the United States in 2007.
Because sorafenib is the only approved drug for
advanced HCC but exhibits a relatively modest activity,
a biomarker to predict sorafenib efficacy can assist
in identifying the minority of patients who are likely
to benefit from the treatment. Numerous studies
have attempted to determine predictive markers
for sorafenib efficacy by analyzing the associations
between potential markers and patient outcomes.
However, most such studies were based on singlearm studies that lack a comparable arm of patients
treated with a placebo, making differentiating
[9]
predictive markers from prognostic markers difficult .
Furthermore, using objective tumor response to
measure treatment efficacy, a strategy that has
been adopted for other cancer types, may not be
appropriate for sorafenib in HCC treatment because
[1,2,10]
of the extremely low ORR of the drug
. OS is
also not an ideal endpoint for identifying predictive
biomarkers of sorafenib in HCC treatment because
it cannot be used to differentiate predictive markers
from prognostic markers. DCR, time to progression
(TTP), and progression-free survival (PFS) have thus
been adopted as alternative endpoints in these studies.
However, DCR, TTP, and PFS are endpoints that
consider not only treatment efficacy but also inherent
tumor behavior.
With these potential limitations in mind, in this
paper we summarize the current understanding of
predictive markers for sorafenib in advanced HCC
treatment. Tables 1 and 2 present the key findings
of the studies discussed in this review. Studies
examining only prognostic markers are excluded. We
also discussed novel approaches for finding predictive
markers for sorafenib. Although the results of these
studies have not been validated, advances in methods
may assist in future biomarker studies.

BLOOD FACTORS
Vascular endothelial growth factor-A

A key target of sorafenib is the VEGF receptor-2;
consequently, the ligand VEGF-A has been studied as
a potential predictor for sorafenib efficacy. In research
based on SHARP study, a phase Ⅲ trial conducted in
Western countries comparing sorafenib with a placebo
[11]
as first-line therapy for advanced HCC, Llovet et al
found that baseline plasma VEGF-A concentration
exhibited no predictive values although low plasma
VEGF-A was associated with improved prognosis. This
finding was comparable to that of a biomarker study
based on a single-arm clinical trial that showed the
association between low plasma VEGF-A level with
[12]
improved OS but not a higher DCR or improved PFS .
A small study with 30 patients demonstrated that
low serum VEGF-A levels were associated with a higher
[13]
DCR but not improved PFS or OS . The study is the
only research to indicate the potential for VEGF-A as
a predictive marker, but its small scale and failure to
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Table 1 Studies on predictive and prognostic markers for advanced hepatocellular carcinoma - serum or plasma markers
Authors

Treatment

Findings supportive of
Predictive markers

Llovet et al[11]
Shao et al[12]
Miyahara et al[13]
Shao et al[12]

Sorafenib vs placebo
Sorafenib plus UFT
Sorafenib
Sorafenib plus UFT

Ang-2

Llovet et al[11]
Miyahara et al[13]

Sorafenib vs placebo
Sorafenib

IGF-1

Shao et al[20]

TGF-β1

Lin et al[23]

HGF

Llovet et al[11]

G-CSF

Miyahara et al[13]
Miyahara et al[13]

AFP response

Shao et al[31]

VEGF-A

IL-6 & 8

Personeni et al[32],
Yau et al[33],
and Kuzuya et al[34]
Nakazawa et al[35]
Circulating
endothelial cells
or progenitors
Neutrophilto-lymphocyte
ratio
ERK activity
changes
Soluble c-Kit

Shao et al[46]

Leptin
LDH

Miyahara et al[13]
Faloppi et al[56]

Sorafenib plus UFT or
bevacizumab plus capecitabine
Sorafenib with or without UFT

Prognostic markers

Others

No predictive values
No predictive values
High VEGF → PD
-

Low VEGF-A → longer OS
Low VEGF-A → longer OS
No prognostic values
Not associated with PFS
High IL-6 and IL-8 →
High IL-6 and IL-8 →
shorter OS
shorter PFS
No predictive values
High Ang-2 → shorter OS
High Ang-2 → PD
No associations
High Ang-2 → shorter
PFS
High IGF-1 → better DCR High IGF-1 → longer OS High IGF-1 → longer PFS
-

Sorafenib vs placebo

Low HGF → better
efficacy1
High HGF → PD
High G-CSF → PD

Sorafenib
Sorafenib

High TGF-β1 → shorter
OS
-

High TGF-β1 → shorter
PFS
-

No associations
No associations

Sorafenib or thalidomide with
tegafur/uracil
Bevacizumab with capecitabine
Sorafenib

AFP response → longer
DCR

AFP response → longer
OS

High HGF → shorter PFS
High G-CSF → shorter
PFS
AFP response → longer
PFS

AFP response → longer
DCR

AFP response → longer
OS

AFP response → longer
PFS

Sorafenib

AFP elevation → PD

AFP elevation → shorter
OS
High CEP → shorter OS

AFP elevation → shorter
PFS
High CEP → shorter PFS

Zheng et al[52]

Caraglia et al[55]
Llovet et al[11]

Sorafenib plus UFT

Sorafenib

Sorafenib + octreotide
Sorafenib vs placebo
Sorafenib
Sorafenib

Increase in post-treatment
total CEC or viable CEC →
PD1
High ratio → shorter TTP High ratio → shorter OS

Post-treatment increase →
PD
High c-Kit → better
efficacy1
High leptin → PD
-

-

-

-

-

-

No associations
LDH decrease → longer
OS

High leptin → shorter PFS
LDH decrease → longer
PFS

1

Borderline significant. AFP: Alpha-fetoprotein; CEC: Circulating endothelial cells; CEP: Circulating endothelial progenitors; DCP: Des-γ-carboxy
prothrombin; DCR: Disease control rate; G-CSF: Granulocyte-colony stimulating factor; HGF: Hepatocyte growth factor; IGF: Insulin-like growth factor;
IL: Interleukin; LDH: Lactate dehydrogenase; ORR: Objective response rates; OS: Overall survival; PD: Progressive disease; PFS: Progression-free survival;
TTP: Time to progression; UFT: Tegafur/uracil; VEGF: Vascular endothelial growth factor.

demonstrate an association with TTP or PFS rendered
the findings less convincing.

Interleukin-6 and interleukin-8

Interleukin (IL)-6 and IL-8 are important inflammatory
response mediators that can promote angio
[14,15]
[12]
genesis
. Shao et al
analyzed the outcomes
of patients who received sorafenib with metronomic
chemotherapy as first-line therapy for advanced HCC
and demonstrated that high pretreatment plasma
IL-6 or IL-8 levels were associated with poor PFS
and OS. Although the baseline pretreatment IL-6 or
IL-8 levels were not associated with DCR, patients
with progressive disease exhibited significantly more
increases in IL-6 and IL-8 levels after treatment than
did patients with disease control.
[12]
Shao et al
reported that IL-6 and IL-8 levels
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may predict sorafenib efficacy. However, the patient
cohort in that study did not receive sorafenib alone.
In addition, the study was small in scale and lacked
validation. Further study is warranted.

Angiopoietin-2

Angiopoietin-2 (Ang-2) is a crucial angiogenic factor.
By binding to its receptor Tie2, Ang-2 cooperates with
the VEGF pathway to maintain normal physiological
functions. In the presence of VEGF, Ang-2 destabilizes
[16]
blood vessels and promotes vascular sprouting . In
cancers, Ang-2 is linked to not only angiogenesis but
[16]
also invasive and metastatic phenotypes . Although
[3]
sorafenib exerts no significant activity against Tie2 ,
the predictive value of Ang-2 has been explored in 2
studies.
[11]
As discussed, Llovet et al
conducted a large
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Table 2 Studies on predictive and prognostic markers for advanced hepatocellular carcinoma -- tissue biomarkers, clinical
parameters, and others
Markers

Authors

Tissue biomarkers
p-ERK expression

p-c-Jun expression
Clinical parameter
DCE-MRI
Positron emission
tomography
Hypertension
Skin toxicity

Others

High p-ERK → longer TTP
No predictive values
High p-ERK → longer TTP
High p-c-Jun expression → poor
response, shorter TTP

p-c-Jun expression →
shorter OS

-

High baseline Ktrans or decreased Ktrans
after treatment→ higher DCR
-

Vascular response1 →
longer OS
Low SUV → longer OS

-

-

Sorafenib

FGF3/FGF4 amplification → higher
tumor response
-

-

Sorafenib

-

VEGFA amplification →
longer OS
High p-Mapk14 or p-Atf2
expression → shorter OS

Hsu et al[63]

Sorafenib plus
UFT
Sorafenib

Estfan et al[71]
Otsuka et al[72]
Otsuka et al[72]
Lee et al[73]

Shao et al[78]

Novel approaches
FGF3/FGF4
Arao et al[79]
amplification
VEGFA amplification Horwitz et al[85]
p-Mapk14, p-Atf2
expression

Prognostic markers

Sorafenib
Sorafenib
Sorafenib
Sorafenib

Lee et al[68]

Rudalska et al[86]

Findings supportive of
Predictive markers

Abou-Alfa et al[57]
Ozenne et al[58]
Chen et al[59]
Hagiwara et al[61]

Vincenzi et al[74]
Hepatitis etiology

Treatment

Vascular response1 →
longer PFS
Low SUV → longer
PFS
Sorafenib
Hypertension → longer TTP (?)2
Hypertension → longer OS
Sorafenib
No predictive values
No prognostic values
Sorafenib
No predictive values
Skin toxicities → longer OS
≥ grade 2 skin toxicities →
≥ grade 2 skin
Sorafenib
longer OS
toxicities → longer PFS
Sorafenib
Early4 ≥ grade 1 skin toxicities → longer
Early ≥ grade 1 skin
DCR and TTP
toxicities → longer OS3
Sorafenib vs
Synthesized hazard ratio for overall mortality: 0.65 in patients with HCV etiology and 0.87 in
other treatments
patients with non-HCV etiology
Sorafenib

-

1

Defined as ≥ 40% decreased in Ktrans after treatment; 2Statistical values of the comparison not reported; 3Borderline statistical significance; 4Within the first
month of treatment. DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging; DCR: Disease control rate; OS: Overall survival; p-: Phospho-;
PBMC: Peripheral blood mononuclear cells; PFS: Progression-free survival; TTP: Time to progression; UFT: Tegafur/uracil.

biomarker study based on SHARP study. The authors
found that a high baseline plasma Ang-2 level was an
independent factor for poorer OS but not for reduced
sorafenib efficacy. Conversely, in a small retrospective
study, a high serum Ang-2 level was associated with
[13]
a lower DCR and poorer PFS . The actual role of
Ang-2 in predicting sorafenib efficacy warrants further
investigations.

Insulin-like growth factor-1

The insulin-like growth factor (IGF) signaling pathway
[17]
is key in regulating energy metabolism and growth .
The pathway is also critical in the carcinogenesis of
many cancers. Neoplastic tissues frequently express
[17]
the ligands of the pathway, IGF-1 and IGF-2 .
However, most circulating IGF-1 and IGF-2 are
[18]
synthesized by the liver . Thus, IGF-1 levels appear
[19]
to be associated with liver reserves .
[20]
Shao et al
explored the predictive role of serum
IGF-1 levels by examining patients who were enrolled
in 2 phase Ⅱ clinical trials. The patients received
either sorafenib with metronomic chemotherapy or
bevacizumab with capecitabine as first-line therapy for
advanced HCC. In the study, high pretreatment serum
IGF-1 levels were associated with a higher DCR and
improved PFS and OS.
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In a study of patients with all-stage HCC, Kaseb et
[19,21]
al
demonstrated that plasma IGF-1 levels could
serve as a satisfactory prognostic marker. Because
[20]
the study by Shao et al
was based on single-arm
clinical trials, there is a chance that their findings were
attributed to the prognostic role of IGF-1, rather than
the ability of IGF-1 in predicting sorafenib efficacy.
Nevertheless, the vast difference in DCR between
patients with high and low levels of IGF-1 (71% vs
[20]
39%) in the study by Shao et al
still suggests that
circulating IGF-1 levels may be useful in predicting
sorafenib efficacy in HCC treatment. Additional
validation studies are warranted.

Transforming growth factor-β 1

Activation of the transforming growth factor (TGF)-β
signaling pathway has been shown to promote tumor
progression, particularly at late and advanced tumor
stages. Blood TGF-β1 levels were higher in patients
with HCC than in patients with chronic hepatitis
[22]
[23]
or cirrhosis . Lin and Shao et al
reported that
patients who received sorafenib containing regimens
for advanced HCC exhibited poorer PFS and OS when
they had higher pretreatment serum TGF-β1 levels.
The DCRs were similar between patients with higher
and lower serum TGF-β1 levels. In addition, serum
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TGF-β1 levels significantly increased before disease
progression.
Although these findings suggest that TGF-β is
associated sorafenib resistance, the current data are
insufficient to justify using TGF-β levels as a predictive
marker for sorafenib efficacy in HCC treatment.

pretreatment AFP levels. Third, no consensus exists
regarding when post-treatment AFP levels should be
examined. Finally, the clinical usefulness of integrating
AFP response with sorafenib treatment has not yet
been verified in prospective studies with adequate
statistical power.

Hepatocyte growth factor

Circulating endothelial cells or progenitors

Hepatocyte growth factor (HGF) is the ligand for c-Met,
[24]
the overexpression of which has been reported in HCC .
The HGF and c-Met pathway was demonstrated to
[25]
be involved in sorafenib resistance . In a biomarker
study based on SHARP study, low HGF was found
to be associated with improved sorafenib efficacy,
but the findings reached only borderline statistical
[11]
significance . In a small retrospective study, patients
with higher HGF levels were less likely to have disease
[13]
control and exhibited shorter PFS . These 2 studies
have demonstrated the potential of HGF as a predictive
marker for sorafenib efficacy. Validation studies are
warranted.

Alpha-fetoprotein

Alpha-fetoprotein (AFP) is a glycoprotein expressed
by HCC and secreted into the blood of approximately
[26]
70% of HCC patients . For patients who undergo
curative hepatectomies for localized HCC, pretreatment
[27]
AFP levels are associated with prognosis . A few
studies have also reported that patients with advanced
HCC and higher pretreatment AFP levels exhibited
[11,28-30]
poorer prognosis
. However, little association
between pretreatment AFP levels and DCR, TTP, or
[28,29]
PFS has been determined
. The predictive value
of pretreatment AFP levels for sorafenib efficacy is
limited.
Conversely, a post-treatment change in AFP levels
has been proposed as a potential surrogate marker
for treatment efficacy in advanced HCC. For patients
who were enrolled in clinical trials and received
antiangiogenic regimens including sorafenib, Shao
[31]
et al
demonstrated the AFP response, defined as
a 20% decline in AFP levels after treatment, was
associated with a higher DCR and improved PFS and
OS. Subsequently, similar findings were reported
in several studies with patients receiving sorafenib
[32-34]
alone
. Another study revealed that patients
with post-treatment AFP elevation exhibited poorer
[35]
outcomes to sorafenib treatment for HCC . The
usefulness of AFP response may not be restricted
to sorafenib treatment. Before sorafenib became
available, AFP response had been associated with
radiologic tumor response and the survival of advanced
HCC patients treated with conventional chemotherapy
[36-38]
or other types of systemic agents
.
However, several problems have been identified
in using AFP response as a marker in clinical practice.
First, AFP response cannot be used in determining
treatment decisions before treatment. Second, AFP
response is inapplicable for patients with normal
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Circulating endothelial cells (CECs) and circulating
endothelial progenitors (CEPs) are potential surrogate
markers of angiogenesis activity. Increases of CECs
and CEPs occur in various physiologic and pathologic
[39]
conditions in which angiogenesis is critical . Elevated
CEC and CEP levels have been identified in patients
with HCC and associated with tumor aggressiveness
[40-43]
and advanced cancer stages
.
Although a few other studies have examined CEC
[44,45]
and CEP levels in patients with advanced HCC
,
only one study enrolled patients who received sorafenib[46]
[46]
containing regimens . Shao et al
evaluated 40
patients enrolled in a phase Ⅱ study testing first-line
combination therapy with sorafenib and metronomic
chemotherapy. The study reported increasing levels of
total CECs or viable CECs after 4 wk of treatment in
patients with progressive disease but not in patients
with disease control. A high baseline CEP level
predicted poorer PFS or OS.
Despite the sound rationale of using CECs or CEPs
to predict the efficacy of antiangiogenic therapy, the
[46]
findings of Shao et al
have not been validated.
Enumeration of CECs or CEPs is highly techniquedependent, which might be a major obstacle for large
validation studies and the clinical use of these markers.

Neutrophil-to-lymphocyte ratio

The blood neutrophil-to-lymphocyte ratio (NLR) has
been proposed as a potential prognostic marker
for HCC. A high NLR has been associated with poor
prognosis in patients who received resection, TACE,
[47-49]
or ablation
, but negative results have also been
[50]
reported .
For patients with advanced HCC who received
sorafenib, the NLR has also been associated with
[51]
prognosis . In a retrospective study, a high
pretreatment NLR was associated with decreased
[52]
OS and TTP . The research is the only study to
demonstrate the potential predictive role of NLRs.
Because NLRs have been demonstrated to be easily
affected by numerous diseases such as acute coronary
syndromes, diabetes mellitus, essential hypertension,
[53]
and thyroid dysfunction , a large study adequately
controlling these cofactors is necessary to study the
predictive and prognostic roles of NLRs for advanced
HCC.

Changes in activity of extracellular signal-regulated
kinase
[3]

One of the targets of sorafenib is Raf , a member
of the MAPK pathway. Extracellular signal-regulated
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kinase (ERK) locates downstream to Raf in the
[54]
[55]
signaling cascade . Caraglia et al
examined ERK
activity in peripheral blood mononuclear cells as a
pharmacodynamic marker for sorafenib. Patients with
disease progression after receiving sorafenib treatment
for advanced HCC exhibited increased post-treatment
ERK activity. By contrast, ERK activity declined in
patients with disease control.
Like AFP response, ERK activity changes cannot be
used as a pretreatment predictive marker. Unlike AFP
response, which can be only for patients with elevated
AFP levels, ERK activity changes, if a truly effective
marker, can be used for all patients treated with
sorafenib. Additional validation studies are anticipated.

Others

The potential of other molecule levels as predictive
markers for sorafenib efficacy has also been explored.
[11]
The study by Llovet et al
reported borderline
statistical significance for soluble c-Kit levels in
predicting sorafenib efficacy. A retrospective study
showed high blood granulocyte-colony stimulating
factor and leptin levels to be associated with
[13]
disease progression and poor PFS . Even lactate
dehydrogenase has been associated with PFS and
[56]
OS . However, most of these findings were based
on studies comprising a limited number of patients
are thus pending validation. Some of the studies also
lacked clear mechanisms for explaining the potential
associations.

TISSUE BIOMARKERS
Direct examining tumor tissues is a more direct
method for determining predictive biomarkers than
are blood factors. However, studies that do so for
advanced HCC are scarce. A crucial reason for this is
that HCC diagnosis does not necessarily require tissue
proof. We discuss this issue further in the “CHALLENGES
IN BIOMARKER STUDIES FOR ADVANCED HCC”
section.

Dynamic contrast-enhanced magnetic resonance
imaging

Dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) measures changes in tumor
blood flow, vascular permeability, and interstitial and
[62]
intravascular volumes . Therefore, DCE-MRI has
the potential for monitoring antiangiogenic effects.
Because sorafenib harbors antiangiogenic activity,
[29]
Hsu et al
performed DCE-MRI on patients who
were enrolled in a phase Ⅱ clinical trial that evaluated
sorafenib with metronomic tegafur/uracil as first-line
therapy for advanced HCC. DCE-MRI was performed
[63]
before treatment and after 14 d of treatment . The
research selected the most contrast-enhanced region
trans
of the tumor and measured the K
parameter. A
vascular response, defined as a ≥ 40% decrease in
trans
K
after treatment, was associated with improved
PFS and OS.
Because of its mechanism, DCE-MRI may not
be a specific marker for sorafenib but for all kinds
of antiangiogenic therapy. Another study examining
sunitinib as a treatment for advanced HCC found
[45]
similar results . The currently available data suggest
that DCE-MRI measurements, like post-treatment
AFP response, may be used as an early surrogate
marker for response to sorafenib treatment. However,
the association between DCE-MRI parameters and
tumor response awaits validation. In addition, whether
this method is cost effective also requires careful
evaluation.

18

Because sorafenib inhibits both angiogenesis-related
pathways and the MAPK pathway through Raf, several
studies have examined the downstream signaling
molecules of Raf, such as ERK. In a phase Ⅱ study of
[57]
sorafenib for advanced HCC, Abou-Alfa et al showed
that patients with tumors expressing high phospho(p-) ERK had a longer TTP. However, recent studies
[58,59]
have reported conflicting results
. Because of the
failure of other inhibitors against the MAPK pathway in
[60]
treating HCC , the role of MAPK pathway inhibition
in sorafenib efficacy for HCC treatment might not be
as pivotal as expected. Whether p-ERK expression is
useful in predicting sorafenib efficacy remains unclear.

A study based on 39 patients treated with sorafenib
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CLINICAL PARAMETERS

Positron emission tomography

Phospho-ERK expression

Phospho-c-Jun expression

for advanced HCC showed that the tumor expression
of p-c-Jun was associated with a poor tumor response,
[61]
TTP, and OS . By demonstrating its association with
CD-133 expression, p-c-Jun expression was associated
with stem cell-like characteristics. The mechanism
underlying the association between p-c-Jun and
sorafenib efficacy requires further exploration.

Although F-fluorodeoxyglucose (FDG)-PET exhibits
[64,65]
a low sensitivity (50%-55%) for HCC diagnosis
,
it may predict prognosis after resection or TACE for
[66,67]
patients with HCC avid for labeled glucose
. Only
one study examined FDG-PET in patients who received
antiangiogenic therapy for advanced HCC. After
[68]
studying 29 patients treated with sorafenib, Lee et al
showed that a low pretreatment standardized uptake
value of FDG predicted improved PFS and OS but not a
higher DCR. This result requires further confirmation.

Treatment side effects

The occurrence of treatment-related side effects can be
a pharmacodynamic marker. Numerous studies have
investigated whether the occurrence of certain treatment
side effects can predict treatment efficacy. For example,
a skin rash is associated with cetuximab efficacy in
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[69,70]

patients with metastatic colorectal cancer
.
Hypertension is a class-specific toxicity for anti
[71]
angiogenic therapy. Estfan et al
performed a retro
spective review of 41 patients who received sorafenib
for advanced HCC and showed that documented
hypertension during treatment was associated with OS,
regardless of baseline blood pressure status. However,
another retrospective study based on patients treated
with sorafenib for advanced HCC failed to identify
associations between hypertension and DCR, PFS, or
[72]
OS .
Skin toxicities, including hand-foot skin reactions
and rashes, are relatively common in patients receiving
sorafenib treatment. Two retrospective studies, one
conducted in Japan and one in South Korea, revealed
that the occurrence of skin toxicities during sorafenib
[72,73]
treatment is associated with improved OS
. The
South Korean study also demonstrated an association
[73]
between hand-foot skin reactions and improved PFS .
However, a retrospective analysis of skin toxicities
during the entire treatment period may have been
confounded by an inherent observation bias because
patients who are treated for longer periods may be at
a greater risk of experiencing toxicities.
[74]
Vincenzi et al
examined associations between
treatment outcomes and skin toxicities within only
the first month of treatment. Sixty-five patients
who received sorafenib for advanced HCC were
enrolled, and early all-grade skin toxicities predicted a
significantly improved DCR and TTP and prolonged OS
with borderline significance.
Clearly, treatment side effects are not ideal bio
markers for dictating patient treatment. Like AFP
response and parameter changes in DCE-MRI, these
treatment side effects can serve only as surrogate
markers.

Hepatitis etiology

HCC is a unique cancer because most patients had
clear etiology. Common etiologic factors for HCC
included hepatitis B virus, hepatitis C virus (HCV),
and alcoholic liver disease. These various etiologic
factors lead to different carcinogenesis processes and
[75-77]
thus different tumor biologic signatures
. These
variations may affect the efficacy of targeted therapies.
In a meta-analysis based on 4 randomized phase
Ⅲ clinical trials that compared sorafenib with either
[78]
a placebo or other treatments, Shao et al
revealed
that patients with HCV infection may have better
treatment outcomes than do patients with other
etiologies. The synthesized hazard ratio for overall
mortality, which compared patients who received
sorafenib with patients who received other treatments,
was 0.65 in HCV-positive patients and 0.87 in HCVnegative patients. The study was limited by the lack of
a multivariate analysis to adjust for other confounding
factors. However, the research indicated that other
clinical factors, such as ethnicity and performance
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status, did not exert such a difference in hazard
ratios as that between patients with or without HCV
infection. This finding requires further validation and
exploration. If true, the underlying mechanisms of HCV
etiology associated with improved treatment outcomes
by using sorafenib may assist in determining new
treatment targets.

NOVEL APPROACHES
Most biomarker studies begin with a cohort of patients
who receive a specific treatment. In our review, such
studies enrolled patients who received sorafenib for
advanced HCC with various responses. However, novel
approaches have emerged. One approach is to begin
with a few patients who exhibited dramatic response
from sorafenib treatment for HCC. These superresponders have been argued as providing stronger
signals, rather than noise, in biomarker detection.
Another approach is combining mouse liver cancer
models, which are intended to mimic human HCC
more closely than do conventional human cancer
cell lines, with cutting-edge, mass genetic screening
strategies to examine critical molecular mechanisms
underlying sensitivity and resistance to sorafenib
treatment.

Super-responders
[79]

Arao et al
identified FGF3/FGF4 amplification in a
patient with advanced HCC who dramatically responded
to sorafenib. Among 10 other sorafenib responders,
3 patients also exhibited FGF3/FGF4 amplification. By
contrast, no FGF3/FGF4 amplification was found in 38
patients who exhibited stable or progressive disease.
According to the literature, FGF3/FGF4 amplification can
[80-82]
be found in 0% to 7% of patients with HCC
.
However, no validation studies have been performed
and how FGF3/FGF4 amplification is associated with
sorafenib efficacy remains unclear. Located at 11q13,
the FGF3/FGF4 site is beside FGF19 and CCND1, 2
genes also frequently reported to exert amplifications in
[83,84]
HCC tissues
. Whether FGF3/FGF4 amplification has
a direct association with sorafenib or is just a bystander,
which would suggest other underlying mechanisms,
requires further study.

Mouse liver cancer models

After applying array-based, comparative genomic
−/−
hybridization in Mdr2-deficient mice (Mdr2 ) that had
developed chronic liver inflammation and liver tumors,
[85]
Horwitz et al
found that 14% of the mouse liver
tumors exhibited the genomic amplification of VEGFA,
the VEGF-A coding gene. The researchers determined
that the mouse liver tumors with VEGFA amplification
exhibited a more distinctive sensitivity to sorafenib
treatment than did those without VEGFA amplification.
Among 54 patients who received sorafenib, VEGFA
amplification was associated with improved OS. No
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association with DCR, TTP, or PFS was reported.
However, the finding with this mouse model indicated
the potential of VEGFA amplification as a predictive
marker in human HCC. Further validation is warranted.
Using a focused short hairpin RNA (shRNA) library
targeting genes located within the focal genomic
amplifications of human HCC in a transposon-based,
[86]
mouse liver cancer model, Rudalska et al
intended
to identify target genes, the inhibition of which
would increase sorafenib efficacy. The researchers
determined that the shRNA-mediated downregulation
or chemical inhibition of Mapk14 (p38α) sensitized
mouse liver tumors to sorafenib treatment. The study
also reported that, among 16 HCC patients treated
with sorafenib, high tumor expression of p-Mapk14
and its downstream target p-Atf2 before treatment
was associated with shorter OS. The study suggests
that Mapk14 signaling could be a critical mechanism in
sorafenib resistance. Whether Mapk14 signaling could
serve as a predictive biomarker for sorafenib treatment
in advanced HCC requires additional validation studies.

CHALLENGES IN BIOMARKER STUDIES
FOR ADVANCED HCC
Despite the clinical need for a predictive marker for
sorafenib efficacy, a lack of progress in this search
has persisted over the past few years. A major factor
contributing to this lack of progress is the scarcity of
HCC tissues, particularly those obtained at advanced
stages and before sorafenib treatment. As a result,
some studies failed to validate their in vitro findings
about potential predictive biomarkers in adequate
[87]
clinical cohorts .
HCC diagnosis does not necessarily require a
[88]
histology diagnosis , which is extremely rare among
malignant diseases. Routinely obtaining tissues from
patients with advanced HCC for biomarker research
may not be ethically sound. Even when tissue samples
are available, the methods of tissue procurement may
considerably affect the stability of certain markers and
[89]
their expression levels. For example, Shao et al
compared the immunohistochemical staining results
of paired HCC tissues acquired through pre-operative
biopsies and hepatectomies performed on the same
patients. Although markers such as p53 and betacatenin exhibited in similar expression levels between
paired HCC tissues, the staining results of p-Akt and
p-ERK revealed marked differences. In summary,
collecting HCC tissues properly from patients with
advanced HCC is imperative for the success of future
biomarker research. Novel clinical trial designs such
as allocating patients with distinctive molecular
derangement into matched targeted therapy might
justify and facilitate obtaining HCC tissues in patients
with advanced HCC.
Prognoses of advanced HCC can be extremely
heterogeneous. Future biomarker research should
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address the etiological factors of HCC, which might
affect carcinogenetic processes and patient sensitivity
[75-78]
to various types of drug therapy
. Several scoring
systems have sustained their prognosis prediction
abilities when only patients with advanced HCC were
[21,90-92]
enrolled
. When biomarker research is based on
single-arm studies, an adequate adjustment for these
prognostic factors must be included in the statistical
analysis.
The possibility for several biomarkers synergistically
predictive of sorafenib efficacy should be kept in mind.
Investigators have found several potential predictive
biomarkers in separate studies, but a study examining
all of them together or even attempting to combine
them is lacking. Future studies should consider add
ressing this issue.
A group effort is essential for success in biomarker
studies. An adequate patient sampling for sufficient
statistical power is a basic requirement for a satisfactory
biomarker study. Currently, several biomarkers with
potential for predicting sorafenib efficacy exist but are
pending validation. An international multi-institution
patient cohort with adequate adjustments for etiological
factors could assist in validating these biomarkers
definitely.

CONCLUSION
A considerable, unmet need in clinical practice exists
for a predictive marker for sorafenib efficacy. Although
sorafenib was approved as first-line therapy for
advanced HCC, not all patients benefit from it. The
largest biomarker study based on SHARP study was
the most useful research for us in determining such
biomarkers because it included an adequate number of
participants and a placebo-controlled group. However,
the study demonstrated the potential of Ang-2 and
HGF with only borderline statistical significance. Other
studies exploring predictive markers for sorafenib
have been based on small, single-arm studies, and
their results, though instructive, awaits validation.
For example, serum IGF-1 levels and the gene
amplification of FGF3/FGF4 and VEGFA showed
promise. However, validation studies are required to
confirm these findings. A group effort that considers
the various prognostic factors and proper collection of
tumor tissues before treatment is imperative for the
success of future biomarker research.
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Abstract
Bariatric surgery is the only effective procedure that
provides long-term sustained weight loss. Sleeve
gastrectomy (SG) has emerged over the last few years
to be an ideal bariatric procedure because it has several
advantages compared to more complex bariatric
procedures, including avoiding an intestinal bypass.
However, several published follow-up studies report
an increased rate of gastroesophageal reflux (GERD)
after a SG. GERD is described as either de novo or as
being caused by aggravation of preexisting symptoms.
However, the literature on this topic is ambivalent
despite the potentially increased rate of GERDs that
may occur after this common bariatric procedure. This
article reviews the mechanisms responsible for GERD
in obese subjects as well as the results after a SG with
respect to GERD. Future directions for clinical research
are discussed along with the current surgical options
for morbidly obese patients with GERD and undergoing
bariatric surgery.
Key words: Gastroesophageal reflux; Sleeve gastrectomy;
Morbid obesity; Bariatric surgery; Gastric bypass
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bariatric surgery is the only effective means
to sustain weight loss. Sleeve gastrectomy (SG) has
become popular because of its advantages over more
complex bariatric procedures. However, an increased
rate of gastroesophageal reflux (GERD) has been
reported after SG that is either de novo or is caused by
aggravation of preexisting symptoms. The literature is
ambivalent about the implications for increased rates of
GERD after SG. This article reviews the mechanisms of
GERD in obese subjects, and the results from SG with
respect to GERD. Future directions are discussed along
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with current surgical options for obese patients with
GERD and undergoing bariatric surgery.
Stenard F, Iannelli A. Laparoscopic sleeve gastrectomy and
gastroesophageal reflux. World J Gastroenterol 2015; 21(36):
10348-10357 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i36/10348.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i36.10348

INTRODUCTION
Obesity is associated with significant morbidity and
mortality linked to increased cardiovascular risk,
osteoarthritis, diabetes, cancer, and gastroesophageal
[1]
reflux disease (GERD). Must et al showed, in their
cross-sectional study, a general pattern of increased
prevalence and severity in overweight and obese
subjects. This occurred consistently across all racial
and ethnic groups and for all health conditions known
to be related to obesity, such as cardiovascular
disease, type-2 diabetes mellitus, hypertension,
stroke, dyslipidemia, osteoarthritis, and some cancers,
with the exception of high blood-cholesterol level.
There is strong published evidence that bariatric
surgery is the only effective means to sustain long[2-4]
term weight loss . This weight loss is also associated
with the resolution of obesity-related comorbid
conditions, which increase the risk of mortality
[2-4]
associated with obesity . Three main procedures are
used nowadays, including gastric banding, Roux-en-Y
gastric bypass (LRYGBP), and the more recent sleeve
gastrectomy (SG). The latter was introduced more
than a decade ago as the first step in a biliopancreatic
diversion with a duodenal switch and has, since then,
been shown to be effective as a stand-alone bariatric
[5,6]
procedure . SG has rapidly gained a large consensus
worldwide in the bariatric community because of its
several advantages, which include it being a simple
and straightforward surgical technique without
needing an intestinal bypass or causing any digestive
anastomosis. This means that the whole digestive tract
[7]
can be accessed without modifying its anatomy .
Although the postoperative mortality and morbidity
of SG has been reported to range between those
of LRYGBP and gastric banding the results of long[8]
term morbidity are less well known . Schauer et
[9]
al recently demonstrated the superiority of the
RYGB over a SG for the morbidly obese patients with
remission type-2 diabetes at 3 years. A recent metaanalysis showed that a RYGBP was significantly more
effective than a SG for the remission of obesity-related
comorbid conditions, although no significant difference
[10]
in weight loss was demonstrated .
Obesity is associated with an increased risk of
GERD, with up to 50% in morbidly obese patients
[11]
suffering from this condition . It has also been
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shown that obesity, itself is a risk factor for GERD
through its mechanical alterations to the esogastric
junction (EGJ), associated with transient relaxation
of the lower esophageal sphincter (LES) and/or the
presence of a hiatal hernia (HH), which may further
exacerbate GERD. Indeed, the latter is considered
to be the only independent predictor for GERD. HH
impairs the EGJ flap, interfering with transmission of
intragastric pressure (IGP) to the LES and modifying
its closure. As a consequence, gastric content may
reflux into the esophagus. In the obese patient, visceral
fat, organomegaly, and elasticity of support core
muscles and ligaments are important in generating an
elevated IGP during inspiration and expiration, which is
responsible, in turn, for increasing the gastroesophageal
pressure-gradient during inspiration.
Although GERD can be particularly invalidating and
may increase the risk of esophageal adenocarcinoma
[12,13]
in the longer term
, the relationship between SG
and GERD has not been fully elucidated. As there is
no strong evidence regarding the influence of SG on
GERD, we reviewed the current literature to determine
whether SG could alleviate, cause, or exacerbate
GERD.

GERD AND LAPAROSCOPIC SLEEVE
GASTRECTOMY
GERD and obesity

GERD is a disorder of the upper gastrointestinal tract
that is defined by heartburn and acid regurgitation,
which develops when reflux of the stomach contents
cause troublesome symptoms and/or complications,
according to the Evidence-Based Consensus of
the Montreal Definition and the Classification of
[14]
Gastroesophageal Reflux Disease, issued in 2006 .
GERD impacts on the daily life of affected individuals,
interfering with physical activity, impairing social
functioning, disturbing sleep, and reducing productivity
at work.
Different mechanisms are implicated for the
occurrence of GERD and reflux esophagitis: i.e., LES
at a mediastinal position and/or with a short intraabdominal length, a low resting LES pressure, transient
relaxation of the LES, increased intra-abdominal or
intragastric pressure, decreased esophageal clearance,
increased acid sensitivity of the esophageal mucosa,
and anatomic abnormalities of the EGJ junction, such
as HH. Moreover, hormones and nutritional factors,
such as fat or alcohol, can influence the resting
pressure of the LES.
Obesity may promote GERD by increasing intraabdominal pressure and the gastroesophageal
pressure gradient, as well as inducing mechanical
[15]
alterations to the EGJ. Pandolfino
found a
relationship between increasing BMI and the
prevalence of GERD, with a high BMI being associated
[16]
with an elevated risk of GERD. de Vries et al
found

10349

September 28, 2015|Volume 21|Issue 36|

Stenard F et al . Sleeve gastrectomy and gastroesophageal reflux
novo GERD after a SG. Some cases are caused by
the large compliant stomach being transformed into
a long and narrow tube. This implies a lack of gastric
compliance, with an increased intraluminal pressure
that correlates inversely with the diameter of the
gastric tube and is increased when the pylorus is
closed. Other factors are related to dismantling of the
anatomical antireflux mechanisms, including disruption
to the Hiss angle and resection of the sling fibers in
the distal part of the lower sphincter, which results in
low esophageal-sphincter pressure. The final shape
of the sleeve also plays a role as it may favor GERD
and regurgitation when it is funnel-shaped. Technical
mistakes include narrowing at the junction between
the vertical and horizontal parts of the sleeve, twisting
[18]
of the sleeve , anatomical stenosis, and persistence
of the gastric fundus and/or a HH that has not been
diagnosed before surgery. The role of the gastric
antrum has not been fully clarified but it is thought
that extensive resection of the antrum may impair
gastric empting and favor GERD.

Table 1 Symptoms of gastroesophageal reflux disease
GERD in obesity

De novo GERD
after SG

Improvement of
GERD
after SG

Mechanism

Increasing BMI

Lack of gastric
compliance

Increasing
intragastric
pressure
Increasing
gastroesophageal
pressure gradient
Hiatal hernia

Increased
intraluminal
pressure
Gastric fundus
removal
LES pressure

Reduced intraabdominal
pressure
Reduced acid
production
Accelerated
gastric emptying
Reduced gastric
volume

Final shape of the
sleeve
Narrowing at
the junction of
the vertical and
horizontal parts of
the sleeve
Twisting of the
sleeve
Dilation of the
fundus
Persistence of
hiatal hernia

Mechanisms involved in improving GERD after a LSG

GERD: Gastroesophageal reflux disease; SG: Sleeve gastrectomy.

that increasing BMI was independently associated
with increased intragastric pressure (IGP) during
inspiration and expiration, which was responsible for
an increase in the gastroesophageal-pressure gradient
during inspiration. That study also showed that BMI,
IGP, and the gastroesophageal-pressure gradient
were strong independent predictors for HH, which
was the only independent predictor of GERD. Visceral
fat, organomegaly, and elasticity of the support core
muscles and ligaments also play important roles in
generating an elevated IGP. Indeed, not all patients
with elevated IGP will develop a HH, and not every
patient with a HH will develop GERD. Furthermore,
there is no linear correlation with GERD severity.
If the anatomy of the EGJ flap valve is maintained
without axial separation of the crura and LES,
theoretically an elevation of IGP is transmitted to the
intra-abdominal LES, and thus the EGJ remains closed.
However, if the EGJ flap valve is obliterated, elevations
in IGP may increase the volume of refluxate once the
EGJ is forced open. Importantly, esophageal sensitivity
varies from one individual to another and abnormal
acid exposure is not always associated with GERD
[17]
symptoms . This may be of major importance when
explaining the variability of results reporting on SG and
GERD (Table 1).

Mechanisms involved in de novo GERD after a LSG

Table 1 summarizes the mechanisms involved in de
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Four mains principles seem to explain the improvement
of GERD after a SG (Table 1), the decrease in intraabdominal pressure due to weight loss, reduced acid
production related to resection of the acid-producing
[19,20]
gastric fundus, accelerated gastric emptying
, and
reduced gastric volume. These all contribute to the
diminution in gastric refluxate that putatively causes
GERD symptoms.

PUBLISHED RESULTS ON THE
INFLUENCE OF A SG ON GERD
Table 2 summarizes the data obtained from recent
literature, which suggest a negative influence of SG
on GERD. Thirteen studies included 5953 patients with
2
2
a mean BMI of 42 ± 4 kg/m (range: 37-55.5 kg/m )
and a mean follow up of 29 ± 22 mo (range: 3-72
mo). Of these studies, only one was a prospective
[21]
randomized study ; all the others were retrospective
[22-32]
studies reporting on prospectively collected data
.
GERD assessment was based on clinical evaluations
that included typical symptoms, such as heartburn,
with a few studies using Montreal’s criteria to define
GERD.
Most studies explored the patients preoperatively
using endoscopy; however, the use of esophageal
manometry, an upper-gastro-intestinal contrast study,
and 24-h pH/impedancemetry were inconsistently
reported between the studies. All patients, except for
[23]
those in the study by Arias et al , had preoperative
GERD. The data showed a high percentage of
persistent preoperative GERD, which occurred in up
to 84% of cases in the retrospective review of DuPree
[33]
et al , rather than a true worsening of symptoms.
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Table 2 Negative impact of sleeve gastrectomy on gastroesophageal reflux disease
Ref.

Nature of the study

Patients, n

Pre-operative
2
BMI (kg/m )

GERD evaluation

Follow-up
(mo)

GERD (%)
Preop

GERD (%)
Postop
De Novo
At 1 yr: 21.8%
At 3 yr: 3.1%
De novo: 2.1%
Increase

Himpens et al[21], 2006

Prospective
randomized: GB vs LSG

40

39

Clinical evaluation

36

-

Arias et al[23], 2009
Braghetto et al[25], 2010

130
167

43.2
37 ± 4.4

0
-

20
50
30
176

38.3
39.9
46.6

NA
Clinical score: EGD,
EM
Clinical score: EM
NA
Clinical evaluation

36
-

Braghetto et al[26], 2010
Lakdawala et al[27], 2010
Himpens et al[22], 2010
Carter et al[28], 2011

Retrospective review
Retrospective review,
and literature review
Retrospective review
Retrospective review
Retrospective review
Retrospective review

12
72
24

3.30%
34.60%

Howard et al[29], 2011

Retrospective review

28

55.5

8

7 (25%)

Soricelli et al[24], 2013

Retrospective review:
SG + HHR

378

44 ± 3.5

Clinical evaluation
UGICS
Clinical score: EGD,
UGICS, EM. 24-h pH

18

Clinical evaluation:
EGD, UGICS, EM
Demeester score: BM,
EGD, EM. 24-h pH

60

60/378
(15.8%)
SG: 19/281
(6.7%)
SG+HHR:
41/97 (42%)
50%

14

4 (29%)

47.6 ± 6.1

RDQ; EM. 24-h pH

3

14 (70%)
Acid
exposure: 4.1
%

47 ± 9

Clinical evaluation

36

44.50%

Sieber et al[30], 2014

Retrospective review

68

43 ± 8

Gorodner et al[31], 2014

14

40 ± 6

Burgerhart et al[32], 2014

Retrospective review.
Influence of LSG on
GERD
Prospective study

20

Dupree et al[33], 2014

Retrospective review

4832

Increase
Increase
23%
47.2%
33.8% (of total) under
medication
11 (39%)
De novo: 18%
71/ 378 (18.7%)
SG: 68 (24%)
SG+HHR: 3/97 (3.1%)
Persistance : 44.1%
De novo: 16%
9 (64%)

Persistance: 8 (57%)
No change: 2 (14%)
Worsening: 6 (43%)
De novo: 10%
Acid exposure: 12%
Persistence: 84.1%
De novo: 8.6%

Total: 13 studies
LSG: Laparoscopic sleeve gastrectomy; GERD: Gastroesophageal reflux disease; BM: Barium meal; EGD: Esophogastroduodenoscopy; EM: Esophageal
manometry; HHR: Hiatal hernia repair; UGICS: Upper gastrointestinal contrast study; NA: Not available; GB: Gastric banding; RDQ: Reflux-disease
questionnaire.

In that study, proton-pump inhibitors (PPIs) were
effective against the GERD symptoms.
[34]
Conversely, Sheppard et al
investigated the
incidence of GERD as defined by the use of PPIs
after SG and RYGBP in a retrospective series of 387
morbidly obese patients. These authors found that
GERD symptoms were significantly increased after
SG compared to a RYGB. Interestingly, SG patients
required more frequent PPI treatment, indicating the
occurrence of de novo GERD in these patients. De
novo GERD, which represents the negative impact
of this procedure, was found in 2.1%-21% of cases
[22]
described in Himpens et al ’s study. Only one study,
[24]
from Soricelli et al , compared the outcomes of SG
by differentiating patients with HH repair from those
who had no HH repair during the SG procedure.
The authors showed an overall higher postoperative
percentage of GERD; nevertheless, they observed a
significant decrease in GERD, from 42.1%-3.1% when
HH repair was added to the sleeve procedure. These
findings underlie the importance of HH and Hiss repair
on postoperative GERD independently of the weight-
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loss effect on GERD.
Table 3 summarizes the studies that reported
a favorable impact of SG on GERD. Twelve studies
included 1863 patients with a mean BMI of 51 ± 13
2
2
kg/m (range: 36.5-65 kg/m ) and a mean follow-up
[19,20,35-44]
of 20 ± 15 mo (range: 6-60 mo)
. In these
12 studies, GERD assessment was always based
on clinical evaluation without a direct systematic
link to the Montreal criteria or the various clinical
symptoms. Half of these studies did not include
endoscopic assessment, two had data for 24-h
pH/impedancemetry, two reported on esophageal
manometry, and two had results from a barium meal
as the preoperative assessment. All these patients had
preoperative GERD.
[36]
Daes et al , in their prospective evaluation of
382 patients, showed a 94% resolution of symptoms
and emphasized the need for careful attention to
surgical technique, such as avoiding relative narrowing
at the junction between the vertical and horizontal
parts of the stomach, and the importance of placing
the anterior stomach wall and posterior stomach
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Table 3 Positive impact of a sleeve gastrectomy on gastroesophageal reflux disease
Nature of the
study

Patients, n

Pre-operative
2
BMI (kg/m )

GERD
evaluation

Follow-up
(mo)

GERD (%)
Preop

GERD (%)
Postop

Prospective study
Multicenter
prospective study
Prospective study: 3
groups
Retrospective review
and analysis
Concurrent cohort
study
Retrospective study

14
163

49.5
45.9

CA
NA

24
24

2 (14%)
10 (6.1%)

1 (7%)
6 (3.6%)

37

50.5 and 47.5

CA; EM

NA

NA

185

49.0

CA; EGD

6

NA

134

39.0

CA; EGD

12

49.2%

LESP: 8.4 to 21.2 mmHg
may protect against GERD
Improvement: 46%
De novo: 3.2%
1.50%

55

65.0

CA; NA

60

27%

Retrospective
comparative
LSG vs LSG + HHR

180

LSG: 36.5

CA

13-18

LSG: 39.2 %

27%
53% resolution
16% de novo
LSG: 22.5%, de novo: 17.7%

78 LSG

LSG + HHR:
39.3

EGD

LSG + HHR:
38.4%

LSG+HHR: 43.3%, de novo:
22.9%

Sharma et al[19],
2014

Prospective study

102 LSG +
HHR
32

47.8

Rebecchi et al[20],
2014

Prospective study
A: PAE
B: NAE

71

44.3

GSAS
EGD
BM
EM
24-h pH

24

CDS: 2.88
SS: 2.28
RS: 6.25%
Esophagitis:
18.8%
A:
GSAS: 53.1
Demeester: 39.5
B:
Demeester: 11.9

Pallati et al[38],
2014

Prospective database

585

48.5

6

All patients
included

Del genio et al[44],
2014
Daes et al[36],
2014

Prospective database
Retrospective analysis
Prospective
evaluation

25

46.1

13

382

37.7

GERDsymptom
grading based
on medication
use
CA; HRiM,
MII-pH
CA
EGD

CDS: 1.63 (P < 0.05)
SS: 1.06 (P < 0.05)
RS: 78.1%(P < 0.001)
Esophagitis: 25%,
reduction of severity
A:
GSAS: 13.1
Demeester: 10.6
B:
Demeester: 12
de novo: 5.4%
Score improvement 41%
Worsening: 4.6 %
de novo: 9.2%

Patient excluded
if preop. GERD
44.5%

Ref.
Melissas et al[39], 2008
Nocca et al[40], 2008
Petersen et al[41], 2012
Chopra et al[42], 2012
Daes et al[35], 2012
Rawlins et al[43], 2013

Santonicola et al[37],
2013

If GERD:
dc - BM
CDS
GERD SS
EGD
RS

12

22

No de novo GERD
2.6%
94% resolution of
symptoms

Total: 12 studies
NA: Not available; CA: Clinical assessment; UGICS: Upper gastrointestinal contrast series; LSG: Laparoscopic sleeve gastrectomy; HHR: Hiatal hernia
repair; EGD: Esophogastroduodenoscopy; GERD: Gastroesophageal reflux disease; dc-BM: Double contrast after a barium meal; CDQ: Carlsson Dent Score;
GERD SS: GERD Symptom Score; RS: Radionuclide scintigraphy; GSAS: Gastroesophageal Reflux Disease Symptom Assessment Scale; EM: Esophageal
manometry; PAE: Pathologic acid exposure; NAE: Normal acid exposure; HRiM: High-resolution impedance manometry; MII-pH: Combined 24-H pHmultichannel intraluminal impedance; LESP: Lower esophageal sphincter pressure.

wall in an equal and flat position when firing the
stapler, in order to keep the sleeve from rolling and
spiraling. Interestingly, in the study of Santonicola
[37]
et al , despite a decrease in GERD from 39.2% to
22.5%, there was no difference between pre- and
postoperative symptoms after a SG that included or
did not include an HH repair. These results emphasize
the complex relationship between the mechanisms
leading to the occurrence of GERD symptoms and the
secondary improvements after weight loss and surgical
repair, which increase factors such as the HH. Lastly,
[38]
a prospective database from Pallati et al , which
included 585 patients, showed a 41% improvement in
GERD symptoms, thus indicating that SG may also suit
obese patients suffering from GERD.
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MORBID OBESITY IN GERD CANDIDATES
FOR BARIATRIC SURGERY
Role of a diagnostic work-up (HH, LES dysfunction) and
intraoperative exploration

Resting LES pressure has been shown repeatedly to
be normal in obese individuals. However, contradictory
data exist on the gastroesophageal-pressure gradient.
GERD depends on the pressure gradient between
the stomach and esophagus. It has been shown that
patients with reflux disease have more acid reflux
during transient LES relaxation than normal subjects.
Transient LES relaxation and HH are both involved in
the mechanisms of GERD.
A preoperative diagnostic work-up is helpful when
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Table 4 Laparoscopic sleeve gastrectomy and hiatal hernia
repair
No change in
GERD

Improvement of GERD

Santonicola et
al[37], 2014

Cuenca-abente et al (case report, no MeSH) 2006
Parikh et al (case report, no MeSH) 2008
Korwar V et al (case report, biological MeSH) 2009
Valera et al (case report, MeSH) 2009
Merchant et al (case report, biologic MeSH) 2009
Soricelli et al[24,50] 2010 (mesh in 2 patients) and
2013 (no MeSH)
Soliman[58] (no mesh, except 2 patients with large HH)
2012
Kotak et al (case report, no MeSH) 2013
Gibson et al[59] (no mesh) 2013
Daes et al[35,36] (no MeSH) 2012 and 2013

GERD: Gastroesophageal reflux disease.

designing a surgical strategy; however, it has been welldemonstrated that the incidence of GERD symptoms
in obese subjects does not correlate well with the
[11]
[45]
severity of disease . Suter et al
found that 35.8%
of morbidly obese patients had symptoms of GERD, of
which 53% had HH and 31.4% had peptic esophagitis.
[46]
Wilson et al
showed that there was an association
between excess weight, HH, and reflux esophagitis,
thus underlying the need for preoperative exploration.
However, they also showed that the association
between symptoms and disease was poor, with 51% of
symptomatic patients not having esophagitis, and 23%
of patients with esophagitis not having symptoms.
Furthermore, studying LES dysfunction may not accu
[47]
rately predict GERD symptoms , and the incidence of
HH is often underestimated by upper gastrointestinal
endoscopy and/or a barium meal, which are the
procedures currently used by most physicians as the
preoperative work-up for morbidly obese patients who
are candidates for bariatric surgery. For this reason,
some authors suggest the need to assess hiatal
[48,49]
crura peroperatively for the presence of a HH
.
[50]
Indeed, Soricelli et al
showed that “fingerprint”
indentation of the diaphragm, just above esophageal
emergence, is correlated with the presence of a crural
defect. Interestingly, the same author reported that
systematic repair of a HH diagnosed at the time of
surgical exploration could effectively eliminate de novo
[24]
GERD after SG .

PROCEDURES USED IN MORBIDLY
OBESE PATIENTS WITH GERD AND/
OR HH AND UNDERGOING BARIATRIC
SURGERY (RYGBP, LSG + HH FIXATION,
WITH OR WITHOUT A MESH)
RYGB

A RYGB is considered the most effective bariatric

WJG|www.wjgnet.com

procedure for GERD symptoms as it limits acid production
into the small gastric pouch and reduces esophageal
reflux because of the Roux-en Y anatomy, which also
retains the physical activity of the esophagus and
[51]
gastric pouch within the abdomen . Several studies
have confirmed that a RYGBP decreases exposure of
[52-54]
acid to the esophagus
.
[51]
Kim et al
showed that conversion of a failed
Nissen fundoplication to a RYGB resulted in excellent
[54]
control of symptoms. Accordingly, Mion et al
and
[55]
Madalosso et al
found similar results for a RYGP for
[56]
GERD. Lastly, De Groot et al
compared RYGBP with
restrictive procedures, such as gastric banding and
vertical-banded gastroplasty, and found better control
of symptoms associated with a RYGP. In this study, no
data were available for SG as it is a relatively recent
procedure.
The role of HH repair appears to be a main concern
for some authors at the time of bariatric surgery.
Although the need for systematic repair of the crura
has only been partially studied for patients undergoing
[57]
a RYGB
this has been more widely investigated in
SG surgery.

LSG + HH repair

Studies regarding the outcomes between laparoscopic
sleeve gastrectomy (LSG) and HH repair are summa
[37]
rized in Table 4. Santonicola et al
showed no
improvement of GERD symptoms after concomitant
SG and HH repair. Moreover, after bariatric surgery,
SG patients with a concomitant HH repair had a
significantly higher frequency of heartburn than
patients who underwent a LSG alone. In contrast,
[24]
Soricelli et al
reported significant improvement of
GERD symptoms after a SG with concomitant HH
repair. They described repair of a posterior crura
defect with two interrupted non-absorbable sutures,
approximating to the right and left diaphragmatic
pillars. HH repair was shown to be feasible and safe
with no postoperative complications related to this
procedure. The authors suggested that approaching
the diaphragmatic crus from the left reduced damage
to the anterior vascularization of the esogastric
junction, which, if it was impaired, could be involved
in the development of staple-line leaks after a SG.
Furthermore, exposure of the hiatal area to the
presence of a HH implies complete freeing of the
posterior stomach wall and facilitates complete
resection of the gastric fundus. This in turn is of great
importance for the success of a SG in terms of weight
loss but also avoids de novo GERD caused by acid
secretion and regurgitation of the persistent gastric
fundus content into the esophagus. In addition,
the postoperative development of de novo reflux
symptoms was significantly greater in patients who
underwent a SG without an HH repair compared to
those with an HH repair (22.9% vs 0%, P = 0.01).
However, the follow-up for this study was short (12
mo) and midterm results (at the least) are needed
before concluding on the role of HH repair.
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[58]

Soliman reported favorable results in 20 patients
who had concomitant SG and a posterior crural repair.
Interestingly, two of the patients with a large HH (>
5 cm) had a polypropylene mesh repair. Thirteen
patients reported resolution of GERD symptoms and
five reported improvement leading to minimal doses of
PPIs at a mean follow-up of 7 mo.
[59]
Gibson et al
analyzed the results of SG and
HH repair in 500 patients. Interestingly, an anterior
repair was performed in 265 patients and a posterior
repair in 30 patients. The prevalence of GERD was
reduced from 45% preoperatively to 6% (n = 30)
postoperatively, and postoperative GERD was well
controlled in all patients with PPI therapy.
[35]
Daes et al
2012 found that concomitant SG
and HH repair in 34 of 134 patients undergoing SG
resulted in resolution of GERD symptoms in 94%
of patients after a mean follow-up of 12 mo. The
[36]
same author
reported on simultaneous SG and
HH repair in 142 patients out of 382 undergoing SG,
and found that only 8 patients (5.6%) suffered with
GERD postoperatively. Of the remaining 240 patients,
who did not have a HH intra-operatively, only two
developed GERD postoperatively. These data underline
the importance of intraoperative exploration of the
crural region to detect the presence of a HH, which is
often missed at preoperative imaging and endoscopy.
The use of a mesh in HH repair has been described
[60,61]
and advocated by authors in non-obese patient
.
[62]
Silecchia et al
studied the use of absorbable mesh
fixed with a non-permanent device in 43 obese
patients. Remission of GERD symptoms was observed
in 90% of patients, and there were no mesh-related
complications at a mean follow up of 17.4 mo; they
also reported a 2.3% recurrence rate.

GERD COMPLICATIONS WITH A LSG
The issue of revisional bariatric surgery has been
widely reported in the literature regarding GERD,
[63,64]
weight-loss failure, or recurrence
. Although
a RYGBP is the procedure of choice when GERD
complicates SG, some considerations should be given
before directly converting from a SG to a RYGBP.
[64]
Cheung et al
reported the results from revisional
surgery after a SG (Re-SG and RYGBP) and found that
both procedures were effective in achieving weight loss
following a failed LSG. As weight loss may influence
GERD symptoms, a Re-SG may also work as an
[65]
effective tool to reduce GERD. Indeed, Silecchia et al
reported on the safety and efficacy of Re-SG (referred
to by the authors as laparoscopic fundectomy) in cases
where a residual fundus or neofundus is responsible
for GERD symptoms. A Re-SG was done in 19 patients
when a residual fundus or neofundus was found in
patients with severe GERD symptoms. Of note is that
cruroplasty was concomitantly done when a HH was
found in this series. All patients had improved GERD
symptoms and discontinued PPIs.
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[66]

Noel et al
evaluated 36 patients (34 women and
2 men, mean age 41.3 years, with a BMI of 39.9) after
a Re-SG to correct weight-loss failure and intractable
severe GERD, related to pouch dilatation, occurring
after a primary LSG. The mean interval of time from a
primary SG to a ReSG was 34.5 mo (range: 9-67 mo).
The ReSG was effective against GERD symptoms in
the short term in this series.
HH is not only responsible for GERD but contributes
to the incomplete removal of the gastric fundus,
which is often missed at the time of a SG. The
latter is responsible for acid secretion, which is then
regurgitated back into the esophagus, especially if
there are other factors such as a HH or an impaired
LES, and if increased transient relaxation is present.
Thus, Re-SG may be an option for patients with a
persistent gastric fundus and or a HH responsible
for GERD that is non-responsive to PPIs. However,
this procedure should remain limited to patients in
whom a relationship between GERD and a persistent
gastric fundus is clear, and should be conducted by
a specialized bariatric surgeon. If a HH is present, it
should be fixed during the same procedure.

FUTURE DIRECTIONS
SG has become a very popular bariatric procedure in
less than a decade because of its several advantages
compared to more complicated procedures, including
avoiding an intestinal bypass. However, SG as a
surgical technique, although straightforward and less
technically demanding, implies modification of some of
the anatomical antireflux mechanisms. Furthermore,
the presence of other factors, such as a HH or an
impaired LES, may lead to the appearance of de novo
GERD or aggravate a preexisting GERD. Although
the extent of this problem is not known because the
long-term results for SG beyond 10 years are not yet
published, the potential consequences of an increased
rate of GERD in the obese is alarming. Indeed, a body
of literature shows that both obesity and GERD are
responsible for the increased rate of adenocarcinoma
[67]
of the cardias . Given the number of SGs done
annually worldwide this problem should be carefully
addressed.
Further randomized studies should address the
problem of HH repair in candidates for a SG; the need
to diagnose eventual dysfunction of the LES may
contraindicate a SG, and thus the extent of a gastric
antrum resection. When patients develop GERD after
a SG resistant to PPI, a RYGBP remains the operation
of choice, whereas some patients with residual fundus
after a SG may be suitable candidates for a redo
fundectomy or a Re-SG.
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Abstract
AIM: To investigate the association between tumor
protein 53 (TP53 ) codon 72 polymorphisms and the risk
for inflammatory bowel disease (IBD) development.
METHODS: Numerous genetic and epigenetic drivers
have been identified for IBD including the TP53 gene.
Pathogenic mutations in TP53 gene have only been
reported in 50% of colorectal cancer (CRC) patients.
A single nucleotide polymorphism (SNP) in the TP53
gene resulting in the presence of either arginine (Arg)
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or proline (Pro) or both at codon 72 was shown to alter
TP53 tumor-suppressor properties. This SNP has been
investigated as a risk factor for numerous cancers,
including CRC. In this study we analyzed TP53 codon
72 polymorphism distribution in 461 IBD, 181 primary
sclerosing cholangitis patients and 62 healthy controls.
Genotyping of TP53 was performed by sequencing and
restriction fragment length polymorphism analysis of
genomic DNA extracted from peripheral blood.
RESULTS: The most frequent TP53 genotype in IBD
patients was Arg/Arg occurring in 54%-64% of cases
(and in only 32% of controls). Arg/Pro was the most
prevalent genotype in controls (53%) and less common
in patients (31%-40%). Pro/Pro frequency was not
significantly different between controls and IBD
patients.
CONCLUSION: The data suggests that the TP53
codon 72 Arg/Arg genotype is associated with increased
risk for IBD development.
Key words: Inflammatory bowel disease; Colorectal
cancer; 72 codon single nucleotide polymorphism;
Tumor protein 53; rs1042522
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tumor protein 53 (TP53 ) codon 72 poly
morphism distribution was analyzed by RFLP in 461
inflammatory bowel disease (IBD), 181 primary
sclerosing cholangitis patents and in 62 healthy
controls. The data suggests that the TP53 codon 72
Arg/Arg genotype is associated with increased risk for
IBD development.
Volodko N, Salla M, Eksteen B, Fedorak RN, Huynh HQ, Baksh
S. TP53 codon 72 Arg/Arg polymorphism is associated with a
higher risk for inflammatory bowel disease development. World J
Gastroenterol 2015; 21(36): 10358-10366 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i36/10358.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i36.10358

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic
intestinal disease characterized by gastrointestinal
(GI) inflammation resulting in abdominal pain, chronic
[1]
diarrhea and weight loss . It is highly prevalent across
the world with North America having the highest
[2]
frequency of people suffering from Crohn’s disease
(CD, a subtype of IBD). Moreover, about 129000
[2]
Canadians suffer from Crohn’s disease with Alberta
having the highest per capita increase within Canada.
Chronic inflammation is associated with malignancy
and the early onset of IBD increases the risk of
colorectal cancer (CRC) later in life. In fact, for every
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10 years with IBD, colorectal cancer risk increases
[3]
by 5% . Studies have shown that the risk of IBD
progressing to CRC in less than 20 years once IBD
[4,5]
diagnosis is made is about 10%-20% . The incidence
of CRC in IBD patients is six times higher than that of
the healthy population, with CRC accounting for about
[6]
15% of IBD related deaths . IBD subtypes include
ulcerative colitis (UC) and CD. The simultaneous
occurrence of primary sclerosing cholangitis (PSC,
defined as inflammation and subsequent obstruction of
bile ducts both inside and outside of the liver) and UC
was reported to increase chances of developing CRC
[7,8]
by up to 25% in 10 years .
Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in Canada with 24400 Canadians
diagnosed with colorectal cancer and 9300 expected
[9]
to die from it in 2014 . The sporadic form of CRC and
IBD-related CRC have very few clinical differences,
however a two fold higher rate of mortality is reported
[10,11]
in the later form
. In the four step pathway to CRC
[12]
tumorigonesis , TP53 inactivation usually occurs
at a later stage leading to the transition into a
carcinoma and represents a major driver event in
[12]
CRC . The TP53 tumor suppressor gene, located at
17p13, encodes a transcription factor that regulates
expression of genes involved in numerous biological
processes, such as cell cycle control, DNA repair,
[13]
apoptosis . Mutations in the TP53 gene have been
reported in 50% of CRC cases that mainly lead to the
[14]
loss of transcriptional control . Mutations in the TP53
gene affect mainly five “hotspot” amino acid positions:
175, 245, 248, 273 and 282.
Over 200 single nucleotide polymorphism (SNP)s
[15]
have been identified in the TP53 gene . The most
studied is codon 72 polymorphism (rs1042522)
72
encoding either arginine (CGC, Arg) or proline (CCC,
72
Pro). Codon 72 encodes an amino acid located in
the proline rich region of TP53 (amino acids 64-92)
whereby the proline constitutes one of the five PxxP
motifs important for interactions with proteins involved
[16]
in apoptosis and growth suppression . Arg has never
[17]
been found in primates other than human therefore
Pro is considered the ancestral allele. The Pro allele
was found to be more frequent in Africa as Arg is
most prevalent in Europe suggesting that selection
[18]
(most possibly UV and winter temperatures ) act on
TP53 creating a latitudinal allele frequency gradient.
Therefore, codon 72 polymorphisms will have an effect
on TP53 function.
The two resulting TP53 polymorphisms (encoded
by codon 72) differ in their biological and biochemical
[16,19,20]
properties, such as electrophoretic mobility
,
[21-23]
subcellular localization
, ability to induce
[16,24,25]
apoptosis
, ability to suppress transformed cell
[16]
[26,27]
growth , susceptibility to HPV E6 degradation
[16,20,28,29]
and transcriptional activation
. Please see Table
1 for a summary of the biological properties of TP53
72
72
Arg vs Pro TP53. Furthermore, the frequency of
either allele (Arg or Pro) is highly affected by ethnicity.
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Table 1 Summary of biological and biochemical differences between

Arg and
72

72

Pro TP53 isoforms

Arg vs

Property

72

Pro TP53

72

Arg migrates slightly faster on SDS[16,19,20]
72
Arg is cytoplasmic/mitochondrial possibly through interaction with CD2AP/Cin85 adaptor protein
family[21] or with mitochondrial (mt) polymerase gamma, which may also promote mtDNA repair[22,23]
72
Pro is predominantly nuclear[21,24]
72
Apoptosis induction
Arg is a stronger apoptosis inducer[24], with faster kinetics of cell death[16] possibly through more efficient
inhibition of 72Pro by iASPP[25] or preferential localization of 72Arg to mitochondria and induction of
apoptosis through a transcriptionally independent pathway[24]
72
Suppression of transformed cell growth
Arg is two times more active in suppressing colony formation[16]
72
Susceptibility to HPV E6 degradation
Arg is more susceptible to degradation[26,27]
72
Transcription activation
Arg associates and inactivates p73 more efficiently[20], thus inhibiting apoptosis
72
Pro is a stronger inducer of transcription and it has more affinity to TAFII32 and TAFII70[16]
Leukemia inhibitory factor transactivation 72Arg is more active towards this function[28,29], which may be advantageous in cold climates due to increased
fertility[18]
Electrophoretic mobility
Subcellular localization

One study reported that the frequency of the proline
allele increased from 17% in Swedish Saamis to
[30]
63% in Nigerian African Blacks . This dictates the
importance of comparing patients and controls of
the same ethnic group in codon 72 polymorphism
association studies.
The association between the 72 codon poly
morphism and cancer risk has been studied extensively
[31-40]
for many cancers, including CRC
. With only two
papers studying association of 72 codon polymorphism
[36,41]
and UC development
, there has been no studies
to associate codon 72 polymorphism with CD and PSC
susceptibility. The purpose of this study is to investigate
a possible link between the 72 codon polymorphism
(rs1042522) and the risks of developing IBD and thus
IBD-induced colorectal cancer.

MATERIALS AND METHODS
Cases and controls

DNA extraction

Genomic DNA was extracted from peripheral blood
collected by venous puncture. Blood was collected
into PAXgene Blood DNA Tubes (QIAGEN, Country of
Origin, Germany) and kept in a fridge at +4  ℃ until
DNA extraction (1-2 d). DNA was extracted using
PAXgene Blood DNA Kit (QIAGEN, Country of Origin,
Germany) according to the manufacturer’s instructions.
Polymerase chain reaction-restriction fragment length
polymorphisms (PCR-RFLP) analysis of codon 72 was
used to identify TP53 genotypes.

Polymerase chain reaction

Blood samples were collected at University of Alberta
Adult and Pediatric Gastroenterology Clinics for IBD
patients and at the University of Calgary for PSC and
PSC/UC patients. The non-IBD control group was
composed of 62 healthy blood donors from the same
geographical region with no prior history of irritable
bowel syndrome (IBS), IBD or cancer. The study was
approved by the human ethics research board under
the protocol No. Pro00001523 (study No. RES1598)
and informed consent was obtained from all patients
and controls before samples were analyzed. The
diagnosis of IBD patients for this study was based
on clinical, endoscopic and pathology findings as well
as imaging findings on magnetic resonance or CT
enterography for small bowel disease. Video capsule
endoscopy was used to assess the small bowel in
those with suspected IBD but have equivocal findings
on endoscopy and imaging. Infectious causes were
screen for and excluded. All pediatric patients were
also screened for tuberculosis. In those under the
age of 7, common immunodeficiency syndromes
such as common immune variable deficiency, chronic
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granulomatous disease and mutations in IL-10
signalling pathway were screened for and excluded.
The diagnosis of PSC was made on the basis of
raised serum alkaline phosphatase levels and typical
[42]
cholangiographic finding on ERC or MRC .

The forward primer used was P329 5’-tgctct
tttcacccatctac-3’, and the reverse primer was
P330 5’-atacggccaggcattgaagt-3’ (IARK protocol,
[43]
2010 update) . Each PCR reaction contained 1 x
®
OneTaq Standard Reaction Buffer (NEB), 0.3 µmol/L
each primer, 3 µmol/L of each dNTP, 100 ng genomic
®
DNA, 0.1U OneTaq Hot Start DNA Polymerase (NEB)
in a final volume of 8 µL. The PCR conditions were as
follows: denaturation at 94 ℃ for 4 min, followed by
amplification for 40 cycles at 94 ℃ for 30 s, at 56 ℃ for
15 s, 68 ℃ for 40 s, with final extension at 68 ℃ for 10
min. The PCR products were checked on an agarose
gel first 3 times and PCR appeared to work robustly, so
for the rest of the analysis gel electrophoresis of PCR
products was omitted.

RFLP analysis

Eight microlitres of PCR product was digested with 2
U of BstuI at 60 ℃ for at least 4 h. DNA fragments
were run on a 2% agarose gel stained with ethidium
bromide. The Arg allele was cleaved by BstUI, yielding
two fragments 213 and 140 bp. The Pro allele was
not cleaved by BstUI and had a single 353 bp band.
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Arg/Arg

Arg/Pro

Pro/Pro

Figure 1 Polymerase chain reaction-restriction fragment length polymorphisms analysis. A: A representative analysis of the polymerase chain reaction (PCR)
product. The product corresponded to TP53 with a single band at 353; B: The PCR-restriction fragment length polymorphisms (PCR-RFLP) analysis and sequencing
results of TP53 codon 72 polymorphism. The Pro allele was not cleaved by BstUI and had a single 353 bp band (lanes 1 and 2). The Arg allele was cleaved by BstUI,
yielding two fragments 213 and 140 bp (lanes 5 and 7). Heterozygotes contained all three bands (lanes 3, 4 and 6). RFLP results were confirmed by direct sequencing
of 100 randomly selected samples. M: Molecular weight marker.

Table 2 Allele frequencies of TP53
in cases and controls n (%)
Patients/Controls
Cases (n = 642):
UC Adult (n = 151)
CD Adult (n = 138)
UC Pediatric (n = 78)
CD Pediatric (n = 94)
PSC (n = 42)
PSC + UC (n = 139)
Controls (n = 62)

methods of this study were reviewed by Sung Hyun
Kang from Biostatistics Service Core of Women and
Children’s Health Research Institute at the University
of Alberta.

72

Arg/Pro polymorphism

P value1

Allele
Arg

Pro

974 (75.9)
222 (73.5)
210 (76.1)
118 (75.6)
145 (77.1)
67 (79.8)
212 (76.3)
73 (58.9)

310 (24.1)
80 (26.5)
66 (23.9)
38 (24.4)
43 (22.9)
17 (20.2)
66 (23.7)
51 (41.1)

< 0.0001
0.0029
0.0005
0.0028
0.0006
0.0016
0.0004

RESULTS

1

P value calculated by χ 2 test for comparison of patient groups with
controls.

Heterozygotes contained all three bands (Figure 1).
RFLP results were confirmed by direct sequencing
of 100 randomly chosen samples. DNA templates
were amplified with P329 and P330 primers using
the reaction settings described in PCR section. PCR
products with sequencing P329 primer were then sent
to McGill University and Génome Québec Innovation
Centre Facility for Sanger sequencing.

Statistical analysis
2

The χ test was applied to identify the deviations from
the Hardy-Weinberg proportion. Odds ratios (ORs) and
their 95% confidence intervals (CIs) were calculated
using logistic regression method. The statistical
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In this study we investigated the association between
TP53 codon 72 polymorphism and susceptibility to
IBD. The allele and genotype frequencies of TP53 are
summarized in Tables 2, 3 and Figure 2.The observed
genotype frequencies did not deviate significantly
from the Hardy-Weinberg equilibrium (P = 0.6543 for
cases; P = 0.2856 for controls). We found that the
allele distribution differed significantly between cases
and controls. In particular, the frequencies of Arg and
Pro alleles were 75.9% and 24.1% in IBD patients vs
2
58.9% and 41.1% in healthy controls (P < 0.0001, χ
test, Table 2). This suggests that the TP53 codon 72
polymorphism may serve as a predisposing factor for
IBD development.
The genotype for TP53 72 Arg/Arg tended to
predominate in all patient groups compared to
controls. In control samples utilized in this study, the
genotype distribution for TP53 polymorphism revealed
32.3%, 53.2% and 14.5% for Arg/Arg, Arg/Pro and
Pro/Pro genotypes, respectively. Allelic frequencies
corresponded to 0.59 for the arginine and 0.41 for
the proline allele (Tables 2 and 3). On the other hand,
56.9% of all cases were Arg/Arg, 38% were Arg/Pro
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Table 3 Genotype frequencies of TP53 polymorphism in cases and controls
Genotype, % (n )

Patients/controls
Cases (n = 642):
UC adult (n = 151)
CD adult (n = 138)
UC pediatric (n = 78)
CD pediatric (n = 94)
PSC (n = 42)
PSC + UC (n = 139)
Controls (n = 62)

OR

Arg/Arg

Arg/Pro

Pro/Pro

56.9 (365)
54.3 (82)
55.8 (77)
55.1 (43)
59.6 (56)
64.3 (27)
57.6 (80)
32.3 (20)

38.0 (244)
38.4 (58)
40.6 (56)
41.0 (32)
35.1 (33)
31.0 (13)
37.4 (52)
53.2 (33)

5.1 (33)
7.3 (11)
3.6 (5)
3.8 (3)
5.3 (5)
4.8 (2)
5.0 (7)
14.5 (9)

1

2.77
2.50
2.65
2.58
3.09
3.78
2.85

95%CI

P value

1.59-4.82
1.34-4.65
1.41-4.98
1.29-5.17
1.58-6.07
1.66-8.63
1.52-5.35

0.0001
0.0102
0.0011
0.0078
0.0023
0.0046
0.0016

1

OR is calculated for Arg/Arg vs Arg/Arg + Pro/Pro. CD: Crohn’s disease; UC: Ulcerative colitis; PSC: Primary sclerosing cholangitis.
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Figure 2 TP53 72Arg/Pro polymorphism distribution in adult and pediatric inflammatory bowel disease, primary sclerosing cholangitis (PSC), PSC/
ulcerative colitis (UC) and healthy non- inflammatory bowel disease (IBD) controls. TP53 72Arg homozygosity is strongly associated with the development of
IBD. Please find P values and ORs in Table 2.

and 5.1% were Pro/Pro. The arginine allelic frequency
was 0.76 and the proline allele frequency was 0.24.
Significant differences between cases and controls
were found for the Arg/Arg genotype compared
with grouped Arg/Pro and Pro/Pro genotypes (Table
3). Pediatric and adult IBD patients did not show
statistically significant differences for the presence of
TP53 SNPs. To our knowledge 72 codon polymorphism
distribution has never been studied in PSC patients.
Our results indicate that PSC had higher Arg/Arg
percentage compared to IBD groups, but it may be
due to a small sample size effect (n = 42).

DISCUSSION
The healthy population utilized in this study was
mainly composed of Caucasian individuals of Eastern
European origin form the Edmonton area and Northern
Alberta. Surprisingly, the TP53 codon 72 genotype
distribution found in our healthy controls was different
from the genotype distribution observed in controls
in Europe (Slovac Republic, Sweden, Italy, Germany,
for references please see Figure 3). Patients from
Greece had TP53 72 codon polymorphism distribution
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most similar to our healthy controls. These data
demonstrate the importance of careful selection of
controls for genetic understanding of disease states.
Although these differences were observed, we have
used the controls within our geographic zone for the
purpose of this study.
Several published articles have provided evidence
that TP53 polymorphism at codon 72 may be
associated with tumor development, although results
are varied. Consistent with our results, it was shown
72
that Arg is associated with higher CRC risk in
[31]
[32]
[33]
[34]
Argentina , Greece , Germany
and Iran . On
72
the contrary, Pro has been detected as an indicator
[35]
[36]
of higher risk of CRC in Malaysia , Turkey , in
[37]
one ethnic Kashmiri population . At the same time,
[38]
[39]
studies conducted in Japan , Korea
and United
[40]
States
failed to link 72 polymorphism to CRC
development. The varied nature of these findings could
be explained by the differences in ethnic distribution of
72 codon alleles through the world. Is has been shown
72
that Arg frequency increases from south to north and
even then, the 72 codon polymorphism distribution
can differ substantially between the neighboring
countries (Figure 3).
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Figure 3 TP53 72Arg/Pro polymorphism distribution in non-inflammatory bowel disease controls in different countries and comparison to controls utilized
in this study (mainly of Eastern European descent). References for indicated bar graphs: Slovak Republic[55], Sweden[30]; Italy[41], Germany[33], Greece[32], Turkey[36],
Caucasians/United States[40], Pakistan[56], India[57], Iran[34], China[58], Japan[38], Malaysia[35], South Korea[39], Brazil[59], Argentina[31].

To our knowledge, no studies have been done
so far on 72 codon polymorphism distribution in the
CD or PSC populations although two articles have
explored 72 codon polymorphism in UC. The first,
an Italian study, failed to reveal an association of 72
codon polymorphism with UC development; however,
72
Pro homozygosity was associated with chronic
[41]
UC and family history of CRC . The other study
72
was conducted in Turkey and Pro was found to be
[36]
associated with moderate risk of UC .
Our results indicate that IBD and PSC patients have
significantly different TP53 codon 72 polymorphism
72
distribution, suggesting that the Arg allele may
predispose individuals to IBD development and an
increased levels of apoptosis in the colonic area. This
may lead to apoptotic degradation of the intestinal
epithelial cell leading to the impairment of gut barrier [44]
a prominent feature in IBD patients . This increased
72
ability of Arg allele to induce apoptosis (please see
Table 1 for other isoform’s differences) may partially
explain why Arg/Arg genotype is more abundant in
IBD group compared to controls. Additionally, it was
72
shown that Arg genotype carriers have increased
risk of TP53 mutations potentially leading to further
[33,45]
imbalances and cancer development
. Thus, if
72
72
differences between Arg and Pro carriers progress
through IBD to cancer development are confirmed in
long-term studies, it could be useful for IBD related
cancer development prediction and better screening of
72
Arg carriers.
In addition to other factors predisposing to IBD,
there is accumulating evidence that epigenetic
changes, such as DNA methylation and histone
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modifications also play a role in the pathogenesis of
[46-49]
IBD (please see following reviews for references
).
One of the histone acetyltransferase-containing
domain transcription co-activators, p300/CBP1,
acetylates histones making DNA more accessible
to transcription machinery after being recruited by
sequence-specific DNA binding transcription factors,
[50]
such as TP53 . It was shown that proline-rich domain
of TP53 influences the extent of interaction between
TP53 and p300/CBP and, subsequently, histone
[51]
acetylation and the promoter accessibility . It is
tempting to speculate that p300/CBP can discriminate
TP53 isoforms and associate with them differently
in a similar way as CD2AP/Cin85 adaptor protein
[21]
family does . This differential association could lead
to differential epigenetic silencing of target genes.
One of such candidate target genes is the tumor
suppressor RASSF1A (Ras association domain family
1A). It was demonstrated that RASSF1A promoter
has a TP53 binding site and TP53 is able to bind
to the RASSF1A promoter and inhibit RASSF1A
[52]
expression . It would be interesting to study if 72
codon polymorphism can influence this TP53 function
to repress RASSF1A expression. Interestingly, it was
shown that RASSF1A epigenetic silencing has a role in
[53]
cancer development (for a recent review please see )
and we demonstrated recently that RASSF1A plays
a role in controlling inflammation in dextran sodium
sulphate (DSS)-induced colitis in mice, a well-known
[54]
model for IBD .
In conclusion, our data indicate 72 Arg/Arg
TP53 genotype may predispose individuals to IBD
development possibly through increased efficiency
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of apoptosis induction. The increased risk of CRC
development could also be explained by increased
72
rate of TP53 mutations in patients carrying Arg
[33,45]
genotypes
. However, more studies are needed
to confirm the clinical significance of this polymor
phism and better understand the effect of 72 codon
polymorphism on IBD development.
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Abstract
AIM: To evaluate the efficacy of ursodeoxycholic acid
(UDCA) as a chemotherapeutic agent for the treatment
of hepatocellular carcinoma (HCC).
METHODS: BALB/c nude mice were randomized into
four groups 24 h before subcutaneous injection of
hepatocarcinoma BEL7402 cells suspended in phosphate
buffered saline (PBS) into the right flank. The control
group (n = 10) was fed a standard diet while treatment
groups (n = 10 each) were fed a standard daily diet
supplemented with different concentrations of UDCA
(30, 50 and 70 mg/kg per day) for 21 d. Tumor growth
was measured once each week, and tumor volume (V)
was calculated with the following equation: V = (L ×
2
W ) × 0.52, where L is the length and W is the width of
the xenograft. After 21 d, mice were killed under ether
anesthesia, and tumors were excised and weighed.
Apoptosis was evaluated through detection of DNA
fragmentation with gel electrophoresis and the terminal
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deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling (TUNEL) assay. Western blot analysis was
performed to determine the expression of apoptosisrelated proteins BAX, BCL2, APAF1, cleaved caspase-9,
and cleaved caspase-3.
RESULTS: UDCA suppressed tumor growth relative to
controls. The mean tumor volumes were the following:
3
control, 1090 ± 89 mm ; 30 mg/kg per day, 612 ± 46
3
3
mm ; 50 mg/kg per day, 563 ± 38 mm ; and 70 mg/kg
3
per day, 221 ± 26 mm . Decreased tumor volumes
reached statistical significance relative to control
xenografts (30 mg/kg per day, P < 0.05; 50 mg/kg per
day, P < 0.05; 70 mg/kg per day, P < 0.01). Increasing
concentrations of UDCA led to increased DNA
fragmentation observed on gel electrophoresis and in
the TUNEL assay (control, 1.6% ± 0.3%; 30 mg/kg per
day, 2.9% ± 0.5%; 50 mg/kg per day, 3.15% ± 0.7%,
and 70 mg/kg per day, 4.86% ± 0.9%). Western blot
analysis revealed increased expression of BAX, APAF1,
cleaved-caspase-9 and cleaved-caspase-3 proteins,
which induce apoptosis, but decreased expression
of BCL2 protein, which is an inhibitor of apoptosis,
following administration of UDCA.
CONCLUSION: UDCA suppresses growth of BEL7402
hepatocellular carcinoma cells in vivo , in part through
apoptosis induction, and is thus a candidate for
therapeutic treatment of HCC.
Key words: Hepatocellular carcinoma; Inhibitory
effects; Mechanisms; Ursodeoxycholic acid; Xenografts
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) ranks
as the sixth most common cancer worldwide.
Prognosis of HCC patients remains poor, however,
due to the lack of effective therapies. In this study,
ursodeoxycholic acid (UDCA) was investigated as a
potential chemotherapeutic agent in a mouse model
of HCC. Tumor growth was inhibited by increasing
concentrations of UDCA over a 21-d period, and the
effect was elicited through apoptosis. UDCA is thus
a candidate chemopreventive and chemotherapeutic
agent for HCC.
Liu H, Xu HW, Zhang YZ, Huang Y, Han GQ, Liang TJ, Wei
LL, Qin CY, Qin CK. Ursodeoxycholic acid induces apoptosis
in hepatocellular carcinoma xenografts in mice. World J
Gastroenterol 2015; 21(36): 10367-10374 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i36/10367.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i36.10367

INTRODUCTION
Worldwide, hepatocellular carcinoma (HCC) ranks as
the sixth most common cancer, with over half a million
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[1]

new cases diagnosed each year . HCC is particularly
prevalent in Asia, where it is the third leading cause for
[2,3]
cancer-related death . The incidence is even higher
[4]
in China , where HCC ranks as the second cause of
[5-7]
cancer-related death . Despite advances in surgical
and chemo-radiotherapies, the prognosis of HCC
patients remains poor. Thus it is crucial to develop new
therapeutic options for this disease.
A potential chemotherapeutic agent is ursode
oxycholic acid (UDCA), a metabolite produced by
intestinal bacteria, which is currently used in the
treatment of liver disease. It has been reported to have
a variety of therapeutic effects based upon its ability to
reduce oxidative stress. UDCA has also been shown to
lower biliary and serum concentrations of hydropholic
bile acids, as well as tumor necrosis factor-α in chronic
[8,9]
cholestasis
. Thus, UDCA appears to improve
[10,11]
symptoms of nonalcoholic steatohepatosis (NASH)
.
UDCA has been most successfully used for the
treatment of primary biliary cirrhosis, which is thought
[12]
to be mediated in part through immunosuppression .
In fact, the prognosis of primary biliary cirrhosis has
improved not only due to earlier detection of the
disease, but also to the increased use of UDCA for
[13]
treatment . Interestingly, while it has been reported
to have anti-apoptotic properties, recent studies have
demonstrated that UDCA reduced the frequency of
colonic carcinogenesis by inhibiting interleukin-1 beta
and deoxycholic acid-induced activation of NF-kappaB
[14]
and AP-1 . Furthermore, UDCA has been shown to
[15]
induce apoptosis of HCC cells in vitro . In our own
studies, we have previously demonstrated that UDCA
selectively inhibits proliferation and induces apoptosis
in the HCC cell lines, HepG2 and BEL7402, in vitro by
blocking the cell cycle and regulating the expression
of genes involved in programmed cell death, such as
[16]
BAX/BCL2 .
Although a number of studies have demonstrated
that UDCA inhibits cell proliferation and induces
apoptosis in various types of cancer cells in vitro, little
is known about the effect of UDCA on cancer cells
in vivo, in particular with regard to HCC. Here, the
efficacy of UDCA as a possible therapy was investigated
in a mouse model of HCC. The results demonstrated
that in BALB/c nude mice, UDCA suppressed the
growth of subcutaneously injected BEL7402 cells,
derived from a hepatocellular carcinoma, through the
induction of apoptosis.

MATERIALS AND METHODS
Ethics statement

All animal experiments were carried out under an
Institutional Animal Care and Use Committee-approved
protocol.

Cell culture

BEL7402 cells (Shanghai Institute of Cell Biology,
Chinese Academy of Sciences, Shanghai, China)
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were derived from a specimen obtained from a 53
year-old male patient with HCC in 1974. Cells were
maintained in DMEM (Life Technologies, Grand Island,
NY, United States) containing 10% fetal bovine serum
supplemented with penicillin (100 units/mL) and
streptomycin (100 µg/mL) and cultured at 37  ℃ in a
humidified chamber with 5% CO2.

BEL7402 xenografts in immunodeficient mice

Six-week-old male immunodeficient BALB/c mice (n
= 40) were obtained from the experimental animal
center of Shandong University (Shandong, China).
The animals were housed in sterile filter-capped
microisolator cages and provided with a sterilized
6
diet and water. HCC BEL7402 cells (1 × 10 /0.2 mL/
mouse) were suspended in phosphate buffered saline
(PBS) and injected subcutaneously into the right flank
of mice. Mice were randomized into four groups one
day before the injection of tumor cells. Group 1 (control,
n = 10) was fed a standard diet; Group 2 (n = 10),
a standard diet supplemented with UDCA (Sigma,
St. Louis, MO, United States) at 30 mg/kg per day;
Group 3 (n = 10), a standard diet supplemented with
UDCA at 50 mg/kg per day; and Group 4 (n = 10), a
standard diet supplemented with UDCA at 70 mg/kg
per day. Body weights of animals in each group were
measured before initiation of the experiment and after
21 d. Tumor growth was measured once each week
over the 21 d, and tumor volume (V) was calculated
2
as V = (L × W ) × 0.52, where L is the length and W
is the width of a xenograft. After 21 d, mice were killed
under ether anesthesia. The tumors were excised and
weighed. A portion of the tumor was snap-frozen for
protein analysis, and the remaining tissue was fixed
in phosphate buffered formalin to obtain sections for
histological analysis and immunohistochemistry.

DNA isolation and evaluation

DNA was isolated from homogenized tissues or cells
harvested and rinsed twice with ice-cold PBS. Samples
were treated with proteinase K (0.1 g/L; Sigma) in 0.3
mL of buffer containing Tris-HCl (10 mmol/L, pH 7.4),
EDTA (25 mmol/L), and SDS (0.5%) at 37 ℃ for 12 h.
DNA was extracted with an equal volume of phenol/
chloroform/isoamyl alcohol (25:24:1) and precipitated
in NaOAc (3 mol/L) and 2 volumes of ice-cold absolute
ethanol. The precipitated DNA was rinsed once with
70% ethanol, resolubilized in TE buffer (Tris-HCl 10
mmol/L and EDTA 1 mmol/L, pH 8.0), and incubated
with RNase I (10 g/L) for 1 h at 37 ℃. Genomic DNA (10
mg/well) and markers were run on 1.5% agarose gels
containing ethidium bromide (0.1 g/L) for 2 h at 60 V
and were visualized with ultraviolet light.

Detection of apoptotic cells in situ

Apoptotic cells were detected by terminal deoxy
nucleotidyl transferase-mediated dUTP-biotin nick end
labeling (TUNEL) using the ApoTag Plus Peroxidase
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in situ Apoptosis Detection Kit (Chemicon, Temecula,
CA, United States) according to the manufacturer’s
instructions. In brief, tissue sections were depara
ffinized, rehydrated through a graded alcohol series,
and rinsed in distilled water. The tissue sections
were incubated with proteinase K for 20 min at
room temperature and subsequently incubated with
terminal deoxynucleotidyl transferase (TdT) buffer
containing 0.3 U/L TdT (Life Technologies) and 0.04
nmol/L biotinylated dUTP (Boehringer Mannheim
GmbH, Mannheim, Germany) in a humidified chamber
for 1 h at 37 ℃. Slides were rinsed with PBS, and
signal was amplified with horseradish peroxidaseconjugated streptavidin. Sections were counterstained
with hematoxylin for 30 s. Cells undergoing apoptosis
contained dark brown staining nuclei, and the number
of TUNEL-positive cells was determined by analyzing
1000 cells in randomly selected fields of three sections
for each group. A section from rat mammary gland
provided by the manufacturer was used as a positive
control.

Western blot analysis

Xenograft tissue was lysed for 40 min on ice in buffer
containing 50 mmol/L NaCl, 0.5% Triton X-100,
50 mmol/L Tris-HCl (pH 7.4), 25 mmol/L NaF, 20
mmol/L EDTA, 1 mmol/L DTT, 1 mmol/L Na3VO4, and
protease inhibitors at a concentration of 10 mg/mL
(Roche, Mannheim, Germany). Protein lysates were
centrifuged at 14800 g for 15 min to remove cellular
debris. Supernatants were collected, and protein
concentrations were measured with the bicinchoninic
acid assay (BCA; Life Technologies). Protein (20 mg)
was loaded onto a 4% to 12% NuPAGE gel (Life
Technologies) and transferred onto a polyvinylidene
difluoride membrane following electrophoresis.
Membranes were blocked for 1 h with 5% nonfat dry
milk in PBS with 0.1% Tween 20 (PBST), incubated
with primary antibodies (cleaved caspase-3 and
cleaved caspase-9: Cell Signaling, Beverly, MA, United
States; anti-mouse BAX, anti-human BCL2, anti-human
APAF1, and anti-actin: Santa Cruz Biotechnology,
Dallas, TX, United States) in 5% bovine serum
albumin/0.1% PBST overnight at 4 ℃, rinsed three
times for 5 min each with PBST, and then incubated
with a horseradish peroxidase-conjugated secondary
antibody in 5% nonfat dry milk/PBST for 1 h at room
temperature. Blots were rinsed with PBST three times,
and transferred proteins were visualized with Super
Signal chemiluminescent substrate (Life Technologies).

Preparation of mitochondrial and cytosolic fractions and
localization of cytochrome c

Preparation of mitochondrial and cytosolic fractions
[11]
was performed as previously described . For isolation
of mitochondria, the tumor tissue was minced on
ice, resuspended in 10 mL of ice-cold Buffer A (200
mmol/L mannitol, 50 mmol/L sucrose, 10 mmol/L KCl,
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A 1200

with a Dounce homogenizer. Supernatants were
centrifuged at 14000 g for 15 min in a microcentrifuge.
The resulting supernatants were used for Western
blot analysis. For detection of cytochrome c, cytosolic
and mitochondrial proteins (20 mg) were separated
on SDS-PAGE, transferred to polyvinylidene difluoride
membrane, and incubated with anti-cytochrome c
antibody (Santa Cruz Biotechnology). β-actin (AC-15;
Sigma) was used as a cytoplasm-specific marker and
oxidative complex 1 protein (20C11; Life Technologies)
as a mitochondrion-specific marker.

Tumor volume curves over 21 d
UDCA (70 mg/kg)
UDCA (50 mg/kg)

1000
3

Tumor volume (mm )

UDCA (30 mg/kg)
Control

800
600
400
200
0

0

7

B 1200

t /d

14

Statistical analysis

21

SPSS version 11.0 (SPSS, Inc.; Chicago, IL, United
States) was used for data processing. All data are
’
expressed as the mean ± SD. The student s t-test was
used for the comparison between two groups. A P-value
< 0.05 was considered statistically significant.

n = 10 mice/group; 21 d treatment

1000
800
a

RESULTS

b

600

Increasing concentrations of UDCA inhibit growth of
BEL7402 HCC in vivo

400
c
200
0

Control

UDCA
(30 mg/kg)

UDCA
UDCA
(50 mg/kg) (70 mg/kg)

Figure 1 Ursodeoxycholic acid suppresses tumor growth in vivo. A:
Tumor volume is plotted as a function of time in days. Tumor volumes plotted
represent the median value of xenografts from 10 animals in each group; B:
The median value of the tumor volume for each group after 21 d of treatment
are graphically depicted. Differences between control and treated xenografts
on day 21 reached statistical significance (P < 0.05) at all ursodeoxycholic acid
(UDCA) doses (30 mg/kg per day, aP < 0.05; 50 mg/kg per day, bP < 0.05; 70
mg/kg per day, cP < 0.01).

1 mmol/L EDTA, 10 mmol/L HEPES-KOH (pH 7.4),
0.1% bovine serum albumin, 10 μg/mL aprotinin,
and 1 mmol/L phenylmethylsulfonyl fluoride), and
homogenized with a glass Dounce homogenizer and
a tight Teflon pestle. Homogenates were centrifuged
at 600 g for 15 min at 4 ℃ to pellet debris, and the
supernatants collected and centrifuged at 3500 g
for 15 min at 4 ℃ to pellet mitochondria. Floating
lipid layers were aspirated, and the mitochondrial
pellets were resuspended in Buffer A. Suspensions
were centrifuged at 1500 g for 5 min at 4 ℃, and the
supernatants were recentrifuged at 5500 g for 10 min.
The last two steps were repeated twice, and used as
mitochondrial protein lysates for Western blot analysis.
For preparation of cytosolic extracts, the tumor was
homogenized in ice-cold buffer (20 mmol/L HEPESKOH (pH 7.0), 10 mmol/L KCl, 1.5 mmol/L MgCl2,
1 mmol/L sodium EDTA, 1 mmol/L sodium EGTA, 1
mmol/L dithiothreitol, 250 mmol/L sucrose, 10 mg/mL
aprotinin, and 1 mmol/L phenylmethylsulfonyl fluoride)
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BEL7402 cells were subcutaneously injected into mice
and growth of xenografts treated with UDCA was
monitored over 21 d. The effect of UDCA treatment
at different doses was first investigated as a function
of the weight of the animals and tumor volume.
Animals were weighed on day 0 and a mean weight
was calculated for each experimental group and the
controls. The mean body weight for all groups was
17.8 ± 1.8 g. On day 21, body weights generally had
decreased as xenografts developed with the most
dramatic decrease in untreated controls. The mean
body weight was 14.5 ± 1.5 g, 15.7 ± 1.6 g, 16.7
± 1.7 g and 17.6 ± 1.8 g for controls and the UDCA
groups at 30, 50 and 70 mg/kg per day, respectively.
Statistical analysis demonstrated that body weight was
significantly different between the treatment groups
and controls (30 mg/kg per day, P < 0.05; 50 mg/kg
per day, P < 0.05; 70 mg/kg per day, P < 0.01).
3
As expected, tumor volume (1090 ± 89 mm )
increased significantly in control animals over the 21
d. In the experimental groups, growth of tumors was
inhibited with increasing doses of UDCA (Figure 1A).
Differences between the mean volumes of treated
tumors and controls were statistically significant at
3
each dose: 30 mg/kg per day, 612 ± 46 mm , P < 0.05;
3
50 mg/kg per day, 563 ± 38 mm , P < 0.05; and 70
3
mg/kg per day, 221 ± 26 mm , P < 0.01 (Figure 1B).

UDCA treatment causes DNA fragmentation in BEL7402
xenografts

Apoptosis is one of the mechanisms underlying UDCA
growth inhibition in vitro. To determine whether UDCA
elicits growth inhibition in vivo through apoptosis, DNA
from treated xenografts was isolated and examined
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Cleaved-caspase 3
Cleaved-caspase 9

b-actin

Figure 4 Expression of cleaved-caspases 3 and 9 is induced in response
to ursodeoxycholic acid in xenografts. Western blot analysis was performed
with protein lysates prepared from control and treated tumors. Blots were
incubated with antibody against cleaved-caspases 3 and 9, and β-actin was
used as an internal control. 0: Control; lanes 1-3: Ursodeoxycholic acid (UDCA)
30 mg/kg per day, UDCA 50 mg/kg per day, and UDCA 70 mg/kg per day.
Figure 2 Ursodeoxycholic acid induces a DNA ladder in hepatocellular
carcinoma xenografts in mice. Genomic DNA was isolated from xenografts
and electrophoresed on 1.5% agarose gels to determine integrity of the DNA.
M: DNA markers; lane 0: control; lanes 1-3: ursodeoxycholic acid (UDCA) 30
mg/kg per day, UDCA 50 mg/kg per day, and UDCA 70 mg/kg per day.

0

1

2

3

Apaf-1
b-actin

A

Control

UDCA (30 mg/kg)

Figure 5 Ursodeoxycholic acid induces expression of APAF1. Western
blot analysis for the expression of APAF1 was performed with protein
lysates prepared from control and treated xenografts. 0: control; 1-3 lanes:
ursodeoxycholic acid (UDCA) 30 mg/kg per day, 50 mg/kg per day, and UDCA
70 mg/kg per day. β-actin was used as an internal control.
0

1

2

3

Bax

Bcl-2
UDCA (50 mg/kg)

UDCA (70 mg/kg)

Percentage of apoptotic cells (%)

B

b-actin

f

Figure 6 Ursodeoxycholic acid induces BAX but suppresses BCL2 protein
levels. Western blot analysis for the expression of BAX and BCL2 proteins was
performed with protein lysates prepared from control and treated xenografts. 0:
control; lanes 1-3: ursodeoxycholic acid (UDCA) 30 mg/kg per day, UDCA 50
mg/kg per day, and UDCA 70 mg/kg per day. β-actin was used as an internal
control.

5
e

4
e

3

by agarose gel electrophoresis for the presence of the
characteristic DNA ladder. DNA ladders were observed
in genomic DNA isolated from tumors treated with
UDCA after 21 d. Furthermore, the DNA fragmentation
increased with increasing UDCA dose (Figure 2).

2
1
0

Control

UDCA
(30 mg/kg)

UDCA
UDCA
(50 mg/kg) (70 mg/kg)

Figure 3 Systemic administration of ursodeoxycholic acid induces
apoptosis in BEL7402 xenografts in immunodeficient mice. A: TUNEL
staining performed to detect apoptotic cells in situ in tissue sections prepared
from control and treated xenografts as indicated (magnification × 400); B:
Apoptotic cell numbers from control and treated xenografts represented
graphically. Data are presented as the mean ± SD for 1000 cells in randomly
selected fields on three sections for each group. Differences between control
and treated xenografts reached statistical significance (30 mg/kg per day, aP <
0.05; 50 mg/kg per day, eP < 0.05; 70 mg/kg per day, fP < 0.01).
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Apoptosis detected in situ increases in UDCA treated
BEL7402 xenografts

Apoptosis induced by UDCA was further evaluated
with the TUNEL assay which enables the detection of
fragmented DNA in situ. The TUNEL assay revealed
that the mean percentage of apoptotic cells increased
with increasing UDCA dose: control, 1.6% ± 0.3%;
30 mg/kg per day, 2.9% ± 0.5%; 50 mg/kg per day,
3.15% ± 0.7%, and 70 mg/kg per day, 4.86% ± 0.9%.
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0
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0
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70 (mg/kg)
Cytochrome c

b-actin

Oxidative complex Ⅰ

Figure 7 Cytochrome c is localized to the cytosolic fraction in response to ursodeoxycholic acid. Western blot analysis for the localization of cytochrome c
was performed with protein lysates prepared from cytosolic and mitochondrial cellular fractions in control and treated xenografts. β-actin and oxidative complex I were
used as marker and loading controls for cytosolic and mitochondrial fractions, respectively.

The increased percentage of apoptotic cells in treated
vs control xenografts was significant (P = 0.041, 0.029,
and 0.016 for 30 mg/kg per day UDCA, 50 mg/kg per
day UDCA, and 70 mg/kg per day UDCA, respectively)
(Figure 3).

Protein expression of BAX, BCL2, APAF1, cleaved
caspase-3 and cleaved caspase-9 is altered in UDCA
induced apoptosis

Several proteins mediating and regulating apoptosis
were examined by Western blot in order to further
elucidate the mechanism of UDCA-induced cell death
in BEL7402 xenografts. With the administration of
UDCA, the protein levels of BAX, apoptotic proteaseactivating factor-1 (APAF1), cleaved caspase-9, and
cleaved caspase-3, proteins executing apoptosis,
were up-regulated, whereas BCL2, a protein known to
inhibit cell death, was down-regulated. The expression
of these proteins furthermore increased with increasing
doses of UDCA (Figures 4-6).

Treatment with UDCA leads to release of cytochrome c
into the cytosol

Release of the mitochondrial protein cytochrome
c into the cytosol signals the involvement of the
mitochondria in programmed cell death. In order to
localize cytochrome c during UDCA induced apoptosis,
cytosolic and mitochondrial protein extracts were
prepared from treated and control xenografts and
analyzed by Western blot. UDCA treatment resulted in
release of cytochrome c into the cytoplasm of BEL7402
relative to control xenografts (Figure 7).

DISCUSSION
The prognosis of HCC remains poor worldwide due
to a high recurrence rate despite state of the art
treatments. Based on previous work in vitro, UDCA
was investigated here as a potential chemotherapeutic
agent for the treatment of HCC in vivo. First, the
results indicated that UDCA suppressed growth of
HCC in vivo; continued UDCA administration, initiated
one day ahead of implantation of the BEL7402 cells
in nude mice, significantly inhibited the growth of
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xenografts compared to controls. Second, UDCA
inhibition of tumor development was mediated in part
through apoptosis. Finally, UDCA treatment at the
doses used did not lead to the development of life
threatening lesions or toxic side effects in the mice.
Taken together, results from both in vitro and in vivo
experiments support further investigation of UDCA as
a chemotherapeutic agent for HCC.
UDCA, a hydrophilic bile acid, has been previously
found to have therapeutic effects. First, UDCA was
recognized as an effective agent in the treatment of
primary biliary cirrhosis, from various biochemical
[12]
and physiological aspects . Second, UDCA is known
as a cytoprotective agent. UDCA prevents apoptosis
induced by a variety of stress stimuli including
cytotoxic bile acids such as deoxycholic acid (DCA),
and it has been shown to antagonize DCA-induced
[17,18]
apoptosis in human colon cancer cells
and it is a
chemopreventive agent in the azoxymethane model
[19]
of experimental colonic carcinogenesis . Finally,
it has been reported that UDCA and its derivatives
induce apoptosis in several cancer cell lines, such as
[20]
[21]
human HCC cells , human prostate cancer cells ,
[22]
human cervical carcinoma cells
and human breast
[23]
carcinoma cells . Thus, UDCA and its derivatives may
inhibit carcinogenesis through different mechanisms in
a variety of tissue types.
The appearance of a DNA ladder and the results
of the TUNEL assay indicate that the inhibitory
properties of UDCA in vivo are mediated in part through
the induction of apoptosis. Additional experiments
determined that molecular components of the apoptotic
machinery associated with mitochondria were in
fact altered under UDCA treatment. For example,
UDCA induced the expression of BAX but downregulated the expression of BCL2. BAX protein has
a proapoptotic effect causing release of cytochrome
[24-26]
[27]
c
and increasing outer membrane permeability .
In contrast, the BCL2 protein is anti-apoptotic and
prevents both the loss of mitochondrial membrane
[24-26]
potential and the efflux of cytochrome c
.
Furthermore, BCL2 proteins are directly associated
with the mitochondrial membrane and effectively
[28,29]
regulate its integrity
. In addition, cytochrome
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c was localized in the cytosolic fraction, indicating
its release from the mitochondria. Cytochrome c is
a crucial mediator of the pathway, as it leads to the
activation of a complex (apoptosome) of caspase-9
[30,31]
and caspase-3 through the adaptor protein APAF1
.
Once released, cytochrome c promotes the activation
of pro-caspase-9 directly within the apoptosome
[31,32]
complex
. The formation of the APAF1/caspase-9
apoptosome is a crucial event in the apoptotic
[33]
cascade .
Based on these results, UDCA induced apoptosis
appears to be mediated through a mitochondrial
pathway. The mitochondrial apoptotic pathway has
also been reported to play an important role in the
[34,35]
apoptosis of other types of human carcinoma cells
.
Thus, the identification of new drugs that stabilize
the formation of an active apoptosome complex is a
possible strategy for effective treatment of HCC as well
[36]
as other cancers .
In conclusion, oral administration of UDCA was
effective in suppressing the growth of BEL7402
xenografts in mice. Our results support further
investigation of UDCA as a candidate for the treatment
of liver cancer.

steatohepatosis. Recent studies have also indicated that UDCA reduced the
frequency of colonic carcinogenesis and induced apoptosis of HCC cells in
vitro. The results further demonstrate that UDCA suppresses development
of liver cancer in vivo. The results thus indicate that patients with HCC might
benefit from treatment with UDCA as a chemotherapeutic agent.

Terminology

Ursodeoxycholic acid, a hydrophilic bile acid produced by intestinal bacteria,
has been found to have several therapeutic effects.

Peer-review

The aim of the study was to evaluate the potential efficacy of UDCA as a
chemotherapeutic agent for the treatment of HCC. Oral administration of UDCA
suppressed the growth of xenografts derived from the HCC cell line BEL7402
in BALB/c nude mice. The research findings are of interest to the scientific and
medical community as the prognosis of the large number of people affected
worldwide by this disease remains poor. The data presented are clear and
support the conclusions.
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Abstract
AIM: To investigate the effects of Recql5 deficiency on
liver injury induced by lipopolysaccharide/D-galactosamine
(LPS/D-Gal).
METHODS: Liver injury was induced in wild type (WT)
or Recql5-deficient mice using LPS/D-Gal, and assessed
by histological, serum transaminases, and mortality
analyses. Hepatocellular apoptosis was quantified by
transferase dUTP nick end labeling assay and Western
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blot analysis of cleaved caspase-3. Liver inflammatory
chemokine and cytochrome P450 expression was
analyzed by quantitative reverse transcription-PCR.
Neutrophil infiltration was evaluated by myeloperoxidase
activity. Expression and phosphorylation of ERK,
JNK, p65, and H2A.X was determined by Western
blot. Oxidative stress was evaluated by measuring
malondialdehyde production and nitric oxide synthase,
superoxide dismutase, glutathione peroxidase, catalase,
and glutathione reductase activity.
RESULTS: Following LPS/D-Gal exposure, Recql5deficient mice exhibited enhanced liver injury, as
evidenced by more severe hepatic hemorrhage,
higher serum aspartate transaminase and alanine
transaminase levels, and lower survival rate. As
compared to WT mice, Recql5-deficient mice showed
an increased number of apoptotic hepatocytes and
higher cleaved caspase-3 levels. Recql5-deficient
mice exhibited increased DNA damage, as evidenced
by increased γ-H2A.X levels. Inflammatory cytokine
levels, neutrophil infiltration, and ERK phosphorylation
were also significantly increased in the knockout mice.
Additionally, Recql5-deficicent mice exhibited increased
malondialdehyde production and elevated inducible
nitric oxide synthase, superoxide dismutase, glutathione
peroxidase, catalase, and glutathione reductase activity,
indicative of enhanced oxidative stress. Moreover,
CYP450 expression was significantly downregulated in
Recql5-deficient mice after LPS/D-Gal treatment.
CONCLUSION: Recql5 protects the liver against LPS/
D-Gal-induced injury through suppression of hepatocyte
apoptosis and oxidative stress and modulation of
CYP450 expression.
Key words: Recql5; Liver injury; Apoptosis; Oxidative
stress; CYP450
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Wild type and Recql5-deficient mice were
intraperitoneally injected with lipopolysaccharide and
D-galactosamine (LPS/D-Gal). The aim of the study
was to explore the effects of Recql5 deficiency on
LPS/D-Gal-induced liver injury. Our findings reveal
that Recql5 protects against liver injury via inhibition
of hepatocyte apoptosis and oxidative stress and
regulation of hepatic CYP450 expression levels.
Liao WQ, Qi YL, Wang L, Dong XM, Xu T, Ding CD, Liu R,
Liang WC, Lu LT, Li H, Li WF, Luo GB, Lu XC. Recql5 protects
against lipopolysaccharide/D-galactosamine-induced liver injury
in mice. World J Gastroenterol 2015; 21(36): 10375-10384
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i36/10375.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i36.10375
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INTRODUCTION
The RecQ family is a highly conserved group of DNA
helicases that play a critical role in DNA replication,
[1]
recombination, transcription, and repair . Mammals
express five RecQ homologues: RECQL1, BLM, WRN,
[2]
RECQL4, and RECQL5 , which share a conserved
helicase domain, but differ in their C- and/or N-terminal
[3]
domains . Mutations in BLM, WRN, and RECQL4
are linked to the human genetic disorders Bloom’
s syndrome (BS), Werner’s syndrome (WS), and
Rothmund-Thomson’s syndrome (RTS), respectively.
These disorders are characterized by increased
[2]
genomic instability and cancer susceptibility . RECQL5
has not been directly linked to human genetic disease,
but has been implicated in DNA double strand break
[4-10]
(DSB) repair and DNA transcription
.
Several lines of evidence suggest that RECQ
helicases also play a role in hepatic cell proliferation
and metabolism. For example, RECQL1 expression
is significantly correlated with histological grade and
MIB-1 indices of hepatocellular carcinoma (HCC)
development. Silencing RECQL1 expression suppresses
[11]
HCC cell proliferation both in vitro and in vivo . BLMdeficient cells from patients with BS show slower
growth and increased irradiation-mediated apoptosis.
Deletion of BLM in mice leads to a reduced number of
[12]
fetal liver cells and increased cell death . In addition,
a recent report has shown that Wrn-mutant mice
exhibit accelerated typical age-related liver changes,
including pseudocapillarization that directly affects
[13]
hepatic metabolism . Moreover, WRN regulates the
transcription of hepatic cytochrome P450 2B (CYP2B)
genes, which are involved in the metabolism of various
[14]
active substances , suggesting that WRN may function
in liver metabolism. Hepatocyte cell death and impaired
hepatic metabolism are associated with many liver
diseases, including chronic and acute liver injury and
[15-17]
liver cancer
. Previously, we reported that Recql5
deficiency in mice resulted in increased susceptibility to
[4,6]
cancers, including liver cancer ; however, it remains
unknown whether Recql5 also has a role in liver injury.
Lipopolysaccharide/D-galactosamine (LPS/D-Gal)
treated mice are a known model of acute liver injury.
D-Gal is an amino sugar that blocks RNA synthesis
and greatly increases the sensitivity of mice to LPS[18,19]
induced hepatotoxicity
. Using this model, we
examined the function of Recql5 in liver injury. We
demonstrated that Recql5 protects against LPS/D-Galinduced liver injury and found that the enhanced liver
injury in Recql5-deficient mice occurs due to increased
hepatic apoptosis, elevated oxidative stress, and
downregulation of CYP450 expression.

MATERIALS AND METHODS
Animals

Male, 6-8-wk-old Recql5-deficient and wild type
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Table 1 Primers used in this study
Gene
TNF-a
IL-6
Cyp2A4
Cyp2A5
Cyp2B9
Cyp2B10
GAPDH

Forward primer (5'→3')

Reverse primer (5'→3')

Length of product

GAACTGGCAGAAGAGGCACT
GAGGATACCACTCCCAACAGACC
CGGAAGACGAACGGTGCTTTC
TCGGAAGACGAACGGTGCTTTT
TGAAGCTTTTCTGCCCTTCT
GACTTTGGGATGGGAAAGAG
ACGGATTTGGTCGTATTGGGC

AGGGTCTGGGCCATAGAACT
AAGTGCATCATCGTTGTTCATAC
GAGGCTTCCCAGCATCATTCTAAGA
GCTTCCCAGCATCATTCGAAGC
GTGTGAGCAGCTACCAATG
CCAAACACAATGGAGCAGAT
CTCGCTCCTGGAAGATGGTGAT

203 bp
141 bp
123 bp
124 bp
147 bp
68 bp
216 bp

(WT) C57BL/6 mice were used in this study. The
Recql5-deficient mice used in this study have been
[4-7]
characterized previously . Mice were fed a commercial
diet and maintained in a controlled environment at
20-25 ℃ and 50% ± 5% relative humidity with a 12:12
h dark-light cycle. All animal studies were approved by
the Wenzhou Medical University Institutional Animal
Care and Use Committee.

and stained with hematoxylin-eosin for conventional
morphological evaluation under a light microscope.

Reagents and antibodies

Oxidation stress analysis

LPS (E. coli, 0111:B4) and D-Gal were purchased from
Sigma (St Louis, MO, United States). Caspase-3 (rabbit
polyclonal, 1:1000), ERK (rabbit polyclonal, 1:2000),
phospho-ERK (rabbit polyclonal, 1:2000), JNK (rabbit
polyclonal, 1:1000), phospho-JNK (mouse monoclonal,
1:2000), phospho-p65 (mouse monoclonal, 1:1000),
phospho-H2A.X (γ-H2A.X, rabbit polyclonal, 1:1000),
β-actin (rabbit polyclonal, 1:2000), and GAPDH (rabbit
polyclonal, 1:3000) antibodies were obtained from Cell
Signaling Technology (Waltham, MA, United States).
Peroxidase-conjugated secondary antibodies were
from Santa Cruz Biotechnology (Santa Cruz, CA,
United States).

Liver injury induction

Liver injury was induced in 6-8-wk-old male mice via
an intraperitoneal injection of LPS/D-Gal. For mortality
assay, mice were intraperitoneally injected with 20
μg/kg LPS and 400 mg/kg D-Gal and mortality was
recorded for 72 h. To induce acute liver injury, mice
were intraperitoneally injected with 10 μg/kg LPS
and 300 mg/kg D-Gal. Mice were scarified at 1 and
6 h after LPS/D-Gal administration. Blood and liver
samples were collected for further experiments.

Serum analysis

The serum activity of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) was measured
with a commercial assay kit (Nanjing Jiancheng
Biological Technology, Inc., Nanjing, China). The
enzyme activity was expressed as international units
per liter (U/L). Serum tumor necrosis factor (TNF)-α
and interleukin (IL)-6 levels were measured using
commercial assay kits (Nanjing Jiancheng Biological
Technology).

Histopathological analysis

Formalin-fixed specimens were embedded in paraffin
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Myeloperoxidase activity analysis

Myeloperoxidase (MPO) activity was determined using
an MPO detection kit according to the manufacturer’s
instructions (Nanjing Jiancheng Biological Technology,
Inc.).

Lipid peroxidation was determined by measuring
malondialdehyde (MDA) levels using an assay kit
(Beyotime Institute of Biotechnology, Inc., Shanghai,
China). The activity of inducible nitric oxide synthase
(iNOS), superoxide dismutase (SOD), glutathione
peroxidase (GPX), catalase (CAT), and glutathione
reductase (GR) was tested using commercial assay
kits (Nanjing Jiancheng Biological Technology, Inc.).

Terminal deoxynucleotidyl transferase dUTP nick end
labeling assay

Hepatocellular apoptosis was evaluated by transferase
dUTP nick end labeling (TUNEL) assay using the
TM
DeadEnd Colorimetric TUNEL System (Promega,
Madison, WI, United States). The terminal transferase
reactions produced a dark-brown precipitate. For each
mouse liver section, the number of TUNEL-positive
cells in five randomly selected fields was counted.

Quantitative real-time PCR

Total RNA was isolated from liver tissue using TRIZOL
reagent (Invitrogen) and was treated with DNase to
remove contaminating DNA before cDNA synthesis. RNA
(2 µg) was reverse-transcribed to cDNA with murine
leukemia virus (MLV)-reverse transcriptase (Invitrogen).
Each cDNA sample was analyzed in triplicate on
an ABI 7300 Real-Time Detection system (Applied
Biosystems, Foster City, CA, United States) using
SYBR Green (Tiangen, Beijing, China). An endogenous
housekeeping gene (GAPDH) was used as an internal
standard. The primer sequences are shown in Table 1.
The primer concentration used in the PCR assay was
0.5 µmol/L. Cycle conditions were as follows: 95 ℃ for
2 min followed by 40 cycles of 95 ℃ for 15 s, 60 ℃ for
30 s, and 68 ℃ for 30 s. Relative mRNA quantification
was calculated using the comparative threshold cycle
(Ct) method. ∆∆Ct was converted to a fold change of
-∆∆Ct
expression using the formula 2
.
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Figure 1 Enhanced lipopolysaccharide/D-Gal-induced liver injury in Recql5-deficient mice. A: Survival curves after lipopolysaccharide (LPS)/D-Gal injection. Wild
type (WT) and Recql5-deficient (Recql5-/-) mice were treated with 20 μg/kg LPS and 400 mg/kg D-Gal (WT, n = 14; KO, n = 16). Survival curves were created using
the Kaplan-Meier method and compared by log-rank (Mantel-Cox) test; B: Images of the whole livers demonstrate the different degree of hemorrhage. WT and Recql5deficient mice were treated with 300 mg/kg D-Gal and 10 μg/kg LPS (n = 4-7 per group). Livers were removed 6 h after injection; C: HE staining of liver sections 6 h after
injection; D: Serum alanine transaminase (ALT) activity 6 h after injection; E: Serum aspartate transaminase (AST) activity 6 h after treatment. bP < 0.01, WT vs Recql5-/-.

Western blotting

Liver tissue was lysed in lysis buffer [50 mmol/L TrisHCl pH 7.6, 150 mmol/L NaCl, 1% NP-40 and 0.1%
(w/v) SDS] supplemented with a protease/phosphatase
inhibitor cocktail (Cell Signaling Technology). After
sonication, the lysate was centrifuged at 12000 rpm
for 15 min at 4 ℃, and the supernatant was collected.
Proteins were separated using SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene difluoride (PVDF) membranes (Bio-Rad,
Hercules, CA, United States). After blocking with 5%
(w/v) milk in TTBS (TBS plus 0.1% Tween-20), the
membranes were incubated with primary antibodies
followed by horseradish peroxidase (HRP)-conjugated
secondary antibodies. Protein bands were visualized with
the Immun-Star HRP chemiluminescence kit (Bio-Rad).
For densitometric analysis, Image J software was used.

Statistical analysis

Statistical comparisons were performed using Student’s
t-test or analysis of variance (ANOVA) where appropriate.
Data are expressed as the mean ± SD. Kaplan-Meier
survival analysis was performed using the log-rank test.
P-values less than 0.05 were considered significant.

RESULTS
Enhanced liver injury in Recql5-deficient mice

To investigate the role of Recql5 in liver injury, we
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first examined the effect of Recql5 deficiency on
mouse mortality after LPS shock. Following injection
of 20 µg/kg LPS and 400 mg/kg D-Gal, the mortality
was significantly increased in Recql5-deficient mice
as compared to WT mice (Figure 1A). Lethal shock
in D-Gal/LPS-treated mice is characterized by acute
[20]
liver injury . To further elucidate the direct effects
of Recql5 on liver injury, we used a low-dose LPS/
D-Gal model (10 µg/kg LPS and 300 mg/kg D-Gal).
[21]
Liver morphology analysis
showed that the liver
of Recql5-deficient mice was swollen and exhibited
more bleeding on the surface, as compared to the liver
of WT mice, indicating that there was more severe
liver hemorrhage in knockout mice after treatment
(Figure 1B). These data were further confirmed by
HE staining (Figure 1C). Moreover, the serum ALT and
AST levels, two well-established biochemical markers
of hepatocellular damage, were significantly increased
in Recql5-deficient mice 6 h after injection (Figure 1D
and E). Together, these results indicate that Recql5 has
a protective role in liver injury induced by LPS/D-Gal.

Increased hepatocellular apoptosis and DNA damage in
Recql5-deficient mice

Hepatocyte apoptosis is considered a main cause
[22]
of liver injury in the LPS/D-Gal model . Thus
we evaluated whether Recql5 deficiency affected
hepatocyte apoptosis. The TUNEL assay showed that
the number of apoptotic hepatocytes was significantly
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Figure 2 Enhanced hepatocellular apoptosis in Recql5-deficient mice after lipopolysaccharide/D-Gal treatment. A: TUNEL assay for apoptotic hepatocytes in
wild type (WT) and Recql5-deficient (Recql5-/-) mice after lipopolysaccharide (LPS)/D-Gal injection; B: Western blot analysis of cleaved caspase-3 protein levels in the
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increased in Recql5-deicient mice, as compared to WT
mice after LPS/D-Gal administration (Figure 2A). In
agreement with this observation, Western blot analysis
showed that the cleaved caspase-3 levels were
significantly elevated in Recql5-deicient mice (Figure
2B). Given the important role of Recql5 in genomic
stability, we assumed that LPS/D-Gal treatment would
result in elevated DNA damage in Recql5-deficient
mice, which, in turn, would trigger apoptosis. Indeed,
Western blot showed that the level of γ -H2A.X, a
biomarker of DNA damage, was significantly increased
in Recql5-deficient mice (Figure 2C). Together, these
results suggest that Recql5 deficiency results in increa
sed LPS/D-Gal-induced DNA damage and hepatocyte
apoptosis, thereby inducing liver injury.

Increased inflammatory response in Recql5-deficient
mice

The release of pro-inflammatory cytokines is involved
[18,22]
in liver injury stimulated by LPS/D-Gal
. Among
these, cytokines TNF-α and IL-6 are key mediators
of hepatocyte apoptosis. To examine whether Recql5
deficiency could alter TNF-α and IL-6 expression, we
measured their hepatic mRNA levels. As compared
with WT mice, the mRNA levels of TNF-α and IL-6 were
significantly elevated in Recql5-deficient mice at 1 and
6 h, respectively. Similar results were found for serum
TNF-α and IL-6 levels (Figure 3C and D). Consistent
with these data, the neutrophil infiltration, which can
[21]
be triggered by TNF-α signaling , was significantly
increased in knockout mice, as evaluated by MPO
activity (Figure 3E). LPS/D-Gal-induced secretion of
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inflammatory cytokines is primarily dependent on
the activation of the mitogen activated protein kinase
[18,23]
(MAPK) and nuclear factor (NF)-κB pathways
.
We then tested whether deletion of Recql5 affected
these pathways. Our results showed that the phos
phorylation of extracellular signal-related kinase (ERK)
was significantly increased in Recql5-deficient mice,
whereas there was no significant difference in c-Jun
N-terminal kinase (JNK) and p65 phosphorylation
between Recql5-deficient mice and control mice (Figure
3F), suggesting that Recql5 deficiency results in ERK
activation.

Elevated oxidative stress in Recql5-deficient mice

Oxidative stress is a known contributor to LPS/D-Gal[24]
induced liver injury . To investigate the effects of
Recql5 deficiency on oxidative stress, we measured
several parameters involved in this process, including
MDA production and iNOS, SOD, GPX, CAT and GR
activity. Our data showed that the levels of MDA, an
end product of lipid peroxidation, were significantly
increased in Recql5-deficient mice, as compared to WT
mice (Figure 4A). Furthermore, there was a significant
increase in iNOS activity in Recql5-deficient mice,
indicative of enhanced NO production (Figure 4B).
Additionally, SOD, GPX, CAT, and GR activity in Recql5deficient mice was significantly reduced (Figure 4C-F).
These results suggest that Recql5 deficiency leads to
increased LPS/D-Gal-mediated oxidative stress.

Decreased CYP450 expression in Recql5-deficient mice

CYP450s are important for the metabolism of a variety
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Figure 3 Enhanced inflammatory responses in Recql5-deficient mice following lipopolysaccharide/D-Gal exposure. TNF-a (A) and IL-6 (B) mRNA expression
in WT and Recql5-deficient (Recql5-/-) mice 1 and 6 h after LPS/D-Gal exposure (n = 4-7 per group). Serum TNF-a (C) and IL-6 (D) levels in WT and Recql5-deficient
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[25,26]

of endogenous and exogenous substrates
. It has
been reported that reduced CYP450 gene expression
[27]
is associated with enhanced liver injury . Therefore,
we examined whether Recql5 deficiency could alter
CYP450 expression. The mRNA levels of four CYP450
members were detected, including CYP2A4, CYP2A5,
CYP2B9 and CYP2B10, which are regulated by LPS
[28-30]
as reported previously
. Our results showed that,
following LPS/D-Gal exposure, mRNA levels of CYP2A4,
CYP2A5, CYP2B9, and CYP2B10 were significantly
reduced in Recql5-deficient mice, as compared to
WT mice (Figure 5). These data indicate that Recql5
deficiency results in the downregulation of CYP450
expression, which may impair LPS and/or D-Gal
disposition.

WJG|www.wjgnet.com

DISCUSSION
In the present study, we demonstrated that Recql5
has a protective role against LPS/D-Gal-induced liver
injury, as Recql5-deficient mice exhibited increased
hepatic hemorrhage, elevated serum aminotransferase
levels, and decreased survival rate. LPS/D-Gal-induced
liver injury is a well-established experimental animal
model of acute hepatic failure. The outcomes of this
model are associated with increased hepatocyte
[18,31,32]
apoptosis, inflammation, and oxidation
. First,
we speculated that Recql5 deficiency might increase
hepatocyte apoptosis, which could lead to enhanced
liver damage. Indeed, TUNEL assays and Western
blot confirmed an increase in hepatocyte apoptosis
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in Recql5-deficient mice. Moreover, consistent with
the role of Recql5 in genomic stability, we found
that Recql5-deficient liver exhibited increased DNA
damage, which has been recognized as an inducer
[33]
of apoptosis . Our data suggest that Recql5 is a
regulator of cell apoptosis. In agreement with these
findings, a previous study suggested that BLM also
regulates cell apoptosis, and that BLM deficiency
results in increased cell death and apoptosis, which is
[12]
associated with p53 dysfunction .
TNF-α and IL-6 are two proximal mediators of
hepatotoxicity in several models of liver damage,
[34,35]
including LPS/D-Gal
. TNF-α-induced hepatocyte
apoptosis may be an early causal event during LPS/
[32]
D-Gal-induced liver injury . We found that LPS/D-Gal
upregulated TNF-α and IL-6 in Recql5-deficient mice.
Moreover, it has been reported that LPS activates
various signaling pathways, including MAPK and NFκB, thereby inducing the production of inflammatory
[18]
cytokines . In line with these data, we observed
an upregulation in ERK phosphorylation in knockout
mice following LPS/D-Gal challenge. Together, our
data suggest that, in the LPS/D-Gal model, Recql5
deficiency activates ERK signaling, resulting in
inflammatory cytokine production and subsequently,
hepatocyte apoptosis and damage.
Oxidative stress is associated with damage to a
wide range of molecules, including lipids, proteins, and
nucleic acids, and may play a crucial role in LPS/D-Galstimulated liver injury. For example, treatment with
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antioxidants significantly reduces LPS/D-Gal-induced
liver injury in mice, whereas inhibition of antioxidant
[24,36]
enzyme activity enhances liver damage
. Oxidative
stress can be triggered by increased free radical
[37]
production and/or decreased antioxidant activity .
We found that MDA and NO production, indicative
of free radicals, were significantly increased in
Recql5-deficient mice. In contrast, the activity of
the antioxidant enzymes SOD, GPX, CAT and GR
was significantly reduced in mice deficient in Recql5.
These data suggest that Recql5 deficiency results in
an imbalance between free radical generation and
antioxidant defenses, thereby enhancing oxidative
stress-induced liver injury.
CYP450 oxidases are the predominant enzymes
involved in Phase Ⅰ detoxification. Downregulation
of CYP450 increases the risk of liver damage after
[27,38]
hepatoxin exposure
. We found that Recql5
deficiency resulted in reduced expression of CYP2A4,
CYP2A5, CYP2B9, and CYP2B10, indicative of impaired
LPS and/or D-Gal disposition, which might further
aggravate liver injury. The mechanism by which Recql5
regulates CYP450 expression remains unknown. It has
been shown that WRN regulates CYP2B transcription
by forming complex with the Wrn binding site within
[14]
the CYP2B promoter . Further investigations are
required to figure out whether Recql5 regulates
CYP450 expression in the same manner as WRN.
In summary, the current study showed for the first
time that Recql5 protects against liver injury induced
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by LPS/D-Gal. The protective effect of Recql5 is
attributed to the inhibition of hepatocyte apoptosis and
oxidative stress, as well as the regulation of CYP450
expression. Our findings indicate a hepatoprotective
role for Recql5 in liver injury.
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Abstract
AIM: To investigate the anti-tumor effects of equol
in gastric cancer cells and the underlying molecular
mechanisms.
METHODS: MGC-803 cells were employed for in
vitro experiments in this study. Cells were treated

with control (vehicle, 0.1% DMSO) or equol under
specified dose titration or time courses. Cell viability
was examined by MTS assay, and the levels of Ki67
were determined by qPCR and immunofluorescent
assay. Changes in cell cycle distribution and apoptosis
rate were detected by flow cytometry. The mRNA
WAF1
expression of cyclin E1 and P21
was determined by
qPCR. The protein levels of cell cycle regulators, PARP
and Caspase-3 cleavage, and the phosphorylation of
Akt were examined by Western blot. In addition, to
characterize the role of elevated Akt activation in the
anti-tumor effect exerted by equol, Ly294002, a PI3K/
AKT pathway inhibitor, was used to pretreat MGC-803
cells.
RESULTS: Equol (5, 10, 20, 40, or 80 μmol/L)
inhibited viability of MGC-803 cells in a dose- and timedependent manner after treatment for 24, 36, or 48 h
(P < 0.05 for all). Equol also decreased the mRNA (P <
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0.05 for 12 and 24 h treatment) and protein levels of
Ki67. Equol treatment significantly induced G0/G1 cell
cycle arrest (P < 0.05), with the percentages of G0/G1
cells of 32.23% ± 3.62%, 36.31% ± 0.24%, 45.58%
± 2.29%, and 65.10% ± 2.04% for equol (0, 10, 20,
or 30 μmol/L) treatment, respectively, accompanied
by a significant decrease of CDK2/4 (P < 0.05 for 24
and 48 h treatment) and Cyclin D1/Cyclin E1 (P <
WAF1
0.05), and an increased level of P21
(P < 0.05).
A marked increase of apoptosis was observed, with
the percentages of apoptotic cells of 5.01% ± 0.91%,
14.57% ± 0.99%, 37.40% ± 0.58%, and 38.46% ±
2.01% for equol (0, 5, 10, or 20 μmol/L) treatment,
respectively, accompanied by increased levels of
cleaved PARP and caspase-3. In addition, we found that
equol treatment increased P-Akt (Ser473 and Thr308)
at 12 and 24 h compared to vehicle-treated control;
longer treatment for 48 h decreased P-Akt (Ser473 and
Thr308). P-Akt at Thr450, however, was decreased by
equol treatment at all time points examined (P < 0.05
for all). Moreover, Akt inhibition by Ly294002 could
not prevent but led to enhanced G0/G1 arrest and
apoptosis.
CONCLUSION: Equol inhibits MGC-803 cells prolife
ration by induction of G0/G1 arrest and apoptosis.
Its anti-cancer effects are likely mediated by depho
sphorylation of Akt at Thr450.
Key words: Equol; Apoptosis; Chemoprevention; Gastric
cancer; G0/G1 arrest
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The results of our study demonstrated that
equol could effectively inhibit the proliferation of human
gastric cancer MGC-803 cells, which was associated
with cell cycle arrest and apoptosis. Our data also
suggested that the Akt signaling pathway may play
a role in equol-mediated cell cycle arrest. To our
knowledge, this is the first study demonstrating that
equol exerts anticancer effect in human gastric cancer
cells and that blockade of the Akt signaling pathway
may be an antitumor mechanism of equol.
Yang ZP, Zhao Y, Huang F, Chen J, Yao YH, Li J, Wu XN.
Equol inhibits proliferation of human gastric carcinoma cells
via modulating Akt pathway. World J Gastroenterol 2015;
21(36): 10385-10399 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i36/10385.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i36.10385

INTRODUCTION
Gastric cancer, a leading cause of cancer death
worldwide, constitutes a serious threat to human
[1]
health . Although many therapies, including
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radiotherapy, chemotherapy, and biotherapy, have been
developed for gastric cancer treatment, the recurrence
and subsequent resistance to chemoradiation therapy
are unavoidable. Dietary modification is a helpful
strategy for reducing cancer risk. It has been suggested
that high consumption of fresh vegetables, fruits, and
soy products may be associated with a decreased risk
[2-4]
for gastric cancer .
Many epidemiologic studies have reported the
[3-8]
health benefits of soy products for gastric cancer .
The majority of these studies demonstrate a decreased
tendency for gastric cancer risk, although the results
seem to be inconsistent. The isoflavones in soy possess
many biological activities, such as estrogenic and anti[9]
[10]
[11]
estrogenic , antioxidative , and anti-proliferative
effects. Genistein and daidzein are two major iso
flavones in soy, and equol is a metabolite of daidzein
produced by gut bacteria. Equol is different from its
parent compounds in biologic activity. In general, equol
[12]
has a longer half-life in the body than daidzein ;
moreover, equol is more potent than daidzein in terms
[12]
[10]
of its estrogenicity , antioxidative effects , and anti[13,14]
proliferative abilities
. Therefore, equol seems to
be biologically more active than its precursor, daidzein.
As equol has estrogenic and antiestrogenic activities,
its anti-carcinogenic property on hormone-dependent
carcinomas including breast and prostate cancers has
[15-21]
been widely discussed
. Additionally, increasing
evidence suggested that equol has a protective effect
on hormone-independent cancers, such as colorectal
[22]
[23]
[24]
cancer , hepatocellular carcinoma , skin cancer ,
[25]
and pancreatic cancer . As to the effect of equol on
gastric cancer, a previous study demonstrated that
overall plasma concentrations of equol were lower in
cancer patients than in healthy controls; however, no
[26]
[27]
statistical significance was found . Another study
reported that a higher equol concentration was
associated with a decreased risk for gastric cancer.
However, little information, if any, is available in terms
of the antitumor effect of equol on human gastric
cancer cells and the molecular mechanisms for its
antitumor activities remain poorly understood.
In the present study, we aimed to elucidate the
chemopreventive effects of equol and the underlying
mechanisms in gastric cancer cells.

MATERIALS AND METHODS
Chemicals and reagents

Equol (racemic mixture) was purchased from LC
Laboratories (Woburn, MA, United States). Reagents
also included the CellTiter 96 Aqueous One Solution
Cell Proliferation Assay (MTS) reagent (Promega,
Madison, WI), and DAPI (Sigma, United States). Rabbit
polyclonal antibodies specific to P-Akt (Thr450), P-Akt
(Thr308), P-Akt (Ser473), Akt, PARP, CDK4, CDK2 and
WAF1
mouse monoclonal antibodies specific to P21
were
obtained from Cell Signaling Technology (Danvers,
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MA, United States). Rabbit monoclonal antibodies
specific to Cyclin D1, Cyclin E1 and Ki67 were obtained
from Abcam (Cambridge, MA, United States). Rabbit
polyclonal antibodies specific to GAPDH and Caspase-3
and all secondary antibodies were from Santa Cruz
Biotechnology (CA, United States). Annexin V/PI
apoptosis kit was obtained from BD Biosciences (San
Jose, CA) and Cell Cycle Staining Kit was purchased
from MultiScience Biotech (Hangzhou, China).

Cell culture and treatment

The human gastric cancer cell line MGC-803 was
obtained from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). Cells were cultured at
37 ℃ in RPMI 1640 medium supplemented with 10%
fetal bovine serum (FBS), 1% penicillin/streptomycin
in a fully humidified atmosphere of 95% O2 and 5%
CO2.
Cells were treated with control (vehicle, 0.1%
DMSO) or equol in RPMI-1640 medium containing 2%
FBS under specified dose titration or time courses.

Cell viability assay

MGC-803 cell viability was examined by MTS assay,
which is based on the conversion of a tetrazolium salt
into a coloured, aqueous soluble formazan product by
mitochondrial enzyme activity of viable cells at 37 ℃.
The amount of formazan produced by dehydrogenase
enzymes, which are present in living cells, is directly
proportional to the number of living cells in culture and
can be measured at 490 nm by a microplate reader.
The reagent utilized for this study was CellTite 96
Aqueous One Solution. The detection was carried out
according to the manufacturer’s instructions. Briefly,
MGC-803 cells were seeded into 96-well plates (4 ×
3
10 cells/well) and treated with various concentrations
of equol (0-80 μmol/L) in RPMI-1640 medium with
2% FBS for 24, 36 and 48 h. Subsequently, the MTS
reagent was added (1:5 dilution) to each well and
incubated in darkness for 2 h at 37 ℃. Finally, the
absorbance at 490 nm was recorded by a microplate
reader (Bio-Rad, United States). Cell viability was
shown as the percentages of viable cells with vehicletreated cells arbitrarily set as 100% viability.

Cell cycle assay

MGC-803 cells were treated with vehicle or various
concentrations of equol (10-30 μmol/L) for 24 h. At
6
the end of incubation, cells (1 × 10 ) were harvested
and fixed with 70% ethanol at -20 ℃ and stained
with propidium iodide utilizing a Cell Cycle Staining
Kit according to the manufacturer’s protocol. A total
number of 10000 cells were collected and subjected
to flow cytometry using a FACScan flow cytometer
equipped with the Cellquest acquisition and analysis
program (BD FACS Calibur, San Jose, CA).
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Annexin V/PI apoptosis assay

Cells were seeded into 60-mm plates and treated with
vehicle or desired concentrations of equol (5-20 μmol/L).
Then, cells were harvested 48 h post-treatment
and stained with annexin-V and PI, as described by
the manual for the Annexin V/PI apoptosis kit. The
samples were analyzed by flow cytometry utilizing
a FACScan flow cytometer (BD FACS Calibur), and
10000 events were collected for each sample. For
+
analysis, the annexin-V /PI cells were identified as
+
+
early apoptotic cells, the annexin-V /PI cells as late
apoptotic ones, and the annexin-V /PI cells as viable.

Immunofluorescent detection of Ki67

MGC-803 cells were seeded onto glass coverslips
placed in 24-well plates and treated with various
concentrations of equol (0-10 μmol/L) for 24 h. The
slips were rinsed with PBS and fixed in 4% parafor
maldehyde for 15 min. After two rinses in PBS, the
coverslips were permeabilized with 0.5% Triton X-100,
blocked in 5% BSA and incubated overnight at 4 ℃ with
anti-Ki67 antibody. After three rinses in PBS, coverslips
were further incubated with FITC conjugated secondary
antibody for 1 h at room temperature in dark and
stained with DAPI solution. For negative controls, a set
of coverslips was performed under similar conditions
but only incubated without the primary antibodies.
Finally, all the samples were mounted with Fluorescent
Mounting Medium and observed under a fluorescent
microscope (Olympus, Japan).

qRT-PCR analysis

Total RNA was extracted from cells treated with
vehicle or equol for desired time (6-48 h) utilizing an
RNAsimple Total Kit, according to the manufacturer’s
instructions. The RNA concentration and purity were
detected utilizing a NanoDrop (ThermoScientific,
Wilmington, DE). For single-stranded cDNA synthesis,
1 μg of total RNA was used utilizing a FastQuant
RT Kit. The qRT-PCR assay was performed utilizing
SuperReal PreMix Plus (SYBR Green), and the
fluorescence signal was detected with LightCycler480Ⅱ (Roche Applied Science, Mannheim, Germany).
PCR reactions were conducted with an initial PCR
activation at 95 ℃ for 15 min, followed by 45 cycles
of 95 ℃ for 2 s, 58 ℃ for 5 s, and 72 ℃ for 10 s.
The results were normalized with the detected value
for GAPDH. Each measurement was repeated three
times. Real-time PCR primers were as follows: Ki67,
forward (5′-GTGGTAAGCACCAGAGACCC-3′) and
reverse (5′-GGAGCAACCCTCTGCTTCTT-3′); Cyclin
E1 forward (5′-ATACTTGCTGCTTCGGCCTT-3′) and
reverse (5′-TCAGTTTTGAGCTCCCCGTC-3′); GAPDH
forward (5′-TTGCCATCAATGACCCCTTCA-3′) and
reverse (5′-CGCCCCACTTGATTTTGGA-3′); P21 forward
(5′-GCGACTGTGATGCGCTAATG-3′) and reverse
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Equol triggers cell cycle arrest at G0/G1phase

(5′-GAAGGTAGAGCTTGGGCAGG-3′).

Western blot analysis

Cells were washed with ice-cold PBS and lysed with
RIPA Lysing Buffer. The total protein concentration in the
extracts was measured utilizing a BCA protein assay kit.
Equal amounts of proteins (30-60 μg/lane) were resolved
on 10% or 12% SDS-PAGE and electrotransferred to
PVDF membranes. Then, the membranes were blocked
with 5% BSA or non-fat dry milk in TBST for 1 h and
probed with appropriate primary antibodies at 4 ℃ with
gentle shaking overnight, followed by incubation with
HRP conjugated anti-rabbit or anti-mouse secondary
antibodies for 1 h at room temperature. The signal
was detected by chemiluminescence utilizing the ECL
reagent and recorded on an X-ray film.

Detection of protein expression and phosphorylation of
Akt

Cells were treated with 20 μmol/L of equol for 12, 24
and 48 h or various concentrations of equol for 24 h.
The protein expression and phosphorylation levels
of Akt at Thr450, Ser473, and Thr 308 sites were
detected by Western blot analysis. The detailed steps
were conducted as we described above.

Statistical analysis

Statistical analyses were conducted utilizing GraphPad
Prism software. All of the values are expressed as the
mean ± SE. Significant differences between groups
were determined via one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test with a 0.05
significance level. Each experiment was repeated at
least three times.

RESULTS
Equol effectively inhibits the proliferation of MGC-803
cells

The effect of equol on the viability of MGC-803 cells
was determined by MTS assay. As shown in Figure 1A,
equol treatment caused a dose- and time-dependent
decrease in cell viability. Equol significantly inhibited
cell growth at concentrations higher than 2.5 μmol/L.
The 50% inhibitory concentrations (IC50) of equol in
MGC-803 cells were 180.10, 19.98 and 13.93 μmol/L,
respectively, for 24, 36 and 48 h incubation.
To further demonstrate the anti-proliferative effect
of equol on MGC-803 cells, the mRNA and protein
expression of Ki67 was examined. As shown in Figure
1B, the mRNA expression of Ki67, a general marker of
[28]
cellular proliferation in tumor , was down-regulated
after treatment with 20 μmol/L of equol for 12 and 24
h. In addition, immunofluorescence assay showed that
equol obviously decreased the protein expression of
Ki67 after 24 h treatment (Figure 1C).
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We further tested whether the anti-proliferative effect
of equol on MGC-803 cells was due to cell cycle arrest.
As shown in Figure 2, equol treatment resulted in a
significantly increased proportion of cells in the G0/G1
phase compared to the vehicle-treated controls (P <
0.05). The S values were obviously decreased from
40.6% in the control group to 13.92% in 30 μmol/L
of equol treated one, and the G2/M phase was only
minimally changed.
To explore the molecular mechanisms underlying
equol-induced cell cycle arrest, the expression of cell
cycle regulators involved in the G0/G1 progression of
the cell cycle was examined. The results of qPCR (Figure
3A) demonstrated that equol (20 μmol/L) treatment
resulted in a time-dependent decrease in the Cyclin E1
gene expression, whereas an increase in the levels of
WAF1
P21
. Moreover, Western blot analysis revealed that
equol obviously down-regulated the protein expression
of Cyclin E1, Cyclin D1, CDK2, and CDK4, and upWAF1
regulated the levels of P21
(Figure 3B). These
molecular changes were consistent with the promoting
effect of equol on G0/G1 cell cycle arrest.

Equol induces MGC-803 cell apoptosis

After 48 h incubation, equol induced apoptosis of
MGC-803 cells in a dose-dependent manner, as
determined by Annexin V/PI apoptosis assay (Figure
4A). The percentages of apoptotic cells, including
+
+
+
the early (Annexin V /PI ) and late (Annexin V /PI )
apoptotic cells, were 5.22%, 14.93%, 38.61%, and
41.59% for the vehicle control, 5, 10, and 20 μmol/L
of equol treatment, respectively.
To further confirm the apoptotic effect of equol,
Western blot analysis was performed to analyze the
expression of cleaved PARP and caspase-3. As shown
in Figure 4B, equol time-dependently increased the
levels of cleaved PARP and caspase-3. These findings
certify the induction of apoptosis in equol-treated cells.

Equol modulates Akt phosphorylation at the Thr450,
Ser473 and Thr308 sites

To gain further insights into the molecular basis for
the capacity of equol to induce cell cycle arrest and
apoptosis, we examined its effect on the activities of
Akt. As shown in Figure 5A and B, equol treatment
significantly induced dephosphorylation of Akt at
Thr450 in a dose and time-dependent manner, without
affecting the expression of total Akt. However, equol
modulated the phosphorylation of Akt at Ser473 and
Thr308 in a different way. As shown in Figure 5A, a
dramatic dephosphorylation of Akt at these two sites
was observed after 48 h incubation, whereas equol
led to elevated activation of Akt at Ser473 and Thr308
after 12 and 24 h treatment in comparison with the
vehicle-treated control. Meanwhile, we found that
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equol induced hypophosphorylation of Akt at Ser473
and Thr308 in a dose-dependent manner after 24 h
treatment (Figure 5B). These results provided evidence
that equol modulated Akt signaling in MGC-803 cells.

Akt inhibition enhances the anti-proliferative effect
exerted by equol

In general, Akt is the downstream target of PI3K
and PI3K inhibition could play a role in suppressing
phosphorylation of Akt. In our study, to characterize
the role of elevated Akt activation in the antiproliferative effect exerted by equol, MGC-803 cells
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were incubated with 20 μmol/L equol in the presence
or absence of Ly294002 (a specific PI3K inhibitor) for
24 h and cell viability was determined by MTS assay.
As shown in Figure 6A, at a concentration of 20 μmol/L,
equol inhibited cell growth, with cell viability of 78%
compared with the vehicle-treated control. Ly294002
alone also inhibited MGC-803 cell growth (with cell
viability of 86%), and the combination treatment of
Ly294002 and equol had a stronger inhibitory effect,
with cell viability of 57%.
Next, the effect of Ly294002 on the levels of
phosphorylated Akt was examined. As shown in Figure
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6B, Ly294002 was effective in inhibiting Akt phospho
rylation at Ser473 and Thr308, as expected. However,
treatment with Ly294002 alone or in combination
with equol did not affect the phosphorylation of Akt
at Thr450. These results demonstrated that the
phosphorylation of Akt at Thr308 and Ser473 was likely
dependent on PI3K activity, whereas phosphorylation at
Thr450 was independent of PI3K.
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Akt inhibition enhances equol-induced G0/G1 phase
arrest and apoptosis

Akt activation has been found to facilitate the G1/S
[29]
progression of the cell cycle , but there are also
studies reporting its cell cycle arrest inducing effect
[30,31]
in some cellular systems
. To clarify the role of
activated Akt in equol-induced G0/G1 phase arrest,
MGC-803 cells were incubated with 20 μmol/L equol
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in the presence or absence of Ly294002 for 24 h, and
cell cycle assay was determined. As shown in Figure
7A, equol effectively triggered cell cycle arrest at G0/
G1 phase, and Ly294002 did not prevent but led to
enhanced G0/G1 phase cell cycle arrest induced by
equol.
Our study demonstrated that equol induced G0/
G1 phase cell cycle arrest accompanied by inhibition
of Cyclin D1. Next, the effect of Ly294002 on equolmediated Cyclin D1 inhibition was investigated. As
shown in Figure 7B, Ly294002 alone decreased the
levels of Cyclin D1 in comparison with untreated
controls. Moreover, Ly294002 enhanced equol-mediated
Cyclin D1 inhibition. These results indicated that
hypophosphorylation of Akt at Ser473 and Thr308 did
not contribute to equol-mediated G0/G1 arrest but
facilitated the G1/S progression of the cell cycle.
Akt activation has been shown to exhibit both antiapoptotic and pro-apoptotic effects in a variety of cellular
[32-35]
systems
. To determine the role of elevated Akt
phosphorylation in equol-induced apoptosis, MGC-803
cells were treated for 24 h with equol alone or combined
with Ly294002 to inhibit equol-induced signaling
through Akt. The results are illustrated in Figure 7C
and 7D; Ly294002 effectively enhanced equol-induced
apoptotic death and PARP cleavage. These results
indicated that the increase in Akt activation was not
responsible for cell apoptosis signaling in equol-treated
MGC-803 cells.

DISCUSSION
The results of our study demonstrated that equol could
effectively inhibit the proliferation of human gastric
cancer MGC-803 cells, which was associated with
cell cycle arrest. Equol triggered cell cycle arrest at
G0/G1 phase by regulating cell cycle regulators, such
WAF1
as CDK2/4, Cyclin D1/E1, and P21
. Furthermore,
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equol induced apoptotic cell death that was evidenced
by the cleavage of PARP and Caspase-3. Our data also
suggested that the Akt signaling pathway may play a
role in equol-mediated cell cycle arrest and apoptosis.
To our knowledge, this is the first study demonstrating
that equol exerts anticancer effect in human gastric
cancer cells and that blockade of the Akt signaling
pathway may be an antitumor mechanism of equol.
Chemopreventive effects of equol have been widely
[15,17,19,23,24,36]
discussed among a variety of human tumors
,
including breast and prostate cancers, hepatocellular
carcinoma, skin cancer, cervical cancer, and so on.
[36-38]
Several studies
reported that equol could inhibit
proliferation of human breast cancer cells (MDAMB-453 and MCF-7), human cervical cancer cells
(Hela) and human prostate tumor cells (LNCaP) at
varying concentrations (<10 μmol/L to 100 μmol/L).
Whether equol is effective in inhibition of human
gastric carcinoma cells, however, remains unclear.
In our study, we found that equol (>2.5 μmol/L)
effectively inhibited the proliferation of MGC-803 cells,
with the IC50 of 13.93 μmol/L after 48 h of incubation,
which are lower than the values reported in LNCaP
[39]
and LAPC-4 cells , with IC50 values of 53.8 and 35.1
μmol/L, respectively, even after 96 h of incubation. Our
in vitro data suggest that equol may be an effective
chemopreventive agent for human gastric carcinoma.
The results in the present study demonstrated
that equol obviously triggered G0/G1 phase cell cycle
arrest in MGC-803 cells. The G0/G1 phase is the first
phase of the cell cycle that takes place in eukaryotic
cell division and also a crucial checkpoint of cell
cycle. Progression through G0/G1 phase requires
both Cyclin D-dependent CDK4/CDK6 and CDK2/
[40]
Cyclin E holoenzymes . The results of this study
demonstrated that equol treatment down-regulated
the expression of Cyclin D1, CDK4, Cyclin E1, and
CDK2, a finding that confirmed a possible G0/G1
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Figure 7 effect of Akt inhibition on equol-exerted G0/G1 phase arrest and apoptosis. MGC-803 cells were pretreated with 20 μmol/L Ly294002 for 1 h prior to
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phase arrest in the treated MGC-803 cells. Cell cycle
progression is also coordinated by the relative balance
between the cellular concentrations of Cyclin-CDK
complexes and CDK inhibitors. It has become apparent
WAF1
that P21
is a universal inhibitor of Cyclin/CDK
[41]
catalytic activity . Our data clearly demonstrated
that equol treatment induced the up-regulation of
WAF1
P21
expression, thus accounting for its effect
on reduction in CDK activity and the subsequent
induction of cell cycle arrest. Taken together, the data
in our study suggest that the inhibitory effect of equol
on the proliferation of MGC-803 cells might result from
cell cycle arrest during the G0/G1 phase.
It is well established that apoptosis and the genes
that control it have a profound effect on the malignant
phenotype and can be targeted for the therapy of
[42]
various malignancies . Accordingly, our results
demonstrating induction of apoptotic death by equol
could also be the mechanism that accounts for the
anti-proliferating effect of equol in MGC-803 cells. The
increase in the levels of Caspase-3 and PARP cleavage
suggested that equol-induced apoptosis induction
might be mediated by Caspases activation.
Although many studies have indicated the anti
proliferative activity of equol in terms of its capacity to
[21,38,43]
induce cell cycle arrest and cell apoptosis
, the
underlying molecular mechanism is still unclear. The
Akt signaling pathway plays a critical role in controlling
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cell survival and apoptosis. In recent years, increasing
data have proved that Akt signaling is frequently
[44]
activated in gastrointestinal tumors . Therefore, in
this study, we explored the effect of equol on the Akt
pathway. Usually, there are three major sites (Thr308,
Thr450, and Ser473) on Akt that are phosphorylated
in vivo. Akt appears to be basally phosphorylated
at Thr450, which is independent of PI3K, whereas
Thr308 and Ser473 are inducibly phosphorylated
after treatment of cells with extracellular stimuli
[45]
and dependent on PI3K activity . Our study
demonstrated that equol treatment increased P-Akt
(Ser473 and Thr308) at 12 and 24 h compared to
vehicle-treated control. Increased Akt activation was
shown to be associated with cell proliferation and
[46,47]
survival
. In certain circumstances, however, upregulation of Akt signaling could also play a role in cell
[31,34]
cycle arrest and apoptotic death
, and the exact
effect of which may be dependent on the cell type
[48]
and the stress condition . Our study demonstrated
that Ly294002, a specific PI3K inhibitor, effectively
inhibited Akt phosphorylation at Ser473 and Thr308,
as expected. In addition, Akt inhibition by Ly294002
could not prevent but led to enhanced G0/G1 arrest
and apoptosis. These results suggested that increased
Akt phosphorylation at Ser473 and Thr308 did
not contribute to equol-exerted antitumor activity.
Although equol could induce dephosphorylation of
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Akt at Ser473 and Thr308 after 48 h treatment,
since MGC-803 cells underwent cell cycle arrest and
apoptotic death early from 24 h, there was a time lag
of 24 h. Therefore, we speculated that equol exerted
antitumor activity in MGC-803 cells possibly not by
dephosphorylation of Akt at Thr308 and Ser473. On
the contrary, equol induced dephosphorylation of Akt
at Thr450 as early as 12 h, and the cells underwent
a parallel cell cycle arrest and apoptosis after 24 h.
Therefore, it is possible that equol induced cell cycle
arrest and apoptosis by dephosphorylation of Akt
at Thr450. Our study also demonstrated that equol
triggered degradation of Cyclin D1 and up-regulated
WAF1
the levels of P21
. Such a finding is consistent with
previous studies demonstrating that the activation of
Akt increased the expression of Cyclin D1, facilitating
[49]
the G1/S progression of cell cycle , and that the
inhibition of Akt pathway led to transcriptional
WAF1[50]
induction of P21
. Therefore, we speculated that
WAF1
Akt-CyclinD1 and Akt-P21
signaling axes might at
least partly account for the antiproliferative effect of
equol on MGC-803 cells. The detailed mechanisms of
how equol leads to dephosphorylation of Akt at Thr450
remains to be investigated.
Taken together, these findings indicate that equol
exhibits anti-tumor effects on human gastric carcinoma
cells by leading to G0/G1 cell cycle arrest and apoptotic
death, which might be mediated by dephosphorylation
of Akt at Thr450. The present study also demonstrated
the involvement of cell cycle regulators and end point
markers of apoptosis, including CDK2/4, Cyclin D1/E1,
WAF1
P21
, Caspase-3 and PARP cleavage. These findings
suggested that equol may be a novel candidate for
gastric cancer chemoprevention and therapy.
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METHODS: A total of 1118 cases (1990-2013) were
reviewed, with an emphasis on intraoperative blood
loss, postoperative bile leakage and fluid/abscess
formation, and adaptability to anatomical resection and
hepatectomy with hilar dissection.
RESULTS: The median intraoperative blood loss was
250 mL; postoperative bile leakage and fluid/abscess
formation were seen in 3.0% and 3.3% of cases,
respectively. Anatomical resection was performed in
275 cases, including 103 cases of hilar dissection that
required application of microwave coagulation near
the hepatic hilum. There was no clinically relevant
biliary tract stricture or any vascular problems due to
heat injury. Regarding the influence of cirrhosis on
intraoperative blood loss, no significant difference was
seen between cirrhotic and non-cirrhotic patients (P
= 0.38), although cirrhotic patients tended to have
smaller tumors and underwent less invasive operations.
CONCLUSION: This study demonstrated outcomes
of an extensive experience of hepatectomy using heat
coagulative necrosis by microwave tissue coagulator.
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Abstract
AIM: To present our extensive experience of
hepatectomy for hepatocellular carcinoma using a
microwave tissue coagulator to demonstrate the
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effectiveness of this device.

Core tip: This study represented the perioperative
results of 1118 cases of hepatectomy for hepatocellular
carcinoma by microwave tissue coagulator in a
single institute. Although this study did not include
comparative evaluation of two liver parenchyma
transection techniques, the precise analysis of more
than 1000 cases of hepatectomy over two decades
could provide significant information for the readers.
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adaptability to hepatectomies that needed hepatic
hilar dissection, and postoperative complications of
postoperative bile leakage and intra-abdominal fluid/
abscess formation.

MATERIALS AND METHODS
Patients and methods

INTRODUCTION
Hepatectomy using heat coagulative necrosis (HCN)
[1]
has been widely adopted, since Curro et al reported
promising data on the use of a radiofrequency
energy device (Habib 4X, RITA Medical System,
Mountain View, United Kingdom) to induce HCN in
liver parenchyma along the intended line of liver
[2,3]
resection . Several reports of hepatectomy using
radiofrequency energy-induced HCN confirmed
that there was decreased operative blood loss and
[4-6]
operative time . However, it is not a new method in
[7]
Japan and Southeast Asia; Tabuse et al published
a report on hepatectomy using a microwave tissue
coagulator (MTC; Microtaze, Alfresa-pharma, Tokyo,
Japan) to induce HCN in 1981. The basic concept
and estimated clinical benefits are virtually the same
between hepatectomies using radiofrequency- or
microwave energy-induced HCN and percutaneous
thermal tumor ablation using radiofrequency energy
and microwave energy. Hepatectomies using MTC
have increased in Western countries because new
microwave energy devices for liver resection have
been developed, and some of these devices have
been approved by certification bodies in Europe and
the United States such as CE marking and Center for
[8]
Devices and Radiological Health .
In Japan, there have been several small-scale
reports on clinical outcomes of hepatectomy using MTC
that showed notable results in reducing intraoperative
[9,10]
blood loss compared with traditional methods
.
However, liver resection for hepatocellular carcinoma
(HCC) using MTC has not become a gold standard
procedure. A possible reason could be that the use
of MTC is difficult in hepatectomy cases needing
meticulous hilar dissection because of the fear of
heat injury to major vasculature and intrahepatic bile
ducts. Moreover, the risk of postoperative bile leakage
and intra-abdominal fluid/abscess formation - due to
insufficient closure of small intrahepatic bile ducts by
HCN and the presence of remnants of the coagulated
tissue - was thought to be high, although there was
no solid evidence of an increased incidence of these
complications. These concerns are problems that are
common to thermal devices used for hepatectomy.
During the past three decades, we performed
hepatectomies using MTC in more than 1000 cases of
HCC, which included major and minor hepatectomies.
Here, we present our extensive surgical experience,
with an emphasis on intraoperative blood loss,
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The records of 1175 patients who underwent
hepatectomies using HCN induced by MTC from
1990 to 2013 were reviewed. Of these patients, 42
patients who underwent laparoscopic liver resection
were excluded, and 15 patients with missing data
on preoperative treatment history, operative results,
and major histopathologic characteristics such as
tumor size and number were also excluded from
the study. A total of 1118 patients were included in
this retrospective, cohort study and data on their
clinicopathological characteristics were collected. The
study protocol was approved by the Human Ethics
Review Committee of Toranomon Hospital.
The indications for hepatectomy were basically
the same as those recommended in the ConsensusBased Clinical Practice Manual of the Japan Society of
[11]
Hepatology . Patients with hepatitis B infection were
defined as those who were seropositive for hepatitis
B virus surface antigen, and patients with hepatitis
C were defined as those who were seropositive for
hepatitis C virus antibody.
Whether a curative hepatectomy was achieved or
not was evaluated immediately after the operation.
Resection was deemed curative if macroscopic tumor
clearance was achieved (R0 and R1). Non-curative
cases were those with R2 resection and the following
resections: (1) hepatectomy with simultaneous local
ablation of HCC that could not be removed surgically;
and (2) hepatectomy with portal and/or IVC thrombus.
The operative procedures and liver segment were
defined according to the Brisbane 2000 system of
[12]
nomenclature for hepatic anatomy and resections .
As an operative procedure, anatomical liver resection
(AR) was defined as the resection of HCC together
with related portal veins and corresponding territory.
For tumors located centrally and/or those close to the
major vessels, we performed an AR as appropriate. For
tumors located peripherally or those with extrahepatic
growths, we preferred limited non-anatomical
resection (NAR). In our institute, there was a time
period in which fresh frozen plasma (FFP) was routinely
administered to patients after hepatectomy for HCC;
we therefore divided the analysis of blood transfusion
requirement into two time periods (1990-2003 and
2004-2013).
Postoperative complications were basically graded
according to the Clavien-Dindo classification, and
every case with a grade Ⅱ or higher complication was
[13]
recorded as having a postoperative complication .
In this study, perioperative blood transfusion was not
recorded as a class Ⅱ complication and was reported
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A

B

C

D
Burned needle tract line

Figure 1 The microwave tissue coagulator and transection techniques. A: The generator and needle antenna of the microwave tissue coagulator; B: Repeated
insertion along the intended resection line; C: An additional coagulative session during transection; D: The burned needle tracts can be used as landmarks for the
transection plane.

separately because of the above-mentioned reason.
Postoperative bile leakage was defined as the presence
of an intra-abdominal fluid collection that was identified
as bile macroscopically. Intra-abdominal fluid/abscess
formation was defined as a fluid collection with an
inflammatory reaction without obvious bile leakage.

Study design

Operative results such as intraoperative blood loss,
the need for a blood transfusion, and postoperative
complications including death, bile leakage and intraabdominal fluid/abscess formation in two time periods
(1990-2003 vs 2004-2013) were compared, as well as
the presence of cirrhosis, and the resection procedure
(AR vs NAR). The cumulative recurrence-free and
overall survival rates of 749 patients who underwent
primary curative hepatectomy without previous
treatment were investigated to determine whether the
use of MTC influenced long-term prognosis.

Microwave tissue coagulator

Basic information on the MTC has been reported in
detail by Tabuse who is the medical pioneer in the
[14]
surgical applications of MTC . The MTC system
consists of a microwave generator, a handpiece and
a reusable needle antenna that can be adjusted in
length from 10 mm to 45 mm (Figure 1A). There is an
attachment device that changes the antenna angle to
90 degrees. This surgical tool is based on the principle
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that microwave irradiation of tissue with a frequency
of 2450 Mhz (corresponding wavelength of 12 cm) via
a monopolar antenna produces heat due to energy
produced by the vibration of polar molecules in protein
and water. The generation of heat will be limited to
the electromagnetic field around the antenna, and
the coagulation field is determined by the relationship
between antenna length and tissue permittivity. In
our experience, an area of liver parenchyma with a
radius of approximately 5 mm around the antenna
was coagulated in one session. Each coagulation
session consisted of 30 to 45 s of coagulation and 5 s
of dissociation.

Hepatectomy procedure

After laparotomy, the liver was mobilized according
to the size and site of the lesion. An intraoperative
ultrasonography was always performed before
liver resection to reveal the presence of previously
undetected lesions and the relationship between tumor,
major structures such as Glisson’s sheath, and the
hepatic vein. The resection line was determined using
ultrasonography and marked. Basically, the resection
margin width was 10 mm from the tumor edge and
it was altered according to the tumor characteristics
and remnant liver function. The liver tissue was then
coagulated by repeated insertion of the monopolar
MTC needle electrode along the intended resection
line (Figure 1B). The depth from the liver surface to
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it was mainly used in major hepatectomies or for
controlling bleeding from the transection surface.

Table 1 Patient demographics and tumor characteristics
Characteristics

n (%)

Statistical analysis

Patient-related factors
Sex (M/F)
882/236
Age (range) (yr)
63 (28-87)
Etiology
Hepatitis B infection
294 (26)
Hepatitis C infection
648 (58)
Hepatitis B and C infection
12 (1)
Alcohol abuse
34 (3)
Others
136 (12)
Operative situation
Primary curative hepatectomy without previous treatment 749 (67)
Primary curative hepatectomy with previous treatment
108 (10)
Primary non-curative hepatectomy
119 (11)
Second hepatectomy
123 (11)
Three or more hepatectomies
19 (2)
Baseline liver function
Serum platelet count < 105 (μL)
309 (28)
Child-Pugh grade A
985 (88)
Child-Pugh grade B/C
131/2 (12)
Liver cirrhosis1
656 (59)
Pre-operative AFP value (ng/mL)
< 20
612 (55)
≥ 20, < 100
244 (22)
≥ 100, < 400
116 (10)
≥ 400
131 (12)
Tumor-related factors
Tumor size (mm)
22 (2-250)
≤2
502 (45)
< 2, ≤ 5
519 (46)
>5
97 (9)
Solitary tumor
922 (82)
Poorly differentiated
233 (21)
Microscopic vascular invasion
270 (24)
Macroscopic vascular invasion
25 (2)

Data were analyzed using SPSS software version 21
(IBM SPSS, Chicago, IL, United States). All clinical
and pathological features were categorized as either
continuous or categorical variables. Continuous
variables were summarized as medians and ranges.
The Mann-Whitney U test was used to compare
2
continuous variables between the two groups. The χ
or Fisher’s exact test was used to compare categorical
variables as appropriate. Cumulative overall survival
and recurrence-free survival were determined by
the Kaplan-Meier method. A P value of < 0.05 was
considered statistically significant.

RESULTS

1

The differentiation grade was based on the most poorly differentiated
component in the entire specimen. AFP: Alpha-fetoprotein; DCP: Desgamma-carboxyprothrombin.

the major Glisson’s sheath and the hepatic vein was
precisely determined by ultrasonography and direct
puncture of these structures was avoided. The tip of
the antenna is blunt, and the surgeon can easily sense
the contact of the tip with Glisson’s sheath or major
vasculature, so that the antenna can be pulled out and
the insertion angle changed. We inserted the antenna
5 to 10 mm away from major vasculature and bile
duct according to the precise vascular map obtained by
intraoperative ultrasonography to avoid heat injury to
these structures. The coagulated liver parenchyma was
divided by forceps and scissors, and additional HCNs
were performed when the parenchymal transection
reached the non-coagulated parenchyma as appro
priate (Figure 1C). The major and approximately 3-5
mm or more size Glisson’s sheath and hepatic vein
greater than 5 mm were not coagulated unless the
antenna was directly inserted into these structures.
When those structures were exposed, they was ligated
or sealed by ultrasonically activated scalpel or the
vessel sealing system.
The Pringle maneuver was not employed routinely;
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The clinicopathological characteristics of the 1118
patients are shown in Table 1. In regards to patient
characteristics, 79% were men and the median age
at the time of hepatectomy was 63 years old (range
28-83 years). Of the 1118 patients, 976 (87%)
underwent a primary hepatectomy, 123 (11%)
underwent a second hepatectomy, and 19 (2%)
underwent a third or more hepatectomies. The main
etiologies of HCC were hepatitis C virus infection
(60%), hepatitis B virus infection (25%) or alcohol
abuse (3%). Regarding baseline liver function, most
patients had Child-Pugh grade A liver function (88%)
and 131 patients had grade B (12%). Only two ChildPugh grade C patients underwent a hepatectomy.
Histologically proven liver cirrhosis was seen in 59% of
patients, and 74% showed F3 or F4 stage liver fibrosis.
With respect to tumor-related characteristics, the
median maximum tumor diameter was 22 mm (mean,
28.0 ± 21.0 mm). Eighty-two percent of patient
underwent hepatectomy for a solitary tumor and 85%
of patients met the Milan criteria (945/1118). A poor
histological differentiation grade was seen in 21% of
cases and microscopic vascular invasion was seen in
24%.
Information on the type of operation and weight
of the resected specimen is shown in Table 2. Major
hepatectomy was performed in only 4% of cases.
One hundred and three cases needed hepatic hilar
dissection and AR was performed in 275 patients.
Seventy-five percent of operations were NAR, and as
a result, 49% of the cases had less than 50 g of tissue
resected.
The intra- and postoperative results are shown
in Table 3. The median operative time was 165 min
(range, 40-685 min; mean, 178 ± 76 min), and the
median operative blood loss was 250 mL (range,
5-58515 mL; mean, 497 ± 1900 mL). The Pringle
maneuver was required in 18% of all cases and 14%
of cases with cirrhosis, and the median occlusion time
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Table 2 Patient demographics and tumor characteristics

Table 3 Perioperative results and postoperative complications
Intraoperative results
Operative time (min)
median (range)
mean ± SD
Intraoperative blood loss (mL)
median (range)
mean ± SD
Required Pringle maneuver
Required intraoperative blood transfusion
Red blood cell transfusion
Plasma transfusion
Postoperative results
Required postoperative blood transfusion
Red blood cell transfusion
Plasma transfusion
Complications
Class Ⅱ1
Class Ⅲ
Class Ⅳ
Class Ⅴ
Perioperative blood transfusion

n (%)
Operative procedure
Major hepatectomy
Right hepatectomy
Left hepatectomy
Right trisectionectomy
Left trisectionectomy
Central bisectionectomy
Minor hepatectomy
Right anterior sectionectomy
Right posterior sectionectomy
Left medial sectionectomy
Left lateral sectionectomy
Bisegmentectomy
Segmentectomy
2
3
5
6
7
8
Sectionectomy or segmentectomy + limited resection
Limited resection
Multiple site
Single site
Weight of the resected specimen (g)1
< 50
≥ 50, < 100
≥ 100, < 250
≥ 250, < 500
≥ 500

42 (4)
15
20
2
2
3
26
23
12
47
2
123 (11)
4
11
22
27
12
29
18
843 (75)
126
717

Surgical wound infection
Intra-abdominal fluid collection and/or abscess
formation
Uncontrollable ascites
Bile leakage
Pneumonia and/or atelectasis
Postoperative bleeding
Uncontrollable pleural effusion

542 (49)
243 (22)
195 (18)
87 (8)
35 (3)

165 (40-685)
180 ± 77
255 (5-58515)
504 ± 1890
200 (18%)
300 (26%)
88 (9%)
281 (45%)
369 (32%)
111 (10%)
356 (31%)
120
72
14
10
438
58
37
36
33
23
15
14

1

Perioperative blood transfusion was excluded from this category.

1

Data was uncertain in 16 cases.

was 13 min (range, 1-80 min). A positive resection
margin in the pathological specimen (R1 resection)
was seen in 11% of cases. Intra- and postoperative
blood transfusions were required in 26% and 32% of
cases, respectively. The overall perioperative blood
transfusion rate reached 39%. However, when the
study period was divided into two time periods, the
rate of perioperative transfusion decreased from
66% (1990-2003) to 18% (2004-2013) (Table 4).
Postoperative complications other than requirement
of blood transfusion occurred in 19% of patients. The
overall mortality rate was 0.9% (10/1118). Three
patients died of postoperative liver failure, three died
of postoperative liver abscess, two died of liver failure
that was induced by postoperative pneumonia, one
patient died of rupture of varices, and one patient died
of intraoperative massive bleeding. The most common
complication was surgical wound infection, which
occurred in 5% of cases. Postoperative bile leakage
occurred in 33 patients (3.0%) and intra-abdominal
fluid/abscess formation was seen in 37 patients (3.3%).
The complication rate in the group of 749 cases with
no previous treatment that underwent a primary
curative operation was 20%, while death, bile leakage,
and intra-abdominal fluid/abscess formation occurred
in 1.1%, 2.8%, and 3.5% of cases, respectively.
The results of subgroup analyses that closely
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examined the characteristics of hepatectomy using
MTC are shown in Table 4. Comparison of the two time
periods revealed that the proportion of cases requiring
intra- and postoperative blood transfusion significantly
decreased in the later period except for those requiring
intra-operative red blood cell transfusions. Regarding
the influence of cirrhosis on intraoperative blood loss,
no significant difference was seen between cirrhotic
and non-cirrhotic patients, although cirrhotic patients
tended to have smaller tumors and underwent less
invasive operations. AR was performed in 275 patients
(25%) and the median intraoperative blood loss was
528 mL, which was approximately double the amount
for NAR. Postoperative bile leakage and intraoperative
fluid/abscess formation occurred in 4.4% and 4.4% of
cases, respectively. Although this group included 103
cases that underwent hepatic hilum dissection that had
HCN near the hepatic hilum (Figure 1D), there was no
clinical relevant postoperative biliary tract stricture or
vessel aneurysm due to heat injury to Glisson’s sheath
or the major hepatic vein.
The recurrence-free survival and overall survival
curves of the 749 patients who had no previous
treatment and underwent primary curative resection
are shown in Figure 2. The 1-, 3-, and 5-year
recurrence-free survival rates were 84%, 56%, and
40%, respectively. The 3-, 5-, and 10-year overall
survival rates were 88%, 78%, and 49%, respectively.
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Table 4 Subgroup analyses of perioperative variables
P value

Time period

Presence of cirrhosis

P value

Operative procedure

P value

1990-2003

2004-2013

LC

Non-LC

AR

NAR

511

607

656

462

275

843

64
51

54
58

< 0.01
0.02

NA
48

NA
66

38
83

65
46

< 0.01

< 0.01

175
272
23
12
45
8
44

155
242
25
11
10
7
7

< 0.01
0.11
1.00
0.78
< 0.01
0.18
< 0.01

160
250
16
12
29
8
27

173
270
37
10
21
7
19

< 0.01
0.38
< 0.01
0.39
< 0.01
0.73
< 0.01

220
528
NA
9
34
16
31

153
203
NA
12
5
5
21

< 0.01
< 0.01

n
Preoperative factors
Presence of cirrhosis (%)
Tumor > 2 cm (%)
Intraoperative results
Operative time (min)
Intraoperative blood loss (mL)
Anatomical resection
R1 resection (%)
Intraoperative BT required (%)
Red blood cell transfusion (%)
Plasma transfusion (%)
Postoperative results
Postoperative BT required
Red blood cell transfusion
Plasma transfusion
All complications1
Death
Bile leakage
Intra-abdominal abscess formation

56
15
55
18
1.4
3.7
4.3

12
4
10
14
0.5
2.3
2.4

< 0.01
< 0.01
< 0.01
0.08
0.20
0.21
0.10

37
11
36
17
1.4
2.3
3.2

24
7
23
16
0.2
3.9
3.5

< 0.01
0.04
< 0.01
0.63
0.053
0.72
0.06

39
15
38
20
1.4
4.4
4.4

0.33
< 0.01
< 0.01
< 0.01

29
7
28
15
0.7
2.5
3.0

< 0.01
< 0.01
< 0.01
0.10
0.27
0.15
0.25

1

1.0

1.0

0.8

0.8
Overall survival

Recurrence-free survival

Perioperative blood transfusion was excluded. BT: Blood transfusion; LC: Liver cirrhosis; AR: Anatomical resection; NAR: Non-anatomical resection R1,
positive resection margin in histological specimen.

0.6
0.4
0.2

0.4
0.2

0.0

Number
at risk

0.6

0.0
0

2

749

  414

4
6
Years after resection
231

130

8

10

82

51

Number
at risk

0

2

749

  597

4
6
Years after resection
429

294

8

10

190

125

Figure 2 Recurrence-free and overall survival curves of patients with primary curative hepatectomy.

The local recurrence rate in primary curative hepatec
tomy was 3.4% in R0 resection, and 8.4% in R1
resection.

DISCUSSION
MTC has been used in hepatectomies extensively in
Japan and Southeast Asian countries because this
device can reduce intraoperative blood loss remarkably
without using an inflow control. The excellent operative
results without using an inflow control benefit patients
with underlying liver dysfunction and those with
anemia, low serum platelet count, and coagulopathy.
Although microwave energy has been used in
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tumor ablation treatment, a microwave energy device
for hepatectomy had not been available in Western
countries until recently. Recent successful liver
resections using radiofrequency energy to induce HCN
encouraged the development of microwave energy
devices in Western countries, and this development
has been noted recently.
The excellent intraoperative blood loss control by
MTC during liver parenchyma resection was reported
more than 10 years ago. Our results were compatible
with those reported in the past and the results of
liver resection using HCN induced by radiofrequency
[9,10]
energy
. Although most of our operations were
minor liver resections, the median blood loss of 250
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Table 5 Summary of large-scale studies on hepatectomy for hepatitis C virus
Transection
method

n

UD

Study period

Etiology

LC

OT
(median/mean)

OBL
(median/mean)

MTS

BL/AFC

5-yr
RFS/OS

Authors

Ref.

398

1983-1997

52

-

-/1848

5.0 cm

Hanazaki

[15]

154

1991-1999

65

-

-

-

3.2/5.8

23/34

-

37/-

Fong et al

[16]

MTC

214

1992-2001

47

273/284 min

1010/1628 mL

3.9 cm

13%/-

28/58

Satoi

[10]

CC/UD
RFAR

532
168
55

1994-2002
1999-2003
2001-2007

66
100

-/165

-/635 mL
-/322 mL
-/22

5.1 cm
-

9.0/8.4
< 1%/< 1%
1.8/9.0

-/47/61
-/-

Imamura et al
Shi et al
Curro et al

[17]
[18]
[2]

UD

359

2001-2010

-

-/291

-/1288

-

12.8/8.6

-/-

Sadamori

[19]

1118

1990-2013

HBV 22
HCV45
HBV 24
HCV 6
HBV 17
HCV 72
HBV 24
HCV 38
HBV 34
HCV 45
HBV 25
HCV 60

59

165/178 min

250/497 mL

2.2 cm

3.1/4.4

40/78

Present study

MTC

LC: Liver cirrhosis; OT: Operative time; OBL: Operative blood loss; MTS: Median tumor size; BL: Bile leakage; AFC: Intra-abdominal abscess/fluid
formation; RFS: Recurrence-free survival; OS: Overall survival; UD: Ultrasonic dissector; MTC: Microwave tissue coagulator; CC: Clamp crash; RFAR:
Radiofrequency-assisted resection; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

mL among more than one thousand cases was an
outcome that was better than those in large series
of hepatectomies for HCC using other resection
[2,10,15-19]
techniques
(Table 5). Given that most of our
patients had underlying liver dysfunction and 59%
had histologically proven cirrhosis, our large-scale
study clearly showed that MTC is effective in reducing
intraoperative blood loss without using inflow control in
hepatectomies for HCC. Moreover, a subgroup analysis
showed that the intraoperative blood loss in cirrhotic
patients was not significantly different from those
without liver cirrhosis. The control of intraoperative
blood loss without using inflow control, especially in
patients with liver damage, is the biggest concern with
techniques for liver parenchymal transection because it
is closely related to postoperative short- and long-term
prognoses of HCC. The effectiveness of MTC in these
patients has been reported and our results confirmed
[9,10]
its effectiveness
.
Despite the superior control of intraoperative blood
loss during liver parenchyma resection, the use of
MTC in liver resections has decreased gradually in
Japan as its use near the hepatic hilum and/or major
vasculature was regarded to be technically difficult
because of the potential risk of heat injury to these
structures. Moreover, MTC was considered to increase
postoperative bile leakage and resection surface
abscess due to infection of the remnants of heatcoagulated tissue. However, both concerns have not
been fully investigated by examining large patient
numbers in the past; this study therefore focused on
those complications.
Our study dispelled the misconception about heat
injury to major vasculature and the hepatic hilum.
This series included 275 cases of AR that needed HCN
near the major Glisson’s sheath and major hepatic
vein, and there were 103 cases of hepatectomy
that needed hepatic hilum dissection. None of them
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showed relevant clinical postoperative vascular and
biliary tract problems due to heat injury. Recently,
several studies from other institutes also reported
the safety and effectiveness of hepatectomy using
HCN in AR including cases that needed hepatic hilar
[20,21]
dissection
. It is true that expert knowledge
about intrahepatic anatomy and a certain amount
of experience of liver resection are needed if MTC is
used near the hepatic hilum, and surgeons have to
pay close attention to avoid direct puncture of the first
and second branch of Glisson’s sheath or the main
branch of the hepatic vein. However, considering that
experienced hepatologists can perform percutaneous
tumor ablation treatment by using radiofrequency
energy and microwave energy near the hepatic hilum
or major hepatic vein, it would be easy to understand
that experienced surgeons can perform antenna
insertion under direct visual and intraoperative
ultrasonography guidance without injury to the major
[22,23]
Glisson’s sheath or major hepatic vein
. Moreover,
the abundant blood flow of the major vasculature
takes away heat energy, known as the “heat sink”
effect, which might decrease heat injury to those
structures unless they are punctured directly. Ng
[24]
et al
reported that blood inflow occlusion during
thermal ablation near the hepatic hilum caused bile
duct injury and portal vein thrombosis. We therefore
do not recommend the use of HCN near the hepatic
hilum during blood inflow occlusion.
Intraoperative ultrasonography technique is
critically important in determining the transection
plane in AR using MTC. In cases of AR using MTC,
we could not expose the hepatic vein every time
because our intended resection plane is about 5 mm
[25,26]
away from the major hepatic vein
. Therefore, we
could not use the major hepatic vein as a landmark
of the transection plane. Both in-depth simulation of
the resection plane by ultrasonography and precise
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chasing of the burnt black needle tract line (Figure 1D)
are tips for performing AR using MTC.
Regarding postoperative bile leakage and intraabdominal fluid/abscess formation, our results did
not show a remarkable difference compared with
previous large-scale reports. The reported incidence of
bile leakage after hepatectomy for liver malignancies
without biliary reconstruction in recent large series
ranged from less than 1% to 12.8%, although the
definitions of postoperative bile leakage and tumor
characteristics in each study were not consistent (Table
5). The overall incidence of bile leakage in our study,
using our definition, was 3.0% overall and 4.4% in
the group of patients who underwent AR. Considering
the liver parenchyma transection area, the observed
increase in the incidence of postoperative bile leakage
in AR was not unexpected, and our results were
compatible with those in previous reports (Table 5).
Regarding postoperative intra-abdominal fluid/abscess
formation, it is understandable that HCN tissue
remnants of 5 mm thickness seemed to have caused
postoperative infectious complications. Our results
were not remarkably different from previous studies
that focused on postoperative fluid/abscess formation
(Table 5). Although this study did not compare
other parenchyma transection devices, our findings
examining a large number of patients were compatible
with those of previous reports using non-HCN devices
with respect to postoperative bile leakage and fluid/
abscess formation. Possible reasons for the lower rate
of bile leakage and fluid/abscess formation in our
study include the higher proportion of non-anatomical
limited resections compared with other studies and the
retrospective study design. The shorter operative time
and smaller operative blood loss might also decrease
the risk of postoperative bile leakage because these
operative results were reported as significant risk
factors for postoperative bile leakage in a previous
[19]
study . Moreover, meticulous ligation of exposed
Glisson’s sheath approximately 3-5 mm in diameter
would result in a lower bile leakage rate. Subsequently,
the low postoperative bile leakage rate would result
in a decrease in the incidence of postoperative fluid/
abscess formation because of their relation to bile
leakage.
The significant deviation of operative procedure
(more minor hepatectomy and less major hepatec
tomy) in the present study needs to be assessed.
There were two clear reasons: one is the unique
characteristic of our study population. Most of our
patients had underlying liver disease with impaired
liver function, and they were therefore closely followed
up and received HCC screening examinations. As a
result, many of the HCCs that were detected were
small and solitary, and the indicated procedure tended
to be non-anatomical limited resection. The other
reason is our policy of hepatectomy for HCC in patients
with multicentric carcinogenic potential. Although some
surgeons believe that AR with strict exposure of the
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hepatic vein should be applied in every case if possible,
we believe that minimizing the extent of resection and
preserving remnant liver function would benefit overall
survival in patients with multicentric carcinogenic
potential. Consensus on the treatment strategy for
HCC in patients with multicentric carcinogenesis
potential has not been reached. The postoperative
overall survival rates in the present study were
compatible with those in previous large-scale reports,
and our results justify our treatment strategy.
With respect to study limitations, the current study
was retrospective in its study design with a wide period
of recruitment and it analyzed patients in a single
center. Moreover, the current study was not designed
to compare the postoperative results of MTC with
those of other devices, and therefore, the reduction
in blood loss and complications was not verified
statistically. Comparing the incidence of postoperative
bile leakage and fluid/abscess formation in our study
with those of other studies might be inaccurate
because patient characteristics and definition were
not consistent. However, we think that the small blood
loss and the low complication rate among more than
1000 hepatectomies are worth reporting because our
study is the biggest study on single liver parenchyma
transection technique.
Differences between the use of radiofrequency
energy and microwave energy to induce HCN in
hepatectomy were not examined in this study. A
direct comparison study of liver resection using
radiofrequency energy and microwave energy does not
exist. In contrast, there are reports comparing these
two energies to induce coagulation in percutaneous
[27,28]
tumor ablation
. However, whether radiofrequency
energy is superior to microwave energy with respect to
the size of the coagulated area, local tumor control and
safety has not been fully explored in those studies. A
direct comparison of the two thermal ablation energies
for hepatectomy is needed to determine the superiority
of one energy over the other in hepatectomy.
In conclusion, this study demonstrated an extensive
experience of hepatectomy using HCN by MTC.
Although the current study did not directly compare
with other transection techniques, the prevalence of
postoperative fluid/abscess formation and bile leakage
seemed to be consistent with that seen in other largescale studies reported in the past.
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Abstract
AIM: To investigate the microbiological characteristics
and drug resistance in liver cirrhosis patients with
spontaneous peritonitis.
METHODS: We analyzed the data of patients with liver
cirrhosis and abdominal infection at the First Affiliated
Hospital of Zhejiang University between January
2011 and December 2013. Pathogens present in the
ascites were identified, and their sensitivity to various
antibiotics was determined.
RESULTS: We isolated 306 pathogenic bacteria from
288 cases: In 178 cases, the infection was caused by
gram-negative strains (58.2%); in 85 cases, grampositive strains (27.8%); in 9 cases, fungi (2.9%);
and in 16 cases, more than one pathogen. The main
pathogens were Escherichia coli (E. coli ) (24.2%),
Klebsiella pneumoniae (18.9%), Enterococcus spp.
(11.1%), and Staphylococcus aureus (7.5%). Of
the 306 isolated pathogens, 99 caused nosocomial
infections and 207 caused community-acquired and
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other infections. The E. coli and K. pneumoniae strains
produced more extended-spectrum β-lactamases in
cases of nosocomial infections than non-nosocomial
infections (62.5% vs 38%, P < 0.013; 36.8% vs
12.8%, P < 0.034, respectively). The sensitivity to
individual antibiotics differed between nosocomial and
non-nosocomial infections: Piperacillin/tazobactam was
significantly more effective against non-nosocomial E.
coli infections (4% vs 20.8%, P < 0.021). Nitrofurantoin
had stronger antibacterial activity against Enterococcus
species causing non-nosocomial infections (36.4% vs
86.3%, P < 0.009).
CONCLUSION: The majority of pathogens that cause
abdominal infection in patients with liver cirrhosis are
gram-negative, and drug resistance is significantly
higher in nosocomial infections than in non-nosocomial
infections.
Key words: Liver cirrhosis; Spontaneous peritonitis;
Drug sensitive test; Drug resistance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Monitoring drug resistance in cases of
abdominal infection with liver cirrhosis is important
for establishing appropriate antibiotic regimes,
reducing the generation of drug-resistant bacteria
and reducing the associated mortality. Therefore,
this study addressed two primary issues regarding
spontaneous peritonitis in cirrhotic patients in China:
first, the pathogen profile and, second, drug resistance,
and determined the differences between nosocomial
infections and non-nosocomial infections. Based on
these findings, clinicians can select the appropriate
antibiotic treatment to control the emergence and
development of pathogenic bacteria-resistant strains in
intra-abdominal infections.
Li YT, Yu CB, Huang JR, Qin ZJ, Li LJ. Pathogen profile and
drug resistance analysis of spontaneous peritonitis in cirrhotic
patients. World J Gastroenterol 2015; 21(36): 10409-10417
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i36/10409.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i36.10409

INTRODUCTION
Decompensated liver cirrhosis affects 25% to 47%
of the population, and ascites is the most common
complication; it is characterized by decreased immune
function, which consequently leads to abdominal
cavity, blood, lung, urinary tract and other infections
that worsen with time and have a high fatality
[1,2]
rate . Studies have shown that decreased immunity
combined with weak intestinal motility, increased
intestinal permeability, reduced secretion of intestinal
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antimicrobial peptides and other factors are likely
to lead to bacterial translocation in patients with
[3-5]
decompensated cirrhosis . Spontaneous bacterial
peritonitis is a common infection; it causes further
deterioration of liver function, multi-organ failure and
sepsis, which are associated with poor prognosis and a
[6-9]
low survival rate . The mortality rate associated with
multiple organ failure and septicopyemia caused by
[10-12]
spontaneous bacterial peritonitis is still over 75%
.
Therefore, antibiotic therapy for spontaneous peritonitis
has become an important means of improving the
survival rate in patients with cirrhosis.
Third-generation cephalosporins are mainly used
for the treatment of spontaneous bacterial peritonitis;
however, it was shown that cefotaxime, one of the
most commonly used cephalosporins, had a lower
[13]
success rate than expected . This is probably
attributable to the emergence of antibiotic-resistant
pathogen strains. While earlier reports showed that
70% of the cases of spontaneous bacterial perito
nitis were caused by gram-negative bacteria such
[14]
Escherichia coli (E. coli) and Klebsiella pneumoniae ,
this bacterial profile has begun to change and the
emergence of resistant bacterial species has been
indicated. In recent years, the incidence of grampositive abdominal infections in patients with decom
pensated cirrhosis has increased significantly; this
phenomenon is attributed to the use of antibiotics
that alter the intestinal flora such that it is conducive
[15-17]
to the translocation of gram-positive bacteria
.
Another study has attributed the increasing incidence
of gram-positive bacterial peritonitis to increased
resistance to quinolones, such as norfloxacin, which
are also commonly used for the treatment of this
[18]
infection . Thus, it is important to study in detail
the pathogen profiles in spontaneous bacterial
peritonitis and resistance of the pathogens to currently
used antibiotics. Based on this, clinicians can select
the appropriate antibiotic treatment to control the
emergence and development of pathogenic bacteriaresistant strains in intra-abdominal infections.
Although some studies have examined the patho
gen profiles and drug resistance in spontaneous
[19,20]
peritonitis
, there is definitely a need for new
and comprehensive data on the same. Therefore, in
this study, we retrospectively surveyed and analyzed
the types of pathogens and their drug resistance in
the ascites culture samples of 288 patients who had
cirrhosis with abdominal infection at our hospital
between January 2011 and December 2013.

MATERIALS AND METHODS
Clinical data

The medical ethics committee at The First Affiliated
Hospital of Zhejiang University School of Medicine
approved the protocol for the retrospective study
before the clinical data were collected. All cirrhotic
patients at our hospital between January 2011 and
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December 2013 were retrospectively analyzed.
Each case history was registered using a unified
registration form: the information included gender;
age; duration of hospitalization; medical history;
clinical manifestations; hospitalization course;
disease prognosis; and the results of abdominal
ultrasonography, abdominal paracentesis, routine
ascites test, ascites culture, liver function test, kidney
function test, blood coagulation test, and routine
blood examination. If the ascites culture results
obtained following abdominocentesis at 48 h after
admission was positive, this was considered to indicate
a nosocomial infection. If a patient repeatedly tested
positive for the same pathogen in the ascites culture
examination, only the first result was recorded. The
criteria for the diagnosis of spontaneous bacterial
peritonitis were positive ascites culture for bacteria and
neutrophil count in the ascites sample greater than
3[21]
250/mm .

Materials

The Bactec blood culture system produced by Becton
Dickinson (Mountain View, CA, United States) and
antibacterial agents, antimicrobial gradient strips and
media produced by Oxoid (Basingstoke, United Kingdom)
were used. The antibacterial agents included piperacillin/
tazobactam, ampicillin/sulbactam, gentamicin, amikacin,
imipenem, meropenem, ciprofloxacin, levofloxacin,
moxifloxacin, cefotaxime, ceftriaxone, cefoperazone/
sulbactam, cefepime, aztreonam, ceftazidime, penicillin
G, oxacillin, erythromycin, vancomycin, clindamycin,
tetracycline, rifampicin, and gentamicin, which were
used at high concentrations (120 μg). The test strips of
vancomycin used were purchased from AB BIODISK
(Solna, Sweden).

Susceptibility testing

The Kirby-Bauer (KB) method was used for drug
sensitivity testing on Müller-Hinton agar. The results
of the drug sensitivity tests were assessed according
to the standards of the US Clinical and Laboratory
Standards Institute (CLSI) in 2011. Methicillin-resistant
Staphylococcus aureus (S. aureus, MRSA) strains and
methicillin-resistant coagulase-negative staphylococci
(MRCNS) were identified using the standard method
for susceptibility testing of antimicrobial drugs
recommended by the National Committee for Clinical
Laboratory Standards (NCCLS) in 2003, except
that oxacillin was replaced by cefoxitin. S. aureus
ATCC25923, E. coli ATCC25922 and Pseudomonas
aeruginosa ATCC27853 were used as quality-control
strains. Paper screening for extended-spectrum
β-lactamases (ESBLs) and the enzyme inhibitor
enhanced paper confirmatory method recommended
by the US CLSI were used to examine ESBL production
in E. coli and K. pneumoniae.
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Statistical analysis

The variables were counting variables, and the
description of the count data is described by a ratio or
the rate of the data. The t test was used to analyze
2
measurement data, and the χ test was used to
analyze count data. P < 0.05 was considered to
indicate statistical significance. SPSS 17.0 was used for
all the statistical analyses.

RESULTS
Clinical characteristics

The clinical data of 6086 patients with liver cirrhosis
were gathered over the three-year study period.
Of these patients, 506 had abdominal infections,
excluding secondary abdominal infections (ascites fluid
3
neutrophil count was ≥ 250/mm , a positive ascites
fluid culture, and evidence of an intra-abdominal
source of infection, demonstrated by surgery, autopsy,
[22]
or abdominal CT) , according to the results of
the ascites neutrophil count and bacterial culture.
Spontaneous bacterial peritonitis was identified in 288
cases (198 male and 90 female patients; age range,
23-79 years; mean age, 55 ± 12.6 years), and 306
pathogens were isolated. Most patients had advanced
liver cirrhosis (68.9%, Child C; 28.6%, Child B; and
2.5%, Child A); the mean Child score was 10.5. A
few patients (less than 10%) had received preventive
quinolone treatment. Among the 288 patients, 208
had abdominal pain and fever, 22 had septic shock and
42 had multiple organ dysfunction syndrome. Fiftyone of the patients died at the end of the treatment.
9
In 137 cases, the WBC count was ≥ 10.0 × 10 and in
9
45 cases, the WBC count was ≤ 4.0 × 10 .

Isolation and characterization of pathogens

A total of 306 pathogens were isolated from the 288
cases: 178 patients were positive for gram-negative
bacteria (58.2%), 85 for gram-positive bacteria
(27.8%), 9 for fungi (2.9%), and 16 for more than
one pathogen. The main pathogens identified were E.
coli (74 strains, 24.2%), K. pneumoniae (58 strains,
18.9%), glucose non-fermenting bacteria (including
Acinetobacter baumannii and P. aeruginosa) (6.2%),
Enterococcus species (11.1%), coagulase-negative
staphylococci (CNS, 5.6%), S. aureus (7.5%), and
Streptococcus pneumoniae (3.6%). Among the 306
isolated pathogens, 207 strains caused communityacquired and other hospital-acquired infections in 206
patients (67.6%). Among the 206 patients, 82 had
hospital-acquired infections, in whom 99 strains were
identified (32.4%). A. baumannii, P. aeruginosa and
fungal pathogens caused a significantly higher number
of nosocomial than non-nosocomial infections (Table 1).
Six MRSA strains were detected [detection rate, 26.1%
(6/23)], and five MRCNS strains were detected [29.4%
(5/17)]. Fungal infections mainly occurred in patients
with nosocomial infections.
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Table 1 Distribution of the major pathogens in the ascites samples of 288 patients with spontaneous bacterial peritonitis between
2011 and 2013 n (%)
Pathogen

Total
(n = 306)

Non-nosocomial infection
(n = 207)

Nosocomial infection
(n = 99)

P value
2
(χ test)

178 (58.2)
74 (24.2)
58 (18.9)
10 (3.3)
9 (2.9)
17 (5.6)
10 (3.3)
85 (27.8)
34 (11.1)
23 (7.5)
17 (5.6)
11 (3.6)
9 (2.9)

113 (54.6)
50 (24.1)
39 (18.8)
2 (0.9)
2 (0.9)
12 (5.8)
8 (3.9)
58 (28.0)
22 (10.6)
16 (7.7)
12 (5.8)
8 (3.9)
2 (0.9)

65 (65.7)
24 (24.2)
19 (19.1)
8 (8.1)
7 (7.1)
5 (5.1)
2 (2.0)
27 (27.3)
12 (12.1)
7 (7.1)
5 (5.1)
3 (3.0)
7 (7.1)

0.06
0.98
0.94
0.001
0.003
0.79
0.39
0.89
0.69
0.83
0.79
0.71
0.004

Gram-negative bacteria
Escherichia coli
Klebsiella pneumoniae
Acinetobacter spp.
Pseudomonas aeruginosa
Enterobacter cloacae
Aerogenes spp.
Gram-positive bacteria
Enterococcus
Staphylococcus aureus
Coagulase-negative staphylococci
Streptococcus pneumoniae
Fungi
P < 0.05 was considered statistically significant.

Table 2 Drug resistance rate of major gram-negative bacteria to commonly used antibacterial agents
Escherichia coli
(n = 74)

Antibacterial agents

Klebsiella pneumoniae
(n = 58)

Strains Drug resistance rate Strains Drug resistance rate
(%)
(%)
Ampicillin/sulbactam
Piperacillin/tazobactam
Ceftriaxone
Cefepime
Cefoperazone/sulbactam
Ceftazidime
Amikacin
Gentamicin
Ciprofloxacin
Aztreonam
Imipenem
Meropenem

30
7
18
31
12
33
5
37
37
26
1
2

40.5
9.4
24.3
41.9
16.2
44.6
6.8
50
50
35.1
1.3
2.7

Drug tolerance of the isolated pathogens

23
8
20
15
17
17
3
12
16
13
7
4

39.7
13.8
34.5
25.9
29.3
29.3
5.1
20.7
27.6
22.4
12.1
6.9

Gram-negative bacteria: Imipenem, meropenem,
piperacillin/tazobactam, and amikacin showed good
antibacterial activity against E. coli and K. pneumoniae
in cases of abdominal infection (sensitivity rate, ≥
86.2%). Piperacillin/tazobactam was significantly more
effective against non-nosocomial E. coli infections;
gentamicin, cefoperazone/sulbactam, ceftriaxone, and
ampicillin/sulbactam were more effective against nonnosocomial infections caused by K. pneumoniae. The
sensitivity rates of P. aeruginosa and Acinetobacter
spp. were generally low; however, Acinetobacter spp.
showed greater drug tolerance than P. aeruginosa
(Table 2). Thirty-four E. coli strains that produced
ESBLs were detected [detection rate, 45.9% (34/74)],
and 12 K. pneumoniae strains that produced ESBL
were detected [detection rate, 20.7% (12/58)]. ESBL
was produced in more cases of nosocomial infections
than in non-nosocomial infections, and the sensitivity
of individual antibiotics differed between nosocomial
and non-nosocomial infections: Ampicillin/sulbactam
and ceftriaxone were significantly more effective
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Acinetobacter spp
(n = 10)

Pseudomonas aeruginosa
(n = 9)

Strains

Drug resistance rate
(%)

Strains

Drug resistance
rate (%)

8
6
8
7
4
7
2
6
7
6
6
7

80
60
80
70
40
70
20
60
70
60
60
70

7
3
9
3
3
3
1
2
3
4
3
2

77.8
33.3
100
33.3
33.3
33.3
11.1
22.2
33.3
44.4
33.3
22.2

against non-nosocomial K. pneumoniae infections
(23.1% vs 57.9%, P < 0.009; 28.2% vs 63.4%, P <
0.011) ( Tables 3 and 4).
Gram-positive bacteria: The antimicrobial activity
of vancomycin, nitrofurantoin and rifampin against
Staphylococcus spp. in abdominal infections was
strong, with a sensitivity rate of ≥ 87%. The
antimicrobial activity of gentamicin, clindamycin and
moxifloxacin was also strong, with a sensitivity rate
of ≥ 60.9%. Enterococcus spp. had drug resistance
to a variety of antibacterial agents, but vancomycin,
clindamycin and gentamicin had strong antibacterial
activity against Enterococcus spp., with a sensitivity
rate of ≥ 70.6%. Furthermore, nitrofurantoin had
stronger antibacterial activity against Enterococcus
spp. that caused non-nosocomial infections.
Vancomycin, rifampin, moxifloxacin and nitrofurantoin
had good antibacterial activity against S. pneumoniae,
with a sensitivity rate of ≥ 71.9%. The sensitivity of
individual antibiotics differed between nosocomial and
non-nosocomial infections: ofloxacin, levofloxacin,
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Table 3 Comparison of the drug resistance of Escherichia coli to commonly used antibacterial agents between nosocomial and nonnosocomial spontaneous bacterial peritonitis n (%)
Antibacterial agents

Non-nosocomial infections (n = 50)

ESBL test
Ampicillin/sulbactam
Piperacillin/tazobactam
Ceftriaxone
Cefepime
Cefoperazone/sulbactam
Ceftazidime
Amikacin
Gentamicin
Ciprofloxacin
Aztreonam
Imipenem
Meropenem

Nosocomial infections (n = 24)

19 (38.0)
11 (28.0)
2 (4.0)
7 (14.0)
17 (34.0)
4 (8.0)
16 (32.0)
2 (4.0)
17 (34.0)
18 (36.0)
11 (22.0)
1 (2.0)
0 (0)

15 (62.5)
12 (66.7)
5 (20.8)
11 (45.8)
14 (58.3)
8 (33.3)
17 (70.8)
3 (12.5)
20 (83.3)
19 (79.1)
15 (62.5)
0 (0)
2 (8.3)

P value (χ 2 test)
0.013
0.093
0.021
< 0.001
0.04
0.006
0.002
0.173
< 0.001
0.001
0.001
0.485
0.039

ESBL test: Extended-spectrum β-lactamase test. P < 0.05 was considered statistically significant.

Table 4 Comparison of the drug resistance of Klebsiella pneumoniae to commonly used antibacterial agents between nosocomial
and non-nosocomial spontaneous bacterial peritonitis n (%)
Antibacterial agents
ESBL test
Ampicillin/sulbactam
Piperacillin/tazobactam
Ceftriaxone
Cefepime
Cefoperazone/sulbactam
Ceftazidime
Amikacin
Gentamicin
Ciprofloxacin
Aztreonam
Imipenem
Meropenem

Non-nosocomial infections
(n = 39)

Nosocomial infections
(n = 19)

P value (χ 2 test)

5 (12.8)
11 (28.2)
3 (7.7)
9 (23.1)
8 (20.1)
8 (20.1)
10 (25.6)
2 (5.1)
5 (12.8)
10 (25.6)
8 (20.1)
4 (10.3)
2 (5.10)

7 (36.8)
12 (63.1)
5 (26.3)
11 (57.9)
7 (36.8)
9 (47.4)
7 (36.8)
1 (5.3)
7 (36.8)
6 (31.6)
5 (26.3)
3 (15.8)
2 (10.5)

0.034
0.011
0.054
0.009
0.183
0.035
0.098
0.983
0.034
0.635
0.619
0.544
0.446

ESBL test: Extended-spectrum β-lactamase test. P < 0.05 was considered statistically significant.

moxifloxacin and clindamycin were more effective
against S. aureus strains that caused non-nosocomial
infections. Nitrofurantoin had stronger antibacterial
activity against Enterococcus spp. that caused nonnosocomial infections (36.4% vs 86.3%, P < 0.009)
(Tables 5-7).

DISCUSSION
In this study, we isolated 306 pathogens from ascites
culture samples of 288 hospitalized patients with liver
cirrhosis and abdominal infection over a period of 3
years: gram-negative bacteria formed the majority
of the pathogens (58.2%), and mainly included E.
coli, K. pneumoniae, A. baumannii, A. hydrophila, P.
aeruginosa, Burkholderia cepacia and other glucose
non-fermenting bacteria. Other studies have also
shown that gram-negative bacteria formed the
majority of pathogens in patients with liver cirrhosis
[10,23]
complicated with spontaneous bacterial peritonitis
.
However, the findings from these studies, including
the present study, are in contrast to the more recent
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trends, which have shown an increase in the number
of infections caused by gram-positive bacteria. For
[24]
example, Alexopoulou et al
showed that 55%
of the spontaneous bacterial peritonitis cases in
cirrhotic patients were caused by gram-positive cocci.
[25]
Furthermore, Piroth et al showed that gram-positive
cocci formed the majority of pathogenic bacteria in
cases of spontaneous bacterial peritonitis and ascites;
the authors supposed that this was related to the use
of prophylactic antibiotics in patients with liver cirrhosis
(which altered the intestinal flora), the use of invasive
procedures and other factors. Our data showed that
the use of prophylactic antibiotics was not too high
in our group of patients with liver cirrhosis, which
probably explains why more gram-negative than
gram-positive bacteria were isolated.
Of the 306 isolated pathogens, 99 were responsible
for hospital-acquired infections (32.4%); this finding
[26]
was similar to that of Ariza et al , who found that
40.9% of cases of spontaneous bacterial peritonitis
were nosocomial infections. Our patient population
comprised a high number of cases with advanced
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Table 5 Drug resistance rate of the major gram-positive bacteria against commonly used antibacterial agents
Antibacterial agents

Penicillin
Oxacillin
Erythromycin
Cefazolin
Nitrofurantoin
Rifampicin
Clindamycin
Levofloxacin
Ciprofloxacin
Gentamicin
Moxifloxacin
Vancomycin

Enterococcus
(n = 34)

Staphylococcus aureus
(n = 23)

Coagulase-negative staphylococci
(n = 17)

Streptococcus pneumoniae
(n = 11)

Strains

Drug resistance
rate (%)

Strains

Drug resistance
rate (%)

Strains

Drug resistance rate
(%)

Strains

Drug resistance
rate (%)

26
23
19
25
18
5
8
28
26
10
14
2

76.5
67.6
55.9
73.5
52.9
14.7
23.5
82.4
76.5
29.4
41.1
5.9

21
12
14
13
2
3
6
10
11
3
9
0

91.3
52.2
60.9
56.5
8.7
13.0
26.1
43.4
47.8
13.0
39.1
0

15
13
12
10
1
2
6
7
8
4
5
0

88.2
76.5
70.6
58.8
5.9
11.8
35.3
41.2
47.1
23.5
29.4
0

10
7
8
7
2
1
4
4
6
2
2
0

90.9
63.3
72.7
63.3
18.1
9.1
36.4
36.4
54.5
18.1
18.1
0

Table 6 Comparison of the drug resistance of Enterococcus species to commonly used antibacterial agents between nosocomial and
non-nosocomial spontaneous bacterial peritonitis n (%)
Antibacterial agents

Non-nosocomial infections (n = 22)

Nosocomial infections (n = 12)

P value (χ 2 test)

16 (72.7)
14 (63.6)
10 (45.5)
14 (63.6)
8 (36.4)
3 (13.6)
5 (22.7)
18 (81.8)
18 (81.8)
4 (18.2)
7 (31.8)
1 (4.5)

10 (83.3)
9 (75.0)
9 (75.0)
11 (91.7)
10 (83.3)
2 (16.7)
3 (25.0)
10 (83.3)
8 (66.7)
6 (50.0)
7 (58.3)
1 (8.3)

0.486
0.498
0.097
0.077
0.009
0.812
0.881
0.912
0.320
0.052
0.133
0.645

Penicillin
Oxacillin
Erythromycin
Cefazolin
Nitrofurantoin
Rifampicin
Clindamycin
Levofloxacin
Ciprofloxacin
Gentamicin
Moxifloxacin
Vancomycin
P < 0.05 was considered statistically significant.

Table 7 Comparison of the drug resistance of Staphylococcus aureus to commonly used antibacterial agents between nosocomial
and non-nosocomial spontaneous bacterial peritonitis n (%)
Antibacterial agents
Penicillin
Oxacillin
Erythromycin
Cefazolin
Nitrofurantoin
Rifampicin
Clindamycin
Levofloxacin
Ciprofloxacin
Gentamicin
Moxifloxacin
Vancomycin

Non-nosocomial infections (n = 16)
15 (93.8)
6 (37.5)
9 (56.3)
8 (50.0)
2 (12.5)
2 (12.5)
2 (12.5)
4 (25.0)
5 (31.3)
2 (12.5)
3 (18.6)
0 (0)

Nosocomial infections (n = 7)
6 (85.7)
6 (85.7)
5 (71.4)
5 (71.4)
0 (0)
1 (4.3)
4 (57.1)
6 (85.7)
6 (85.7)
1 (4.3)
6 (85.7)
0 (0)

P value (χ 2 test)
0.529
0.033
0.493
0.340
0.328
0.907
0.025
0.007
0.016
0.907
0.002
NS

P < 0.05 was considered statistically significant; NS: Not significant.

cirrhosis (70.9% with Child C type). They had
severe fever, abdominal pain and other symptoms of
peritonitis.
In our study, the most predominant pathogen
was E. coli (24.2%), followed by K. pneumoniae
(18.9%) and then enterococci (11.1%). Moreover, the
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percentages of MRSA and MRCNS were 26.1% and
29.4% respectively. These findings are similar to some
recent and older studies on the pathogen profile of
[19,20,24,25]
spontaneous bacterial peritonitis
. Furthermore,
fungal pathogens caused 2.9% of the infections, which
[27]
was similar to a previous report . It is therefore
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important to start anti-fungal treatment as soon as
fungal species are discovered in the ascites culture of
cirrhotic patients with peritonitis.
Our data showed that resistance of the major gramnegative as well as gram-positive bacteria to thirdgeneration cephalosporins was higher in nosocomial
infections than in non-nosocomial infections, which
[28]
is in agreement with Song et al ’s findings and a
[20]
recent study by Sheikhbahaei et al . Imipenem,
meropenem, piperacillin/tazobactam, and amikacin
had good antibacterial activity against E. coli and
K. pneumoniae in abdominal infections (sensitivity
rate, ≥ 86.2%). However, E. coli and K. pneumoniae
showed high resistance against gentamicin, ampicillin
and cephalosporins; this is in keeping with the recent
[19]
trend observed by Park et al . Therefore, the findings
indicate that preference should be given to the first
group of antibiotics when treating cirrhotic patients
with peritonitis caused by E. coli and K. pneumoniae
strains. Furthermore, piperacillin/tazobactam showed
significantly stronger activity against non-nosocomial
infections caused by E. coli, and gentamicin, cefo
perazone/sulbactam, ceftriaxone, and ampicillin/
sulbactam showed stronger activity against nonnosocomial infections caused by K. pneumoniae.
The sensitivity of P. aeruginosa and Acinetobacter
spp. to the antibiotic agents was low, but Acinetobacter
spp. had stronger drug tolerance than P. aeruginosa.
The drug resistance of gram-negative bacteria against
quinolone antibiotics was higher than that of grampositive bacteria, particularly in cases of nosocomial
infections, which is consistent with the results of
[29]
previous studies .
The detection rate of ESBL-producing E. coli was
higher than that of ESBL-producing K. pneumoniae
(45.9% vs 20.7%). Moreover, ESBL production was
higher in cases of nosocomial infections than in
cases of non-nosocomial infections. Previous studies
have also shown that ESBL production was higher in
cirrhotic patients with nosocomial infection than in
those with non-nosocomial infection; ESBL production
improves bacterial resistance and consequently
[10,30]
results in increased mortality
. Our results
showed a significant difference in the meropenem
resistance of E. coli between nosocomial and nonnosocomial infections; this was probably related to the
widespread use of carbapenems. The aminoglycoside
and β-lactamase inhibitor complex had higher activity
against ESBL-producing E. coli and K. pneumoniae
strains. Although glucose non-fermenting bacteria
have higher sensitivity to commonly used antibiotics,
the detection rate of non-fermenting bacteria in
clinical specimens has been increasing every year.
This trend is probably related to the use of mechanical
ventilator-assisted ventilation, atomization devices,
cardiopulmonary bypass, various types of catheters,
and the long-term use of high doses of cephalosporins,
carbapenems and other antibacterial drugs; thus,
non-fermenting bacteria are important pathogens
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[31,32]

in nosocomial infection
. Therefore, patients
with cirrhosis who are likely to have abdominal
infection should be treated with the enzyme complex
comprising aminoglycoside and β-lactamase inhibitors
and diene hydrocarbon enzyme antibacterials that
have strong activity against gram-negative bacteria.
Aminoglycoside antibiotics have high renal toxicity
and weak activity against a number of drug-resistant
strains, so they are not usually preferred for the treatment
of cirrhosis.
The antimicrobial activity of vancomycin, nitrofu
rantoin and rifampin against Staphylococcus spp. in
abdominal infections was strong (sensitivity rate, ≥
87%). Furthermore, the susceptibility of Staphylococcus
spp. to gentamicin, clindamycin and moxifloxacin was
also strong (sensitivity rate, ≥ 60.9%). Enterococcus
was resistant to a variety of antibacterial agents, but
showed high sensitivity to vancomycin, rifampin,
clindamycin and gentamicin (sensitivity rate, ≥
70.6%). Furthermore, nitrofurantoin showed stronger
activity against Enterococcus spp. in non-nosocomial
infections than in nosocomial infections. Vancomycin,
rifampin, moxifloxacin and nitrofurantoin had strong
antibacterial activity against S. pneumoniae (sensitivity
rate, ≥ 71.9%); ofloxacin, levofloxacin, moxifloxacin
and clindamycin had greater activity against S. aureus
strains in non-nosocomial infections. Thus, when
there is evidence of Staphylococcus spp. in abdominal
infections, glycopeptide antibiotics should be the
preferred medication.
Cirrhosis with secondary bacterial infection in
patients is an important cause of liver function
deterioration and other complications, thus early
[2,33]
diagnosis and prompt treatment are important
.
This study is a retrospective analysis, so there are
some selection biases and limitations due to the limited
sample size. Nonetheless, the findings are important
and they lay the foundation for future improvements
in the culture, sensitivity tests and the antibiotic
regime for spontaneous bacterial peritonitis in cirrhotic
patients.
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AIM: To investigate the relationship between contrastenhanced ultrasound (CEUS), basic fibroblast growth
factor (bFGF), endothelin-1 (ET-1), and hepatocellular
carcinoma (HCC) recurrence after ablation.
METHODS: A total of 51 HCC patients (38 males and
13 females) who received radiofrequency ablation
in our hospital from June 2012 to July 2014 were
enrolled in this study. The patients were divided into
two groups: recurrence group and non-recurrence
group. Routine abdominal examination was first
performed in the horizontal position. Then the patients
underwent CEUS and immunohistochemical staining
before receiving radiofrequency ablation. All patients
were followed-up every three months for one year.
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The results of CEUS and serum tumor marker levels
were evaluated and combined together to estimate
HCC recurrence and metastasis. Patients were divided
into two groups: recurrence group and non-recurrence
group. Quantitative parameters of CEUS and tumor
expression levels of bFGF and ET-1 were compared
between the two groups, respectively. Binary logistic
regression analysis was used to analyze the relationship
between CEUS quantitative parameters, expression
levels of ET-1 and bFGF, and HCC recurrence after
ablation.
RESULTS: Based on the quantitative parameters of
CEUS before patients received radiofrequency ablation,
the levels of tumor rise time (tRT), tumor time to
peak (tTTP), tumor peak intensity (tPI) and tumorparenchymal peak intensity (t-pPI) in the recurrence
group were significantly lower than those in the nonrecurrence group (16.6 ± 6.1 vs 23.2 ± 7.0, P = 0.000;
41.2 ± 10.2 vs 59.6 ± 14.2, P = 0.000; 23.8 ± 6.7 vs
31.4 ± 6.4, P = 0.000; 7.1 ± 3.4 vs 14.6 ± 7.4, P =
0.000; respectively). The expression levels of bFGF in
the recurrence group were significantly higher than
those in the non-recurrence group (P < 0.05). Levels of
tTTP showed a significant inverse correlation with the
level of bFGF in tumors (r = -0.312, P = 0.037). The
Binary logistic regression analysis results revealed that
the levels of tRT, tTTP, tPI and the level of bFGF were
associated with HCC recurrence after radiofrequency
ablation (P < 0.05).
CONCLUSION: CEUS is a noninvasive and effective
method for evaluating the angiogenesis of HCC, and
predicting its recurrence and prognosis.
Key words: Contrast-enhanced ultrasonography;
Hepatocellular carcinoma; Radiofrequency ablation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study quantitatively analyzed contrastenhanced ultrasound (CEUS) images from patients with
hepatocellular carcinoma (HCC). The results showed
that HCC patients who have low levels of tumor time
to peak (tTTP), tumor peak intensity and tumorparenchymal peak intensity before ablation were more
likely to relapse after ablation. Expression levels of
basic fibroblast growth factor (bFGF) in the recurrence
group were higher than those in the non-recurrence
group, and tTTP levels were negatively correlated with
bFGF expression levels. This was expected to be a
predictable index for HCC recurrence after ablation.
The results also revealed that CEUS is a non-invasive
and effective method for evaluating HCC angiogenesis,
its recurrence and metastasis.
Gao Y, Zheng DY, Cui Z, Ma Y, Liu YZ, Zhang W. Predictive
value of quantitative contrast-enhanced ultrasound in
hepatocellular carcinoma recurrence after ablation. World J
Gastroenterol 2015; 21(36): 10418-10426 Available from: URL:
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INTRODUCTION
There are currently various treatment options for
hepatocellular carcinoma (HCC) such as surgery
[1]
and radiofrequency ablation . However, the high
recurrence rate of HCC is a major problem. The
prognosis related to HCC recurrence remains poor
with a high mortality rate, resulting in a low long-term
survival rate for HCC patients and an average five-year
[2]
survival rate of approximately 60% . Therefore, early
prediction of HCC recurrence is of great importance.
The main method for predicting HCC recurrence is
the detection of angiogenesis-related factors. Common
angiogenesis-related factors include endothelin-1
(ET-1), basic fibroblast growth factor (bFGF) and
[3]
[4]
vascular endothelial growth factor (VEGF) . Starley
found that tumor angiogenesis is the most important
mechanism in HCC recurrence. HCC invasion and
metastasis depend on tumor angiogenesis. Kaseb et
[5]
al reported that the growth of tumor blood vessels,
invasion and tumor cell metastasis may be regulated
[6]
by ET-1. A study carried out by Feng et al revealed
that tumor cell migration, proliferation and angiogenesis
were significantly inhibited by bFGF. However, the
detection of angiogenesis-related factors involves
invasive tests and the results cannot completely
predict early HCC recurrence. Hence, a noninvasive,
accurate and simple method for evaluating and
predicting the recurrence and metastasis of HCC after
surgery is necessary, but has been a difficult field of
study in recent years.
Ultrasound is a noninvasive, convenient and
inexpensive imaging technique and is the first choice
in HCC diagnosis. The size, number, and boundary of
tumor nodules can be identified by two-dimensional
ultrasound. Vascular distribution and tumor vas
culature flow can be observed using color Doppler
ultrasound. However, these two ultrasonic methods
[7-9]
cannot predict and diagnose early HCC recurrence .
In recent years, contrast-enhanced ultrasound (CEUS)
has made a breakthrough in HCC blood flow imaging.
Compared with other ultrasonic methods, CEUS can
provide information on real-time dynamic tumor
microcirculation. Its advanced time-intensity curve can
quantitatively analyze tumor vasculature formation,
as well as tumor invasion and metastasis tendencies.
CEUS is a non-radioactive technique and has become
an important method in evaluating the development
[10,11]
and metastasis of HCC
.
Therefore, this study aims to introduce CEUS
to quantitatively analyze contrast images of HCC
lesions. The predictive performance of CEUS for HCC
recurrence and metastasis was explored by analyzing
the correlation between CEUS and expression of
angiogenesis-related factors. It is hoped that this study
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will be helpful in the early prediction of HCC recurrence
and metastasis, and in selecting appropriate treatment
programs. In addition, it is hoped that the results
of this study will show that CEUS is a noninvasive,
accurate, and convenient method for evaluating tumor
angiogenesis and HCC prognosis.

Table 1 Comparison of general data between the recurrence
and non-recurrence groups
2

Non-recurrence Recurrence group χ /t P -value
group (n = 37)
(n = 14)
Gender
Male
28
Female
9
Age (yr)
54.1 ± 7.7
Tumor location
Left lobe of liver
6
Right lobe of liver
31
Maximum diameter of tumor (cm)
≤3
28
3-5
9
Child grade
A
34
B
3
AFP (ug/L)
> 200
6
≤ 200
31
Degree of tumor differentiation
High
12
Medium
23
Low
2

MATERIALS AND METHODS
Subjects

HCC patients who received radiofrequency ablation
in our hospital from June 2012 to July 2014 were
enrolled in this study. The inclusion criteria were as
follows: pathologically confirmed HCC, single lesions, a
maximum tumor diameter < 50 mm; no extrahepatic
metastasis; Child class A or B; no serious heart or lung
disease. Finally, 51 cases (38 males and 13 females)
were enrolled in this study. The average age of the
patients was 54.2 ± 7.5 years.

Methods

CEUS before ablation: The CEUS (MyLab Twice
system, Esaote, Genoa, Italy) procedure was carried
out as follows: Routine abdominal examination was
first performed in the horizontal position. Each section
of the liver tumor was observed; and tumor size,
shape, boundary echo and blood flow signals were
recorded. The acoustic contrast agent, SonoVue,
was then injected into the median cubital vein.
Subsequently, a five-minute continuous contrast
process was observed, and radiographic contrast
images were sent to the software. In the focal area
of the tumor and surrounding areas of normal liver
parenchyma, a uniform and obvious part of the tumor
was chosen as the region of interest (ROI); and the
liver parenchyma 2 cm beyond the tumor was set as
the control ROI. The time-intensity curve was obtained
from the time-intensity curve analysis after motion
compensation. Tumor peak intensity (tPI), tumor rise
time (tRT), parenchymal rise time (pRT), tumor time
to peak (tTTP), parenchymal time to peak (pTTP),
parenchymal-tumor time to peak (p-tTTP), and tumorparenchymal peak intensity (t-pPI) levels of the
time-intensity curves were calculated and recorded
in Microsoft Excel (Microsoft, Redmond, WA, United
States).
Biopsy procedure: Tumor tissue samples were
obtained by liver puncture under ultrasound guidance.
The puncture target was determined, and the entry
point and route were selected. Local anesthesia with
lidocaine was administered. Specimens were obtained
when the needle punctured and reached the leading
edge of the tumor. Samples were sent to pathology for
examination.
Radiofrequency ablation: The patients were
positioned in the supine or left-lateral position, and
puncture positioning was determined under ultrasound
guidance. First, the needle was sterilized and draped.
WJG|www.wjgnet.com

10
4
54.3 ± 8.2

0.002

0.756

0.453

0.653

3
11

0.001

0.663

11
3

0.023

0.828

12
2

0.018

0.508

4
10

0.356

0.321

4
9
1

0.672

0.437

Then, local anesthesia with 1% lidocaine hydrochloride
was administered. Patients were asked to hold their
breath before implanting the bipolar radiofrequency
needle to the pre-set position of the tumor lesions.
Ablation therapy began under intravenous anesthesia
with propofol. At the end of treatment, the needle
tract was solidified during needle withdrawal to avoid
bleeding.
Follow-up after ablation: All patients were followedup every three months for one year. The results of
CEUS, enhanced CT/MRI, and serum tumor marker
levels were combined to evaluate HCC recurrence
and metastasis. For CEUS, no recurrence was defined
as a “black hole” on the screen for three periods
after ablation. High arterial phase enhancement and
low delayed phase enhancement suggested tumor
recurrence.
Immunohistochemistry: (1) paraffin sections were
cut, deparaffinized and rehydrated, then washed for
five minutes with running water and five minutes with
distilled water; (2) sections underwent antigen repair;
(3) sections were dripped with 30% H2O2 at room
temperature to deactivate endogenous enzymes, and
washed three times with distilled water; (4) sections
underwent primary antibody incubation; (5) sections
underwent secondary antibody incubation; (6) sections
were stained with DAB; and (7) sections were lightly
re-stained by hematoxylin, dehydrated and vitrified,
then the slices were sealed and examined with a
microscope.

Statistical analysis

SPSS 18.0 statistical software was used to measure
numerical variable data (mean ± SD) and categorical
variable data (n). All data were compared using t-test
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A

B

Figure 1 Time-intensity curve of patients in the non-recurrence group. A: Time-intensity curve of ROI in the tumor. The green curve was gentle, and indicated
that the change in intensity was less obvious. The Peak was 28.3% and TP was 68.23 s; B: Time-intensity curve of ROI beyond the tumor. The green curve was gentle
and similar to the ROI curve in the tumor. The Peak was 29.1% and TP was 62.26 s. ROI: region of interest.
2

or χ test. Spearman correlation analysis was used to
analyze CEUS quantitative parameters and expression
levels of ET-1 and bFGF. Binary logistic regression
analysis was used to analyze the relationship between
CEUS quantitative parameters, expression levels of
ET-1 and bFGF, and HCC recurrence after ablation. P
< 0.05 indicates that the differences were statistically
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significant.

RESULTS
Comparison of general patient data in the recurrence
and non-recurrence groups

All 51 patients were followed-up for one year; wherein,
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A

B

Figure 2 Time-intensity curve of patients in the recurrence group. A: Time-intensity curve of ROI in the tumor. The green curve was steep, and indicated that the
change in intensity was obvious. The Peak was 35.5% and TP was 43.33 s; B: Time-intensity curve of ROI beyond the tumor. The green curve was gentler, compared
with the ROI curve in the tumor. The Peak was 33.5% and TP was 57.29 s. ROI: region of interest.

37 patients had no recurrence and 14 patients were
found to have recurrence. Gender, age, tumor size
and location, Child grade, and AFP level differences, as
well as the degree of tumor differentiation, between
the recurrence and non-recurrence groups were not
statistically significant (P > 0.05) (Table 1).
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Differences between time-intensity curves of patients in
the recurrence and non-recurrence groups

Differences between time-intensity curves of patients
in the recurrence and non-recurrence groups are
shown in Figures 1 and 2. The curve was steeper, tRT
and tTTP were shorter, and tPI was higher for patients
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Table 3 Correlation analysis of contrast-enhanced ultrasound
quantitative parameters and expression levels of endothelin-1
and basic fibroblast growth factor

Table 2 Relationship of contrast-enhanced ultrasound
quantitative parameters between the two groups
Parameters Non-recurrence group Recurrence group
(37)
(14)
tRT (s)
pRT (s)
tTTP (s)
pTTP (s)
tPI (%)
p-tTTP (s)
t-pPI (%)

23.2 ± 7.0
20.7 ± 10.2
59.6 ± 14.2
66.4 ± 17.3
31.4 ± 6.4
-6.3 ± 10.7
14.6 ± 7.4

13.6 ± 6.1
18.5 ± 9.9
41.2 ± 10.2
56.8 ± 13.2
23.8 ± 6.7
-12.3 ± 10.2
7.1 ± 3.4

t

P -value
Parameters

4.517
0.693
4.423
1.876
3.737
1.809
3.632

0.000
0.492
0.000
0.067
0.000
0.077
0.000

tRT
tTTP
pTTP
tPI
p-tTTP

tRT: Tumor rise time; pRT: Parenchymal rise time; tTTP: Tumor time
to peak; pTTP: Parenchymal time to peak; tPI: Tumor peak intensity;
p-tTTP: Parenchymal-tumor time to peak; t-pPI: Tumor-parenchymal peak
intensity.

bFGF

70000

r

P -value

r

P -value

0.211
0.133
0.132
-0.412
-0.005

0.302
0.570
0.671
0.293
0.913

-0.317
-0.312
-0.344
-0.063
-0.075

0.143
0.037
0.214
0.715
0.702

ET-1: Endothelin-1; bFGF: Basic fibroblast growth factor; tRT: Tumor rise
time; tTTP: Tumor time to peak; pTTP: Parenchymal time to peak; tPI:
Tumor peak intensity; p-tTTP: Parenchymal-tumor time to peak.

Binary logistic regression analysis was carried out,
recurrence was taken as the dependent variable, and
both the CEUS quantitative parameters (tRT, pRT, tTTP,
pTTP, tPI, t-pTTP and t-pPI) and expression levels of
ET-1 and bFGF were taken as independent variables.
The results showed that low levels of tRT, tPI and tTTP,
as well as high levels of bFGF, were risk factors for HCC
recurrence after ablation, as shown in Table 4.

60000
50000
40000
30000
20000
10000
0

bFGF

Multiple factor analysis of the relationship between
CEUS quantitative parameters, expression levels of ET-1
and bFGF, and HCC recurrence after ablation

ET-1

80000

ET-1

Non recurrence group

Recurrence group

DISCUSSION

Figure 3 Endothelin-1 and basic fibroblast growth factor expression
levels in the non-recurrence and recurrence groups. ET-1: Endothelin-1;
bFGF: Basic fibroblast growth factor.

in the recurrence group, compared with patients in
the non-recurrence group. Differences between timeintensity curves for patients in the recurrence and nonrecurrence group before ablation are shown in Table
2. Levels of tRT, tTTP, tPI and t-pPI for patients in the
recurrence group were significantly lower than those
in the non-recurrence group (P < 0.05); but pRT,
pTTP and p-tTTP level differences were not statistically
significant between the two groups (P > 0.05).

Correlation analysis of CEUS quantitative parameters
and expression levels of ET-1 and bFGF in patients
before ablation

Expression levels of bFGF in patients in the recurrence
group were significantly higher than those in the nonrecurrence group, and the difference was statistically
significant (t = 4.323, P = 0.000). However, ET-1
expression levels in these two groups were not
significantly different (t = 0.781, P = 0.175), as shown
in Figure 3.
The level of tTTP was negatively correlated with
the expression level of bFGF, and the difference was
statistically significant (P < 0.05). No correlations
between tRT, pTTP, tPI and t-pTTP levels, and between
bFGF and ET-1 expression levels (P > 0.05) were
observed, as shown in Table 3.
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This study introduced the use of CEUS, and quantitatively
analyzed ultrasonic images of HCC patients using its
software. The results showed that HCC patients with
low levels of tRT, tTTP, tPI and t-pPI before ablation had
a high probability of relapse after ablation. Expression
levels of bFGF in patients in the recurrence group were
significantly higher than those in the non-recurrence
group. Levels of tTTP were negatively correlated with
expression levels of bFGF, suggesting that low levels
of tTTP can easily cause HCC patients to relapse after
ablation. This was expected to be the predictable index
for HCC recurrence after ablation. It was also revealed
that CEUS is a noninvasive and effective method for
evaluating HCC angiogenesis, and its recurrence and
metastasis.

Expression levels of bFGF were higher in the recurrence
group

This study revealed that bFGF expression levels in
patients in the recurrence group were significantly
higher than those in the non-recurrence group. A
high bFGF expression level is a risk factor for HCC
recurrence after ablation; demonstrating that bFGF
expression levels are correlated with the prognosis
of HCC patients, and that this could predict the
recurrence of HCC after ablation. A possible reason
for this may be due to the widespread distribution of
bFGF in the body, as its expression level increases with
ischemia and hypoxia. Previous studies have shown
that increasing bFGF expression levels in the liver are

10423

September 28, 2015|Volume 21|Issue 36|

Gao Y et al . CEUS prediction of HCC recurrence
Table 4 Multiple factor analysis of the relationship between contrast-enhanced ultrasound quantitative parameters, expression levels
of endothelin-1 and basic fibroblast growth factor, and hepatocellular carcinoma recurrence after ablation
β

Parameters
Low level of tRT
Low level of tPI
Low level of tTTP
High level of bFGF
Low level of pRT
Low level of pTTP
Low level of t-pTTP
Low level of t-pPI
High level of ET-1

-0.207
-0.076
-0.312
0.071
-0.091
-0.057
-0.066
-0.013
0.031

SE
0.062
0.007
0.008
0.029
0.091
0.032
0.042
0.032
0.032

P -value

Wald
5.326
7.392
5.892
4.872
5.322
4.352
4.892
3.842
5.762

0.037
0.006
0.019
0.011
0.137
0.086
0.136
0.187
0.879

OR
0.813
0.927
0.732
1.074
0.913
0.945
0.936
0.987
1.032

95%CI
Lower limit

Upper limit

0.720
0.914
0.721
1.015
0.764
0.888
0.862
0.927
0.969

0.918
0.940
0.744
1.137
1.091
1.006
1.016
1.051
1.099

ET-1: Endothelin-1; bFGF: Basic fibroblast growth factor; tRT: Tumor rise time; tTTP: Tumor time to peak; pTTP: Parenchymal time to peak; tPI: Tumor
peak intensity; p-tTTP: Parenchymal-tumor time to peak.

[12,13]

closely related to HCC invasion and metastasis
.
Basic research has indicated that bFGF can activate
[14,15]
the Ras-Raf-MARK system in angiogenesis
. The
cooperation of bFGF with VEGF promotes vascular
endothelial cell generation, and provides nutrition for
the invasion and metastasis of tumor cells. Therefore,
bFGF could be used to predict HCC metastasis and
recurrence. However, this study found that ET-1
expression levels in the recurrence and non-recurrence
groups were not significantly different, which did not
[16]
conform to previous studies . Vasoactive substances
such as ET-1 have an important regulatory role in the
angiogenesis, proliferation, invasion and metastasis of
[17-20]
malignant tumors
. It was found that ET-l did not
only reflect tumor angiogenesis, but also determined
[11,21]
tumor proliferation and metastasis
. In this study,
no differences in ET-1 expression levels were found,
which was probably because ET-1 expression levels are
related to the degree of malignancy. ET-1 expression
levels were low in tumors that had high differentiation
and low malignancy, while expression levels were only
high in tumors that had low differentiation and high
[22-24]
malignancy
. In this study, only three patients
showed low differentiation, causing the overall ET-l
expression level to be low. Hence, the difference
between the recurrence and non-recurrence groups
was not statistically significant.

Levels of tTTP were negatively correlated with
expression levels of bFGF

This study revealed that tTTP levels were negatively
correlated with bFGF expression levels, suggesting
that tTTP may predict HCC recurrence. In principle,
tTTP is mainly determined through hepatic artery and
[25]
portal vein blood flow . The more blood is supplied
to the hepatic artery, the earlier the tTTP level is
reached. Conversely, the more blood is supplied to the
portal vein, the tTTP level is delayed. These results
indicate that tTTP may reflect the tumor blood supply
component. Angiogenesis was prevalent in tumors with
a rich arterial blood supply, causing HCC invasion and
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metastasis. Tumor angiogenesis was closely related to
[26]
bFGF expression levels . Therefore, we believe that
as bFGF expression levels increase in HCC patients,
tumor angiogenesis becomes more prevalent and
arterial blood supply increases; which is followed by a
decrease in tTTP levels. On the other hand, when bFGF
expression levels were low in tumors, angiogenesis
and arterial blood supply were slow, and tTTP levels
increased.

Levels of tRT, tTTP, tPI and t-pPI in patients were
correlated with HCC recurrence after ablation

The results showed that tRT, tTTP, tPI and t-pPI levels
in the recurrence group were significantly lower than
those in the non-recurrence group. Low levels of tRT,
tPI and tTTP were risk factors of HCC recurrence after
ablation, suggesting that tRT, tPI and tTTP levels before
ablation could be used to predict HCC recurrence after
treatment. Levels of tPI decreased in patients in the
recurrence group due to liver parenchyma changes
close to the tumor tissue. Levels of tRT and tTTP were
low, because tRT and tTTP reflected the tumor’s blood
supply component. These were determined by the
hepatic artery blood supply and tumor portal vein
[27]
component ratio . The larger the proportion of the
hepatic artery blood supply, the faster the tumor’s
rise time, and the earlier the time to peak is reached.
Conversely, the larger the proportion of the portal vein
blood supply, the slower the tumor rise time, and the
time to peak is delayed. In CEUS, HCC was closely
[28]
related to tumor hemodynamic characteristics . There
was more blood supply for HCC than in benign lesions.
Filling time was shorter, and the rate of increase of peak
intensity per unit-time was higher. HCC lesions had a
rich blood supply and the hepatic artery was the main
blood supply. The contrast agent completely filled the
early and middle artery phase. Peak time was short,
[29]
showing a “fast-forward” movement . The lower the
levels of tRT, tPI and tTTP, the larger the proportion
of the hepatic artery, and the more dangerous the
recurrence would be after ablation.
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Limitations

There are some limitations in this research. First,
the sample size was small, and a larger sample size
is needed to validate our conclusions. Secondly, the
relationship between the CEUS index and molecular
biological index needs to be explored further. Other or
more detailed biological indices are needed, combined
with clinical practice.
In conclusion, CEUS is a simple and noninvasive
method for tumor angiogenesis assessment. Quantitative
parameters analyzed by CEUS software were more
objective; where tTTP was found to be a special predictor
of HCC recurrence and is worthy of further study. CEUS is
important for determining tumor tissue hemodynamics in
detail, and can be used to evaluate tumor angiogenesis
and predict tumor recurrence.

Levels of tTTP were negatively correlated with expression levels of bFGF,
suggesting that low tTTP levels can easily cause HCC patients to relapse after
ablation. This was expected to be the predictable index for HCC recurrence
after ablation. It also reveals that CEUS is expected to be a noninvasive and
effective method for evaluating the angiogenesis of HCC, and the prognosis of
its recurrence and metastasis.

REFERENCES
1

2
3

COMMENTS
COMMENTS
Background

There are currently various treatment options for hepatocellular carcinoma
(HCC) such as surgery and radiofrequency ablation. However, the high
recurrence rate of HCC is a major problem. The prognosis of HCC recurrence
remains poor with a high mortality rate; resulting in a low long-term survival rate
for HCC patients, and an average five-year survival rate of approximately 60%.
Therefore, early prediction of HCC recurrence is of great importance. The main
method for predicting HCC recurrence is the detection of angiogenesis-related
factors. Common angiogenesis-related factors include endothelin-1 (ET-1),
basic fibroblast growth factor (bFGF) and vascular endothelial growth factor.

4

5

Research frontiers

Starley found that tumor angiogenesis is the most important mechanism in
HCC recurrence. HCC invasion and metastasis depend on tumor angiogenesis.
Kaseb et al reported that the growth of tumor blood vessels, invasion and tumor
cell metastasis may be regulated by ET-1. The study by Feng et al revealed that
tumor cell migration, proliferation and angiogenesis were significantly inhibited
by bFGF. However, the detection of angiogenesis-related factors involves
invasive tests and the results cannot completely predict early HCC recurrence.
Hence, a noninvasive, accurate and simple method for evaluating and
predicting the recurrence and metastasis of HCC after surgery is necessary, but
has been a difficult field of study in recent years.

6

7

Innovations and breakthroughs

In recent years, contrast-enhanced ultrasound (CEUS) has made a
breakthrough in HCC blood flow imaging. CEUS provides information on realtime dynamic tumor microcirculation. Its advanced time-intensity curve can
quantitatively analyze tumor vasculature formation, as well as tumor invasion
and metastasis tendencies. CEUS is a non-radioactive technique and has
become an important method in evaluating the development and metastasis
of HCC. In this study, quantitative parameters were more objective; CEUS is
important for determining tumor tissue hemodynamics in detail, and can be
used to evaluate tumor angiogenesis and predict tumor recurrence.

8

9

Applications

10

Peer-review

11

CEUS will be helpful in the early prediction of HCC recurrence and metastasis,
and in selecting appropriate treatment programs. It is hoped that this
noninvasive, accurate, and convenient method will be used to evaluate tumor
angiogenesis and HCC prognosis.

This study introduced the use of CEUS and quantitatively analyzed ultrasonic
images of HCC patients by using its software. Results have shown that HCC
patients with low levels of tRT, tTTP, tPI and t-pPI before ablation have a high
probability of relapse after ablation. Expression levels of bFGF in patients in the
recurrence group were significantly higher than in the non-recurrence group.

WJG|www.wjgnet.com

10425

Zocco MA, Garcovich M, Lupascu A, Di Stasio E, Roccarina D,
Annicchiarico BE, Riccardi L, Ainora ME, Ponziani F, Caracciolo
G, Rapaccini GL, Landolfi R, Siciliano M, Pompili M, Gasbarrini
A. Early prediction of response to sorafenib in patients with
advanced hepatocellular carcinoma: the role of dynamic contrast
enhanced ultrasound. J Hepatol 2013; 59: 1014-1021 [PMID:
23811306 DOI: 10.1016/j.jhep.2013.06.011]
Forner A, Llovet JM, Bruix J. Chemoembolization for intermediate
HCC: is there proof of survival benefit? J Hepatol 2012; 56:
984-986 [PMID: 22008737 DOI: 10.1016/j.jhep.2011.08.017]
Tsuchiya K, Asahina Y, Matsuda S, Muraoka M, Nakata T,
Suzuki Y, Tamaki N, Yasui Y, Suzuki S, Hosokawa T, Nishimura
T, Ueda K, Kuzuya T, Nakanishi H, Itakura J, Takahashi Y,
Kurosaki M, Enomoto N, Izumi N. Changes in plasma vascular
endothelial growth factor at 8 weeks after sorafenib administration
as predictors of survival for advanced hepatocellular carcinoma.
Cancer 2014; 120: 229-237 [PMID: 24122122 DOI: 10.1002/
cncr.28384]
Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver
disease and hepatocellular carcinoma: a weighty connection.
Hepatology 2010; 51: 1820-1832 [PMID: 20432259 DOI: 10.1002/
hep.23594]
Kaseb AO, Garrett-Mayer E, Morris JS, Xiao L, Lin E, Onicescu G,
Hassan MM, Hassabo HM, Iwasaki M, Deaton FL, Abbruzzese JL,
Thomas MB. Efficacy of bevacizumab plus erlotinib for advanced
hepatocellular carcinoma and predictors of outcome: final results
of a phase II trial. Oncology 2012; 82: 67-74 [PMID: 22327795
DOI: 10.1159/000335963]
Feng YX, Wang T, Deng YZ, Yang P, Li JJ, Guan DX, Yao F, Zhu
YQ, Qin Y, Wang H, Li N, Wu MC, Wang HY, Wang XF, Cheng
SQ, Xie D. Sorafenib suppresses postsurgical recurrence and
metastasis of hepatocellular carcinoma in an orthotopic mouse
model. Hepatology 2011; 53: 483-492 [PMID: 21274870 DOI:
10.1002/hep.24075]
Liu Y, Chen Z, Liu C, Yu D, Lu Z, Zhang N. Gadoliniumloaded polymeric nanoparticles modified with Anti-VEGF as
multifunctional MRI contrast agents for the diagnosis of liver
cancer. Biomaterials 2011; 32: 5167-5176 [PMID: 21521627 DOI:
10.1016/j.biomaterials.2011.03.077]
Floriani I, Torri V, Rulli E, Garavaglia D, Compagnoni A,
Salvolini L, Giovagnoni A. Performance of imaging modalities in
diagnosis of liver metastases from colorectal cancer: a systematic
review and meta-analysis. J Magn Reson Imaging 2010; 31: 19-31
[PMID: 20027569 DOI: 10.1002/jmri.22010]
Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA,
McGlynn KA. Metabolic syndrome increases the risk of primary
liver cancer in the United States: a study in the SEER-Medicare
database. Hepatology 2011; 54: 463-471 [PMID: 21538440 DOI:
10.1002/hep.24397]
Strobel D, Bernatik T, Blank W, Schuler A, Greis C, Dietrich CF,
Seitz K. Diagnostic accuracy of CEUS in the differential diagnosis
of small (≤ 20 mm) and subcentimetric (≤ 10 mm) focal liver lesions
in comparison with histology. Results of the DEGUM multicenter
trial. Ultraschall Med 2011; 32: 593-597 [PMID: 22161556 DOI:
10.1055/s-0031-1271114]
Rennert J, Georgieva M, Schreyer AG, Jung W, Ross C,
Stroszczynski C, Jung EM. Image fusion of contrast enhanced
ultrasound (CEUS) with computed tomography (CT) or magnetic
resonance imaging (MRI) using volume navigation for detection,
characterization and planning of therapeutic interventions of
liver tumors. Clin Hemorheol Microcirc 2011; 49: 67-81 [PMID:

September 28, 2015|Volume 21|Issue 36|

Gao Y et al . CEUS prediction of HCC recurrence

12

13

14

15

16

17

18

19

20

21

22214679 DOI: 10.3233/CH-2011-1458]
Sakuma K, Aoki M, Kannagi R. Transcription factors c-Myc and
CDX2 mediate E-selectin ligand expression in colon cancer cells
undergoing EGF/bFGF-induced epithelial-mesenchymal transition.
Proc Natl Acad Sci USA 2012; 109: 7776-7781 [PMID: 22547830
DOI: 10.1073/pnas.1111135109]
Lin CC, Huang CY, Mong MC, Chan CY, Yin MC. Antiangiogenic
potential of three triterpenic acids in human liver cancer cells.
J Agric Food Chem 2011; 59: 755-762 [PMID: 21175131 DOI:
10.1021/jf103904b]
Liu L, Yang Z, Xu Y, Li J, Xu D, Zhang L, Sun J, Xia S, Zou
F, Liu Y. Inhibition of oxidative stress-elicited AKT activation
facilitates PPARγ agonist-mediated inhibition of stem cell character
and tumor growth of liver cancer cells. PLoS One 2013; 8: e73038
[PMID: 24023668 DOI: 10.1371/journal.pone.0073038]
Xi J, Wang Y, Zhang P, He L, Nan X, Yue W, Pei X. Human fetal
liver stromal cells that overexpress bFGF support growth and
maintenance of human embryonic stem cells. PLoS One 2010; 5:
e14457 [PMID: 21209880 DOI: 10.1371/journal.pone.0014457]
Zhou JH, Cao LH, Liu JB, Zheng W, Liu M, Luo RZ, Han F, Li
AH. Quantitative assessment of tumor blood flow in mice after
treatment with different doses of an antiangiogenic agent with
contrast-enhanced destruction-replenishment US. Radiology 2011;
259: 406-413 [PMID: 21292869 DOI: 10.1148/radiol.10101339]
Williams R, Hudson JM, Lloyd BA, Sureshkumar AR, Lueck
G, Milot L, Atri M, Bjarnason GA, Burns PN. Dynamic
microbubble contrast-enhanced US to measure tumor response to
targeted therapy: a proposed clinical protocol with results from
renal cell carcinoma patients receiving antiangiogenic therapy.
Radiology 2011; 260: 581-590 [PMID: 21555352 DOI: 10.1148/
radiol.11101893]
Lassau N, Chami L, Koscielny S, Chebil M, Massard C, Benatsou
B, Bidault S, Cioffi A, Blay JY, Le Cesne A. Quantitative functional
imaging by dynamic contrast enhanced ultrasonography (DCE-US)
in GIST patients treated with masatinib. Invest New Drugs 2012;
30: 765-771 [PMID: 21136137 DOI: 10.1007/s10637-010-9592-2]
Chen LD, Xu HX, Xie XY, Xie XH, Xu ZF, Liu GJ, Wang Z, Lin
MX, Lu MD. Intrahepatic cholangiocarcinoma and hepatocellular
carcinoma: differential diagnosis with contrast-enhanced
ultrasound. Eur Radiol 2010; 20: 743-753 [PMID: 19760416 DOI:
10.1007/s00330-009-1599-8]
Arii S, Tanaka S, Mitsunori Y, Nakamura N, Kudo A, Noguchi
N, Irie T. Surgical strategies for hepatocellular carcinoma with
special reference to anatomical hepatic resection and intraoperative
contrast-enhanced ultrasonography. Oncology 2010; 78 Suppl 1:
125-130 [PMID: 20616594 DOI: 10.1159/000315240]
Cao XL, Bao W, Zhu SG, Wang LH, Sun MH, Wang L, Men
YM, Xue J. Contrast-enhanced ultrasound characteristics of breast

22

23

24

25

26

27

28

29

cancer: correlation with prognostic factors. Ultrasound Med Biol
2014; 40: 11-17 [PMID: 24207087 DOI: 10.1016/j.ultrasmedbio]
Luo J, Guo RP, Lai EC, Zhang YJ, Lau WY, Chen MS, Shi M.
Transarterial chemoembolization for unresectable hepatocellular
carcinoma with portal vein tumor thrombosis: a prospective
comparative study. Ann Surg Oncol 2011; 18: 413-420 [PMID:
20839057 DOI: 10.1245/s10434-010-1321-8]
Loss M, Schneider J, Uller W, Wiggermann P, Scherer MN, Jung
W, Schlitt HJ, Stroszczynski C, Jung EM. Intraoperative high
resolution linear contrast enhanced ultrasound (IOUS) for detection
of microvascularization of malignant liver lesions before surgery or
radiofrequeny ablation. Clin Hemorheol Microcirc 2012; 50: 65-77
[PMID: 22538536 DOI: 10.3233/CH-2011-1444]
Kudo M, Hatanaka K, Maekawa K. Newly developed novel
ultrasound technique, defect reperfusion ultrasound imaging,
using sonazoid in the management of hepatocellular carcinoma.
Oncology 2010; 78 Suppl 1: 40-45 [PMID: 20616583 DOI:
10.1159/000315229]
Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida
H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL,
Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK,
Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF,
Sarin SK. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma.
Hepatol Int 2010; 4: 439-474 [PMID: 20827404 DOI: 10.1007/
s12072-010-9165-7]
Kawada N, Ohkawa K, Tanaka S, Matsunaga T, Uehara H, Ioka
T, Takano Y, Takakura R, Imanaka K, Tamai C, Kawaguchi T,
Tomita Y, Nakanishi K, Katayama K. Improved diagnosis of
well-differentiated hepatocellular carcinoma with gadolinium
ethoxybenzyl diethylene triamine pentaacetic acid-enhanced
magnetic resonance imaging and Sonazoid contrast-enhanced
ultrasonography. Hepatol Res 2010; 40: 930-936 [PMID: 20887598
DOI: 10.1111/j.1872-034X.2010.00697.x]
Han ML, Chen CC, Kuo SH, Hsu WF, Liou JM, Wu MS, Wang
HP. Predictors of in-hospital mortality after acute variceal bleeding
in patients with hepatocellular carcinoma and concurrent main
portal vein thrombosis. J Gastroenterol Hepatol 2014; 29: 344-351
[PMID: 23870023 DOI: 10.1111/jgh.12341]
Liu LN, Xu HX, Zhang YF, Xu JM. Hepatocellular carcinoma after
ablation: the imaging follow-up scheme. World J Gastroenterol
2013; 19: 797-801 [PMID: 23429970 DOI: 10.3748/wjg.v19.
i6.797]
Liu F, Yu X, Liang P, Cheng Z, Han Z, Dong B. Contrastenhanced ultrasound-guided microwave ablation for hepatocellular
carcinoma inconspicuous on conventional ultrasound. Int J
Hyperthermia 2011; 27: 555-562 [PMID: 21797695 DOI: 10.3109/
02656736.2011.564262]
P- Reviewer: Faloppi L, Sharma M S- Editor: Ma YJ
L- Editor: Webster JR E- Editor: Zhang DN

WJG|www.wjgnet.com

10426

September 28, 2015|Volume 21|Issue 36|

World J Gastroenterol 2015 September 28; 21(36): 10427-10434
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i36.10427

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Prospective Study

Early endoscopic ultrasonography in acute biliary
pancreatitis: A prospective pilot study
Andrea Anderloni, Marianna Galeazzi, Marco Ballarè, Michela Pagliarulo, Marco Orsello, Mario Del Piano,
Alessandro Repici
Andrea Anderloni, Alessandro Repici, Digestive Endoscopy
Unit, Division of Gastroenterology, Humanitas Research
Hospital, Rozzano, 20089 Milan, Italy
Marianna Galeazzi, Marco Ballarè, Michela Pagliarulo, Marco
Orsello, Mario Del Piano, Gastrointestinal and Endoscopy Unit,
AOU “Maggiore della Carità”, 28100 Novara, Italy
Author contributions: Anderloni A designed the study
and actively participated to the execution of the endoscopic
procedures; Galeazzi M and Pagliarulo M contributed collecting
data and writing the paper; Ballarè M and Orsello M were
involved in the endoscopic procedures and in following patients
and collecting data; Del Piano M and Repici A contributed to the
statistic and reviewed the paper.
Institutional review board statement: The study complied
with the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the Institutional Review Board of our
hospital.
Clinical trial registration statement: NCT02430285.
Informed consent statement: Written informed consent was
obtained from all the patients enrolled.
Conflict-of-interest statement: None declared.
Data sharing statement: Consent for data sharing was not
obtained but this was a single centre pilot study and the presented
data are anonymized and the risk of identification is low.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Andrea Anderloni, MD, PhD, Digestive

WJG|www.wjgnet.com

Endoscopy Unit, Division of Gastroenterology, Humanitas
Research Hospital, Rozzano, 20089 Milan,
Italy. andrea.anderloni@humanitas.it
Telephone: +39-2-82242579
Fax: +39-2-82242292
Received: March 9, 2015
Peer-review started: March 10, 2015
First decision: April 1, 2015
Revised: May 12, 2015
Accepted: June 9, 2015
Article in press: June 10, 2015
Published online: September 28, 2015

Abstract
AIM: To investigate the clinical usefulness of early
endoscopic ultrasonography (EUS) in the management
of acute biliary pancreatitis (ABP).
METHODS: All consecutive patients entering the
emergency department between January 2010 and
December 2012 due to acute abdominal pain and
showing biochemical and/or radiological findings
consistent with possible ABP were prospectively
enrolled. Patients were classiﬁed as having a low,
moderate, or high probability of common bile duct (CBD)
stones, according to the established risk stratiﬁcation.
Exclusion criteria were: gastrectomy or patient in whom
the cause of biliary obstruction was already identified
by ultrasonography. All enrolled patients underwent EUS
within 48 h of their admission. endoscopic retrograde
cholangiopancreatography was performed immediately
after EUS only in those cases with proven CBD stones
or sludge. The following parameters were investigated:
(1) clinical: age, sex, fever; (2) radiological: dilated
CBD; and (3) biochemical: bilirubin, AST, ALT, gGT, ALP,
amylase, lipasis, PCR. Association between presence of
CBD stone at EUS and the individual predictors were
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assessed by univariate logistic regression. Predictors
significantly associated with CBD stones (p < 0.05)
were entered in a multivariate logistic regression model.
RESULTS: A total of 181 patients with pancreatitis
were admitted to the emergency department between
January 2010 and December 2012. After exclusion
criteria a total of 71 patients (38 females, 53.5%,
mean age 58 ± 20.12 years, range 27-89 years; 33
males, 46.5%, mean age 65 ± 11.86 years, range
41-91 years) were included in the present study. The
probability of CBD stones was considered low in 21
cases (29%), moderate in 26 (37%), and high in the
remaining 24 (34%). The 71 patients included in the
study underwent EUS, which allowed for a complete
evaluation of the target sites in all the cases. The
procedure was completed in a mean time of 14.7 min
(range 9-34 min), without any notable complications.
The overall CBD stone frequency was 44% (31 of 71),
with a significant increase from the group at low pretest
probability to that at moderate (OR = 5.79, p = 0.01)
and high (OR = 4.25, p = 0.03) pretest probability.
CONCLUSION: Early EUS in ABP allows, if appropriate,
immediate endoscopic treatment and significant spare
of unnecessary operative procedures thus reducing
possible related complications.
Key words: Acute biliary pancreatitis; Choledocolithiasis;
Common bile duct stones; Endoscopic retrograde
cholangiography; Endoscopic ultrasonography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The decision to perform an endoscopic
retrograde cholangiopancreatography (ERCP) in acute
biliary pancreatitis (ABP) is often based on biochemical
and radiological criteria despite they have been shown
to be unreliable predictors of common bile duct stone
presence. endoscopic ultrasonography (EUS) has
recently been proposed as the new gold standard
in the diagnosis of choledocholithiasis. Accordingly,
the present prospective pilot study was designed to
investigate the clinical usefulness of early EUS in the
management of ABP. Early EUS-guided ERCP is an
accurate, safe and quick strategy as a first step in the
management of ABP.
Anderloni A, Galeazzi M, Ballarè M, Pagliarulo M, Orsello
M, Del Piano M, Repici A. Early endoscopic ultrasonography
in acute biliary pancreatitis: A prospective pilot study. World J
Gastroenterol 2015; 21(36): 10427-10434 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i36/10427.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i36.10427

INTRODUCTION
Acute biliary pancreatitis (ABP) is a potentially life-
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threatening condition caused by common bile duct
(CBD) stones or sludge, which requires prompt
diagnosis and treatment by endoscopic removal of
the material. Accurate detection of CBD stones is
warranted to select patients for early therapeutic
endoscopic retrograde cholangiopancreatography
(ERCP). For many years, ERCP with endoscopic
sphincterotomy (ES) has been considered the best
preoperative diagnostic tool for examination of the
bile duct in patients with acute pancreatitis, but it
is invasive, with complication rates of 5%-10% and
[1,2]
mortality rates of up to 0.5% .
The management of patients with ABP is still a
matter of debate, and in clinical practice it is often
[3]
based on biochemical and radiological criteria .
However, studies have shown that commonly
used biochemical and radiological predictors of the
presence of CBD stones in patients with ABP may be
[4]
unreliable .
Despite most guidelines and meta-analyses
suggest that ERCP/ES is indicated in patients with
ABP and coexisting cholangitis, a recent systematic
[5]
review by van Geenen et al revealed a lack of
consensus on the role of routine early ERCP/ES in
all patients with predicted severe ABP, regardless of
cholestasis. The recently published ASGE guidelines
on the role of endoscopy in the management of
suspected choledocholithiasis indicate that clinicians
should always perform a noninvasive test [endos
copic ultrasonography (EUS) or magnetic resonance
cholangiopancreatography (MRCP)] in patients with
[6]
ABP to select those who can benefit from ERCP/ES .
Accordingly, the present single-center prospective
pilot study was designed to investigate the clinical
usefulness of early EUS in the management of ABP.

MATERIALS AND METHODS
This prospective study was carried out at the
Gastroenterology and Endoscopy Department of a
secondary referral university hospital in northwestern
Italy, with annual EUS and ERCP case loads of about
600 and 350, respectively. The study complied with the
ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the Institutional Review Board of
our hospital. Written informed consent was obtained
from all the patients enrolled. All consecutive patients
entering the emergency department between January
2010 and December 2012 due to acute abdominal pain
and showing biochemical and/or radiological findings
consistent with possible ABP were prospectively
enrolled. Patients were classiﬁed as having a low,
moderate, or high probability of CBD stones, according
[7,8]
to the established risk stratiﬁcation
. Since our
patient were all symptomatic for abdominal pain (as
for inclusion criteria), serum AST and ALT level were
indeed elevated in all the patients, therefore to better
stratify the patients we have taken into account only
the following markers: Bilirubin level and CBD dilation
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[9]

at transabdominal US, as previously described . We
therefore have considered patient at low risk if bilirubin
level was < 2 mg/dL and CBD not dilated, high risk
if bilirubin level was > 4 or > 2 with concomitant
CBD dilation, intermediate risk any of the other
combination.
Diagnosis of acute pancreatitis required two of
the following three features: (1) abdominal pain
characteristic of acute pancreatitis; (2) serum amylase
and/or lipase ≥ 3 times the upper limit of normal;
and (3) characteristic findings of acute pancreatitis
on computed tomography (CT) scan, according to the
[10]
guidelines . The severity of acute pancreatitis was
[11]
classified according to the Glasgow criteria .
A biliary etiology was defined as the presence of
dilated CBD on ultrasonography (US) or CT or two
of the following three laboratory abnormalities: (1)
serum bilirubin concentration > 1.9 mg/dL; (2) alanine
aminotransferase (ALT) activity > 100 U/L with an ALT
activity higher than the aspartate aminotransferase
(AST) activity; and (3) alkaline phosphatase activity >
195 U/L with a γ-glutamyltransferase (GGT) activity >
45 U/L. Patients with other causes of acute pancreatitis
(e.g., alcohol abuse) and chronic pancreatitis (clinical
[4]
history and CT) were excluded from the study .
Exclusion criteria were refusal to participate in the
study, inability to give informed consent, unsuitability
for endoscopy, previous history of gastrectomy,
previous history of sphincterotomy, ongoing acute
cholecystitis (deﬁned as increased wall thickness upon
US, altered morphology as double-track, vascular spot
upon color Doppler, or the presence of pericholecystic
ﬂuid), cholangitis, or previous clear identiﬁcation of a
disorder responsible for biliary obstruction upon US or
CT, severe pancreatitis. Prior cholecystectomy was not
an exclusion criterion.
All enrolled patients underwent EUS within 48 h
of their admission. CBD stones were diagnosed by
the presence of a reproducible hyperechoic focus
with an associated acoustic shadowing, whereas
the lack of associated acoustic shadowing within the
extrahepatic bile duct was considered consistent
[1]
with biliary sludge . The number and size of all the
stones detected were recorded. ERCP was performed
immediately after EUS only in those cases with proven
CBD stones or sludge. Patients defined negative for
EUS were followed for a 6-mo period with telephone
calls at 1, 3, and 6 mo after EUS.
Patients with a definite diagnosis of cholecystolithiasis
underwent laparoscopic or open cholecystectomy
within 4 wk of their hospital discharge.

Procedures

All the EUS procedures were performed by two
expert endosonographers with more than 5 years
of experience in the procedure (A.A. and M.B.). The
procedures were performed by means of a linear (GFUCT140, Olympus Optical Co., Ltd., Tokyo, Japan)
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scanning echoendoscope using all frequencies (i.e.,
5, 6, 7.5, and 10 MHz), but mainly 7.5 and 10 MHz to
exclude CBD microlithiasis. The two endosonographers
had extensive experience with linear probes (each
about 100 examinations/year). After sedation by iv
injection of midazolam (1-5 mg) and fentanyl (50-100
gamma), the EUS transducer was inserted up to the
second duodenal portion and gradually withdrawn
to visualize the main duodenal papilla, extrahepatic
bile duct, cystic and hepatic ducts, and gallbladder. In
case of CBD stone detection, therapeutic ERCP with
ES and stone extraction was performed during the
same endoscopic session under the same sedation by
two independent investigators (A.A. and M.O.), with
either 10 and 15 years of experience in the procedure.
Cholangiography upon ERCP was obtained by injecting
a 50%-diluted iodinated contrast agent (Ultravist
iopromide injection; Bayer Healt Care), starting
proximally in the duct in order to avoid pushing any
small stones into the intrahepatic ducts.

Outcomes

Based on patient follow-up, we assessed the following
two outcomes: (1) reliability of EUS, as an early
approach in patients with ABP, to correctly identify
the presence of CBD stones and consequent need
of early ERCP with respect to the risk stratification
based on clinical criteria; and (2) feasibility of the
early sequential approach EUS/ERCP in diagnosis and
treatment of CBD stones in the setting of ABP.

Statistical analysis

Clinical data were recorded in a computerized database
by a single research assistant (M.G.). Continuous
data are expressed as median with interquartile
range, unless otherwise stated. Proportions are
given as numbers and percentages. Differences in
clinical parameters among the three risk groups were
assessed by means of the Mann-Whitney U-test for
continuous data or the chi-squared Fisher’s exact test,
when appropriate, for proportions. All reported P-values
are two-tailed. A P-value < 0.05 was considered
statistically signiﬁcant.
The following predictors were investigated: age,
gender, bilirubin, AST, ALT, GGT, alkaline phosphatase,
amylase, fever, and CBD dilation (deﬁned as CBD dia
meter ≥ 6 mm or ≥ 8 mm in case of cholecystectomy,
upon US). The maximum value for normal CBD
diameter is still controversial, but generally accepted
to be between 6 and 8 mm. Conventionally, the upper
limit of normality for the CBD as measured by US
is considered to be 6 mm. The possible association
between EUS evidence of CBD stones and individual
pre-procedure predictors was ﬁrst assessed by
univariate logistic regression analysis, and then by
entering the variables signiﬁcantly associated with CBD
stones (P < 0.05) in a multivariate logistic regression
model.
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181
11 Department of Surgery
3 Department of Infectious Disease
1 Department of Internal Medicine
1 Dialysis
1 Department of Pediatric
164 Gastrointestinal and Endoscopy Department
9 Hypertriglyceridemic pancreatitis
8 Alcoholic pancreatitis
3 Chronic pancreatitis
1 Autoimmune pancreatitis
143 Acute biliary pancreatitis
22 Cholangitis
10 CT scan at Emergency Department
32 Comorbidities /Unsuitable for
Endoscopy
5 Pancreatic Neoplasia
2 Did not give consent
71 Patients enrolled

Figure 1 Patient recruitment flow chart.

RESULTS
Patient recruitment

A total of 181 patients with pancreatitis were admitted
to the emergency department between January
2010 and December 2012. Seventeen of them were
excluded from the study because they were diagnosed
as having severe pancreatitis and were recovered in
others wards. Of the remaining 164 patients, 9 were
excluded because of hypertriglyceridemic pancreatitis,
8 alcoholic pancreatitis, 3 chronic pancreatitis, and 1
autoimmune pancreatitis. Thus, 143 (88%) patients
diagnosed as having ABP were considered eligible for
the study, but 22 were excluded because of cholangitis,
10 because CT revealed choledocholithiasis, 32
because they were unsuitable for endoscopy, 5
because CT showed pancreatic neoplasia, 1 because
CT found biliary prosthesis obstruction, and 2 did not
give their consent. Accordingly, a total of 71 patients
(38 females, 53.5%, mean age 58 ± 20.12 years,
range 27-89 years; 33 males, 46.5%, mean age 65 ±
11.86 years, range 41-91 years) were included in the
present study (Figure 1).
The patient’s characteristics, with pertinent clinical
and laboratory data, are summarized in Table 1.
[11]
According to the Glasgow criteria , all patients were
diagnosed as having mild pancreatitis. Based on
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the previously described criteria, the probability of
CBD stones was considered low in 21 cases (29%),
moderate in 26 (37%), and high in the remaining 24
(34%).
In detail, no statistically significant differences were
found among the three groups concerning age (P =
0.20, Bonferroni test), sex (P = 0.38, Fisher exact
test), comorbidities (P = 0.29, Fisher exact test),
or cholecystolithiasis (P = 0.07, Fisher exact test).
Dilatation of CBD was present in about half the patients
included in the moderate and high risk groups. Five of
those patients had already undergone cholecystectomy
3 mo to 43 years earlier, and 2 had been previously
treated by sphincterotomy for CBD stones 3 mo to 15
years earlier. Gallstones were present in more than
50% of patients belonging to each group.
The 71 patients included in the study underwent
EUS, which allowed for a complete evaluation of
the target sites in all the cases. The procedure was
completed in a mean time of 14.7 min (range 9-34
min), without any notable complications.
The overall CBD stone frequency was 44% (31 of
71), with a significant increase from the group at low
pretest probability to that at moderate (OR = 5.79,
P = 0.01) and high (OR = 4.25, P = 0.03) pretest
probability. The pretest probability of CBD stones in the
low-risk group was 19%, in the moderate-risk group
58%, and in the high-risk group 50% (Table 2). EUS
detected CBD stones in 4 low-risk patients and found
none in 12 high-risk patients.
Univariate logistic regression indicated that CBD
diameter, cholecystolithiasis, and risk (moderate and
high) were significantly associated with CBD stones.
In the subsequent multivariate analysis, the CBD
diameter was confirmed as an independent predictor of
CBD stones (Z = 3.91; P < 0.001; 95%CI: 3.12-30.67),
with an odds ratio of 9.78 (stepwise forward selection).
All patients who had positive EUS results for CBD
stones underwent ERCP and ES (Figure 2). EUS
findings were confirmed by ERCP in 28 of 31 patients
with CBD stones (90%), and a total of 47 stones (mean
± SD = 4.6 ± 2.2 mm in diameter) were extracted
(Table 3). The number of the stones was similar
among the three risk groups, and the size of stones
did not increase significantly between the risk groups
(one-way ANOVA, F2,28 = 1.80, P = 0.18).
In 3 patients (2 at moderate, 1 at high risk for
CBD stones), CBD stones were not found after both
cholangiography and ES, despite repeated passages
with a Dormia basket or a balloon catheter. Another 2
patients who had been negative at cholangiography (1
with high probability and 1 with moderate probability
of CBD stones) were positive for CBD stones only after
ES. Five patients with prior cholecystectomy (Table 1)
had CBD stones at EUS and ERCP.
Only 3 of 31 patients (9%) who underwent ERCP
had procedure-related uneventful complications (postsphincterotomy self-limiting bleeding in 1 patient,
transient hepatic enzyme increase in 1 patient, and
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Table 1 Characteristics of the 71 patients according to the level of risk for common bile duct stones
Patient features

Risk of common bile duct stones
Low (n = 21; 29%)

Moderate (n = 26; 37%)

High (n = 24; 34%)

59 ± 17
9 (43)
1.3 ± 0.5
201 ± 186
169 ± 182
341 ± 183
306 ± 253
1
1
0
13
2

59 ± 17
12 (46)
2.1 ± 1.4
232 ± 175
237 ± 146
328 ± 192
634 ± 167
1
2
14
20
0

62 ± 18
13 (54)
5.0 ± 1.7
237 ± 237
302 ± 268
495 ± 316
541 ± 390
2
2
11
23
0

Age (yr, mean ± SD)
Male, n (%)
Bilirubin (mg/dL, mean ± SD)
AST (IU/mL, mean ± SD)
ALT (IU/mL, mean ± SD)
Alkaline phosphatase (U/L, mean ± SD)
GGT (IU/mL, mean ± SD)
Fever
Previous cholecystectomy
Common bile duct dilation
Gallstones on US
Gallstones on EUS in patients negative on US

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γ-glutamyltransferase; US: Ultrasonography; EUS: Endoscopic ultrasonography.

Table 2 Common bile duct stones detected on endoscopic
ultrasonography, according to the predetermined level of risk n (%)
EUS
Neg.
Pos.
Total

Results
Low risk

Moderate risk

High risk

17 (81)
4 (19)
21

11 (42)
15 (58)
26

12 (50)
12 (50)
24

transient oxygen desaturation in 1 patient).
The 40 patients who tested negative for CBD stones
at EUS were closely monitored for 1 wk after the EUS
procedure. Once discharged, these patients were
followed for a 6-mo period with telephone calls at 1,
3, and 6 mo after EUS. All the patients were followed
regularly for 6 mo or until they either underwent
cholecystectomy or a second episode of biliary colic or
ABP. During this follow-up none of the patients with
high risk of CBD stones at pre-EUS stratification and
negative EUS had new episodes of biliary or cholic
pancreatitis in the follow-up.

DISCUSSION
Acute pancreatitis is a potentially life-threatening
condition, with a reported mortality as high as
[12-14]
20%-30% in severe cases
. Gallstone disease
represents the most common cause of acute pan
creatitis, and the duration of bile duct obstruction,
which is responsible for the increased pressure in
the pancreatic duct, seems to be the main factor
contributing to the severity of pancreatitis.
In guidelines published in the New England Journal
[15]
of Medicine , the Indianapolis group proposed an
early ERCP (within 24-48 h from onset of symptoms)
in patients supposed to have cholangitis (fever,
jaundice, and sepsis) or persistent biliary obstruction
(conjugated bilirubin level > 5 mg/dL) and to consider
it in patients with worsening clinical symptoms (e.g.,
worsening pain, leukocytosis, and change in vital
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signs). However, fever, tachycardia, tachypnea, and
leucocytosis associated with systemic inflammatory
response syndrome may occur early in the course of
acute pancreatitis and may be indistinguishable from
sepsis syndrome. According to the recent guidelines,
ERCP is indicated in biliary pancreatitis with CBD
[16]
obstruction and/or in the presence of cholangitis .
Several recent studies have identified clinical,
biochemical, and radiological tests to predict the
presence of CBD stones in patients presenting with
[7,17]
biliary pain
. The recommended approach is to
perform therapeutic ERCP in high-risk patients, to
carry out MRCP or EUS prior to ERCP in moderate-risk
[18]
patients, and to clinically observe low-risk patients .
Both MRCP and EUS are now indicated as the best
[10,19]
imaging methods for CBD stone detection
, and
they have been proposed as alternative noninvasive
[20-22]
tests to assess the presence of CBD stones
.
MRCP and EUS were demonstrated to have high
[20,23-25]
diagnostic accuracy
, with similar sensitivity,
specificity, accuracy, negative predictive value,
and positive predictive value for detection of CBD
[26]
stones . However, EUS is more accurate than MRCP
in the detection of small stones (< 5 mm), which
are responsible for at least half of all cases of ABP.
Other imaging methods to detect CBD stones in
patients with suspected ABP are CT scan and helical
CT scan. Although helical CT scan was shown to be
more accurate than US and conventional CT scan by
[8]
Tse et al , it has never been compared to MRCP or
EUS, which do not expose the patient to radiation or
contrast medium.
Therefore, EUS has recently been proposed as
the new gold standard in the diagnosis of chole
[27]
docholithiasis . Furthermore, some reports showed
a superiority of EUS for small stones and biliary
[26]
sludge, especially if the bile duct is not dilated .
In particular, EUS has emerged as an accurate
diagnostic tool, as demonstrated by the results of a
[28]
recent meta-analysis . Moreover the use of EUS
significantly reduces the risk of overall complications
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Figure 2 endoscopic ultrasonography findings of common bile duct stone of 2.2 mm in a nondilated common bile duct (left); common bile duct stone
extraction during endoscopic retrograde cholangiopancreatography (right).

Table 3 Mean number and size (mm) of stone(s) in the
31 patients with common bile duct stones according to the
predetermined level of risk
Risk of common bile duct stones

Number,
mean ± SD

Size,
mean ± SD

1.5 ± 0.6
1.5 ± 0.5
1.5 ± 0.5
1.5 ± 0.5

3.5 ± 3.9
4.2 ± 1.8
5.6 ± 2.6
4.6 ± 2.2

Low (n = 4; 19%)
Moderate (n = 15; 58%)
High (n = 12; 50%)
Overall (n = 31; 44%)

of interventional ERCP; by performing EUS first, ERCP
may be safely avoided in two-thirds of patients with
[21]
suspected CBD stones .
Our study confirms the value of early EUS to
correctly stratify patients with mild ABP for the
presence of CBD stones. In particular, it is worth
noting that 20% of patients stratified in the low-risk
group according to clinical parameters were found to
have CBD stones by EUS, thus undergoing ERCP and
avoiding the risk of further pancreatic damage. By
contrast, in 50% of patients allocated in the high-risk
group based on clinical parameters, CBD stones were
not found by EUS, thus avoiding unnecessary ERCP.
Our data confirm that the commonly used clinical,
biochemical and radiological predictors of the presence
of choledocholithiasis are unreliable for predicting
the presence of CBD stones, with the exception of
CBD dilatation at transabdominal US. All the other
predictors, including bilirubin, AST, ALT, GGT, alkaline
phosphatase, and cholecystolithiasis at transabdominal
US were not significantly associated with CBD stones.
Our study showed that the pretest probability of
CBD stones in the low-risk group was about 20%, in
the moderate-risk group about 58%, and in the highrisk group 50%; these data confirm only in part the
probability rates in the three risk levels published by
[6]
the ASGE (10%, 50%, and > 50%, respectively) . As
expected, the relative risk of having choledocholithiasis
was 3.03 between the low- and the moderate-risk
group and 2.63 between the low- and the high-risk
group. The relative risk between the moderate- and
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the high-risk group was 0.86. These findings highlight
that the risk increases from the low-risk to other risk
groups, but it does not occur between the moderateand high-risk groups.
In the group of patients with normal gallbladder (no
cholecystolithiasis) at US, EUS revealed microlithiasis
in 20% of patients (2/10), thus allowing a better
[29]
evaluation and diagnosis of such cases . No asso
ciation was found between the size of stones and the
risk groups.
In our study, 3 patients (2 in the moderate-risk
group, 1 in the high-risk group) who had positive EUS
results for choledocholithiasis did not have CBD stones
at cholangiography and after sphincterotomy. These 3
patients can be considered as false-positive on EUS,
although for technical reasons ERCP can miss small
stones (< 5 mm) either at cholangiography or after
sphincterotomy. Moreover, cholangiography did not
detect the presence of stones in 2 patients who were
positive after sphincterotomy. This is due to the lower
[18,30,31]
sensitivity of cholangiography compared to EUS
.
Our study has also shown that all 40 patients
negative for choledocholithiasis on EUS improved
and showed the normalization of biochemical values
within 7 d of hospitalization. Furthermore, all patients
negative for CBD stones on EUS who underwent
cholecystectomy did not present a second biliary
episode for 6 mo. In particular, patients with high risk
for CBD stones according to clinical parameters but
negative EUS results were strictly followed for 6 mo
after index examination: none of them experienced
a second episode of ABP or biliary cholic, further
validating the role of EUS as a good predictor of
choledocholithiasis in the setting of ABP.
However, our study had several limitations. First,
these findings represent the experience of a single
center with the potential limitation of a small number
of patients enrolled. Another limitation could be that a
second diagnostic test to confirm the absence of CBD
stones in negative EUS patients was not scheduled.
However, the only reliable test in this setting, notably
MRI, is not a true gold standard mainly due to its low
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[26]

sensitivity for microlithiasis .
In conclusion, the present results conﬁrm that
EUS-guided ERCP is an accurate, safe, and quick
strategy as a ﬁrst step in the management of patients
with ABP. This approach allows clinicians not only to
identify patients who will beneﬁt from therapeutic
ERCP, thus reducing the risk of further pancreatic
damage, but also to select patients who do not need
ERCP, thus avoiding unnecessary operative procedures
and possible related complications. Therefore, as
the current guidelines suggest, we confirm that EUS
should be considered as a routine procedure for all
patients with ABP. Ideally the gastroenterologists
responsible for ERCP should be trained in EUS and vice
versa. In cases of ABP, an early EUS approach could
also be relevant terms of cost-effectiveness. Although
a cost analysis has not been performed in this study,
EUS offers the advantage of sharing the same sedation
procedures as ERCP, so that patients can be submitted
to both exams in the same session.
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therapeutic ERCP to minimize the risk of complications associated with
unnecessary diagnostic ERCPs. However, EUS is more accurate than MRCP in
the detection of small stones (< 5 mm), which are responsible for at least half of
all cases of ABP.

9

Innovations and breakthroughs

11

Early EUS in ABP allows, if appropriate, immediate endoscopic treatment and
significant spare of unnecessary operative procedures thus reducing possible
related complications.

10

12

Applications

A preliminary EUS may help in decision-making: if a stone is present, ERCP
with extraction can be performed in the same endoscopic session, whereas if
no stone is found, the patient can be spared the added risk, which is important
in terms of cost effectiveness.

Peer-review

The study tried to clarify a very controversial problem such as the best
diagnostic approach to CDS and pancreatitis. The idea is interesting and
there is a lack of consensus in the literature considering this issue The study
is well organized and present very interesting data. The article is well written,
conclusions are practical and clear.
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Abstract
AIM: To evaluate the efficacy of sequential vs hybrid
therapy in patients with Helicobacter pylori (H. pylori )
infection.
METHODS: From March 2013 to May 2014, one
hundred and seventy-five H. pylori infected patients
who had not been treated for H. pylori before were
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randomized to receive either sequential therapy
(rabeprazole 20 mg and amoxicillin 1 g twice daily for
5 d, followed by rabeprazole 20 mg, clarithromycin 500
mg and metronidazole 500 mg twice daily for 5 d) or
hybrid therapy (rabeprazole 20 mg and amoxicillin 1 g
for 7 d, followed by rabeprazole 20 mg, amoxicillin 1
g, clarithromycin 500 mg and metronidazole 500 mg
twice daily for 7 d). H. pylori status was confirmed by
positive results of both rapid urease test and histology
examination or a positive result of culture. Eradication
efficacy was assessed by follow-up endoscopy with
rapid urease test and histological examination 8 wk
13
after the end of anti-H. pylori therapy, or C-urea
breath test at least 4 wk after completion of treatment.
The primary outcome was H. pylori eradication by
intension-to-treat (ITT) and per-protocol (PP) analyses.
RESULTS: One hundred and sixty-seven patients (83
patients in the sequential group and 84 patients in the
hybrid group) completed the study. The compliance
rates were 97.6% and 97.7% for the two groups,
respectively. The eradication rate was 78.2% for the
sequential group and 92% for the hybrid group by ITT
analysis (p = 0.01). The eradication rate was 81.9%
for the sequential group and 96.4% for the hybrid
group by PP analysis (p = 0.01). Univariate analysis
for the clinical and bacterial factors did not identify any
risk factors associated with treatment failure. Severe
adverse events were observed in 2.3% of patients in
the sequential group and 2.4% of those in the hybrid
group.
CONCLUSION: Due to a grade A (> 95%) success
rate for H. pylori eradication by PP analysis, similar
compliance and adverse events, hybrid therapy seems
to be an appropriate eradication regimen in Taiwan.
Key words: Helicobacter pylori ; Sequential therapy;
Hybrid therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The ideal therapy regimen for Helicobacter
pylori (H. pylori ) infection should achieve an eradication

rate ≥ 90% on per-protocol analysis. Both the hybrid
and sequential therapies have shown eradication
rates superior to the standard triple therapy in several
studies. To the best of our knowledge, this is the first
study on the comparison between hybrid therapy
and sequential therapy in Taiwan population. Hybrid
regimen is a more effective therapy for H. pylori
eradication than sequential regimen.
Chen KY, Lin TJ, Lin CL, Lee HC, Wang CK, Wu DC. Hybrid
vs sequential therapy for eradication of Helicobacter pylori in
Taiwan: a prospective randomized trial. World J Gastroenterol
2015; 21(36): 10435-10442 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i36/10435.htm DOI: http://
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INTRODUCTION
Helicobacter pylori (H. pylori) infection is very common
worldwide, occurring in 40% to 50% of the population
in developed countries, in 80% to 90% of the
[1,2]
population in developing regions , and about 50%
[2]
of the population in Taiwan . H. pylori infection
causes chronic gastritis which significantly increases
[3,4]
the risk of developing gastric or duodenal ulcers ,
gastric adenocarcinoma, and mucosa-associated
[5,6]
lymphoid tissue (MALT) lymphoma . Eradication of
[7,8]
H. pylori infection prevents ulcer recurrence , leads
to a significant reduction of gastric cancer, decreases
intestinal type gastric cancer recurrence in patients
[9]
who underwent endoscopic resection , and results in
[10]
complete regression of 60%-83% of MALTomas .
Until recently, the gold standard regimen for H.
pylori eradication consisted of triple therapy with a
proton pump inhibitor (PPI) plus clarithromycin and
amoxicillin or metronidazole, administered for 7-14
[11,12]
d
. The failure rates of these standard therapies
[13-15]
range from 5% to 35%
. The main reasons
for eradication failure are poor patient compliance,
resistant bacteria, low gastric pH and a high bacterial
[16,17]
load
.
Sequential therapy, as originally defined, starts with
a simple double regimen of a PPI plus amoxicillin for 5
d, followed by a triple regimen of a PPI, clarithromycin,
[18]
and tinidazole for the next 5 d . Recent studies with
antimicrobial susceptibility testing have confirmed that
the superiority of sequential therapy over standard
triple therapy is primarily because of an improved
[19]
outcome with clarithromycin-resistant strains .
However, sequential therapy was not demonstrated to
achieve a per-protocol (PP) eradication rate of 95%.
[20]
In 2011, Hsu et al
report a study using a hybrid
regimen, starting with PPI plus amoxicillin for 7 d,
followed by a quadruple regimen of a PPI, amoxicillin,
clarithromycin, and metronidazole for the next 7 d.
The eradication rate was 99.1% by PP analysis and
97.4% by intension-to-treat (ITT) analysis. The ITT
eradication rates achieve grade A success based
on grading success (≥ 95% = A, 90%-94% = B,
[21]
85%-89% = C, 81%-84% = D, and ≤ 80% = F ).
Fewer studies compared sequential therapy with
hybrid therapy. Two studies from Italy and Iran that
compared sequential therapy for 10 d with hybrid
[22,23]
therapy for 14 d showed contradictory results
.
The reason was unknown because susceptibility
tests were not done. Therefore, we did a randomized
controlled trial to compare sequential regimen and
hybrid regimen for the treatment of H. pylori infection.
We assessed the antibiotic resistance that might affect
the eradication rate. In Taiwan, the rate of resistance
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to metronidazole is generally high and that to clari
thromycin is increasing, allowing the opportunity to
compare sequential therapy and hybrid therapy in
patients with single or dual antibiotic resistance.

MATERIALS AND METHODS

Questionnaires

Setting and participants

We surveyed patients who visited the gastroenterology
clinics of Taipei City Hospital between March 2013
and May 2014. Patients with H. pylori infection were
enrolled in this study. Pre-enrollment procedures
included biopsy of the gastric mucosa where the
presence of H. pylori was assessed by rapid urease
test, culture and histological examination of the
tissue. The presence of H. pylori was defined as: (1)
positive results of both rapid urease test and histology
examination; or (2) a positive result of culture. Blood
samples were taken for laboratory tests including renal
and liver function tests to ascertain that there were no
abnormal tests that would preclude entry into the trial.
Criteria for exclusion included: (1) use of antibiotics
within the preceding 30 d; (2) regular use of a PPI
(> 3 times per week) in the 30 d before enrollment;
(3) previous surgery of the stomach; (4) patients
previously treated for H. pylori infection; (5) use of
concomitant medication; (6) presence of a serious
medical condition; (7) known to interact with study
medication; (8) pregnancy or lactation; (9) allergy
to any medication in this study; and (10) presence
of Zollinger-Ellison syndrome. All participants gave
written informed consent. Our study was approved
by the ethic committee of Taipei City Hospital
(TCHIRB-1011111).

Interventions

The participants were randomly assigned to 10-d
sequential therapy (rabeprazole 20 mg and amoxicillin
1 g twice daily for 5 d, followed by rabeprazole 20 mg,
clarithromycin 500 mg and metronidazole 500 mg
twice daily for 5 d) or 14-d hybrid therapy (rabeprazole
20 mg and amoxicillin 1 g for 7 d, followed by
rabeprazole 20 mg, amoxicillin 1 g, clarithromycin 500
mg and metronidazole 500 mg twice daily for 7 d).
A trained interviewer used a standardized ques
tionnaire to obtain demographic data and medical
history. Patients were given a written handout with
instructions on how to take the medications correctly.

Follow-up and outcomes

Patients were asked to return 2 wk after the start of
drug administration to assess drug compliance and
adverse events. Drug compliance was assessed via pill
counts. Compliance termed as good was defined as
taking more than 80% of the total medication or poor
by counting unused medication after the treatment
was completed. Eradication efficacy was assessed by
(1) follow-up endoscopy with rapid urease test and
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histological examination 8 wk after the end of anti-H.
13
pylori therapy; or (2) C-urea breath test at least 4 wk
after completion of treatment. Eradication was defined
as either negative results of both urease test and
histology or a negative result of the urea breath test.

A complete medical history and demographic data
were obtained from each patient, including age, sex,
medical history, history of smoking, and alcohol,
coffee and tea consumption. Smokers were defined as
those who consumed more than 1 pack of cigarettes
a week, and drinkers were those who drank more
than 1 cup of alcoholic beverage per day. The adverse
events evaluated including diarrhea, constipation,
anorexia, nausea, vomiting, abdominal pain, skin
rash, headache, dizziness, bitter taste and fatigue.
We assessed adverse events according to a 4-point
scale system: none; mild (discomfort annoying but
not interfering with daily life); moderate (discomfort
resulting in interference with daily life); severe
(discomfort resulting in discontinuation of eradication
drug).

Rapid urease test and 13C-urea test

The results of rapid urease test (Delta West Bently,
Western, Australia) were interpreted as positive
if the color of the gel turned pink or red 6 h after
13
examination at room temperature. The C-urea
was manufactured by the Wagner Analysen Technik
13
Vertriebs GmbH, Germany. 75 mg C-urea mixed with
100 ml water was used as the test drink. The staffs
who were blinded to the H. pylori status performed the
tests.

Culture and pathological examination

Gastric specimens were taken, including one specimen
from the lesser curvature site of the antrum and
another from the lesser curvature site of the corpus
for histological examination. The specimens were fixed
with formalin, embedded in paraffin, and stained with
hematoxylin and erosin. The result of Gram staining
was considered positive when a curvy, gram-negative
bacterium was found. The histological features of the
gastric mucosa were graded according to the updated
[24]
Sydney System . The histopathologists were blinded
to patient status and the results of other laboratory
tests.
Biopsy specimens were rubbed on the surface of a
Columbia blood agar plate and then incubated at 35 ℃
under microaerobic conditions for 4-5 d. Culture of H.
pylori was considered positive if 1 or more colonies
showed gram-negativity, oxidase (+), catalase (+),
urease (+), and spiral or curved rods in morphology.

Antimicrobial resistance

One antral gastric biopsy specimen was obtained for
isolation of H. pylori. H. pylori subculturing was done
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Randomized, n = 175

Table 1 Demographic distribution of the subjects receiving
different eradication regimens
Characteristic
Age (mean ± SD), yr
Gender
(male/female)
Smoking
Alcohol consumption
Ingestion of coffee
NSAID user
Underlying diseases
Endoscopic finding
(Peptic ulcer/
non-ulcer dyspepsia)
Helicobacter pylori
density (mild/
moderate/marked)

Hybrid therapy
(n = 88)

Sequential therapy
(n = 87)

P value

52.1 ± 13.0
39/49

54.6 ± 13.2
25/62

0.26
0.04

14
20
61
8
26
46/42

6
18
57
8
23
32/55

0.10
0.74
0.59
0.96
0.77
0.06

Exclusion

Exclusion

8/42/38

4/57/26

0.26

No compliance (n = 2)
Drug interruption (n = 2)

No compliance (n = 2)
Drug interruption (n = 2)

Hybrid group, n = 88

Sequential group, n = 87

Included in ITT, n = 88

Included in ITT, n = 87

Included in PP, n = 84

by rubbing the specimens on the surface of a CampyBAP agar plate (Brucella agar; Difco, Sparks, Maryland)
+ IsoVitalex (Gibco, Grand Island, New York) +
10% whole sheep blood) followed by incubation at
37 ℃ under microaerobic conditions (5% O2, 10%
CO2, and 85% N2) for 4-5 d. H. pylori strains were
tested for clarithromycin, tetracycline, metronidazole,
amoxicillin, and levofloxacin susceptibility using E-test
(AB Biodisck, Solna, Sweden). H. pylori strains with
a minimal inhibitory concentration (MIC) value > 1
µg/mL, > 4 µg/mL, > 8 µg/mL, > 0.5 µg/mL, and >
1 µg/mL were defined as resistance to clarithromycin,
tetracycline, metronidazole, amoxicillin, and levofloxacin,
respectively.

Statistical analysis

The variables of primary outcome were the rates of
eradication, adverse events and compliance. The
difference of patients’ age in two groups was examined
using Student’s t-test. A two-sided P-value less than
0.05 was considered statistically significant. The
distribution of gender, smoking, alcohol consumption,
coffee ingestion, NSAID user and initial endoscopic
diagnosis between subjects in sequential and hybrid
2
groups were compared by χ test. The same method
was applied to compare the treatment efficacy and the
frequency of side effects of the two regimens. The data
were analyzed using the IBM SPSS statistics (version
22; SPSS Inc., Chicago, IL, United States).
Eradication rates were examined by ITT and PP
analyses. ITT analysis included all randomly assigned
patients who had taken at least one dose of medication.
Patients with unknown H. pylori infection status after
treatment were considered treatment failures for the
purposes of ITT analyses. Patients with unknown H.
pylori infection status or with major protocol violations
were excluded for the PP analyses. A two-sided P-value
less than 0.05 was considered statistically significant.
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Included in PP, n = 83

Figure 1 Flow chart of method of follow-up and treatment efficacy. ITT:
Intension-to-treat; PP: Per-protocol.

RESULTS
Characteristics of the study groups

A total of 175 patients with H. pylori infection were
randomly assigned to sequential (n = 87) or hybrid
(n = 88) therapy. The first patient was randomized
on March 18, 2013 and the last ended treatment
on May 1, 2014. All subjects were included in the
ITT analysis for H. pylori eradication. The baseline
demographic and clinical characteristics of patients
at entry are summarized in Table 1. The two groups
had comparable age, history of smoking, alcohol
consumption, ingestion of coffee, NSAID user,
underlying diseases, endoscopic finding and H.
pylori density. Among the subjects, four with poor
compliance and four lost to follow-up were excluded
from PP analysis for H. pylori eradication. Figure 1
summarizes the patient disposition.

Outcome of sequential and hybrid therapies

The therapeutic outcomes are shown in Table 2. PP
analysis demonstrated that hybrid therapy achieved
a better eradication rate than sequential therapy
[sequential, 81.9% (68/83), 95%CI: 73.6%-90.2%
vs hybrid, 96.4% (81/84), 95%CI: 92.5%-100.4%,
p = 0.01). For ITT analysis, the result was similar
[sequential, 78.2% (68/87), 95%CI: 69.5%-86.8%
vs hybrid, 92% (81/88), 95%CI: 86.4%-97.7%, p =
0.01].
Both groups displayed good compliance rates
(sequential, 97.6% vs hybrid, 96.5%, P = 0.99). The
results were the same when compliance was defined
as taking > 80% of the study medications.
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Table 2 Outcomes of sequential and hybrid therapy
Variable

Hybrid therapy

Sequential therapy

Patients

Eradication rate

95%CI

Patients

Eradication rate

95%CI

P value

88
84

92.0%
96.4%

86.4-97.7
92.5-100.4

87
83

78.2%
81.9%

69.5-86.8
73.6-90.2

0.01
0.01

Intension-to-treat analysis
Per-protocol analysis

Table 3 Adverse events during treatment
Hybrid therapy
Compliance, n (%)
Side effects, n (%)
Diarrhea
Constipation
Anorexia
Nausea
Vomiting
Abdominal pain
Skin rash
Headache
Dizziness
Bitter taste
Fatigue

84 (97.7)
52 (59)
16/1/11
1/0/0
0
4/1/0
5/2/0
5/0/0
3/2/0
9/1/1
6/1/0
25/6/0
3/0/0

Table 4 Univariate analysis of the clinical factors influencing
the efficacy of eradication therapy n (%)

Sequential therapy P value
83 (97.6)
60 (69)
15/0/0
2/0/0
1/0/0
9/0/1
3/1/0
9/0/0
1/2/0
16/1/1
9/0/0
36/3/0
4/0/0

Variable

0.99
0.22
0.42
0.50
0.70
0.92
0.57
0.87
0.74
0.41
0.70
0.17
0.30

Resistance
(n = 124)
Metronidazole
Susceptible
Resistant
Clarithromycin
Susceptible
Resistant
Tetracycline
Susceptible
Resistant
Levofloxacin
Susceptible
Resistant
Amoxicillin
Susceptible
Resistant
Dual resistance
Present
Absent
Compliance
Good
Poor
Smoking
Present
Absent
Alcohol
Present
Absent
Gastroduodenal
disease
Non-ulcer dyspepsia
Peptic ulcer
Bacterial density
Mild
Moderate/marked

1

Numbers of patients who suffered from, mild, moderate, and severe
adverse events.

Adverse events

Adverse events were reported in 112 (64%) of the
175 patients (Table 3); 69% (60/87) of patients in the
sequential group and 59% (52/88) in the hybrid group
report at least one adverse event during eradication
therapy. The frequency was similar between the two
groups (P = 0.164). Bitter taste (40%) and diarrhea
(18.9%) were the most common adverse events. Four
patients discontinued the treatments owing to adverse
events (< 80% of total medicine), including two
patients (2.3%) from the sequential group (diarrhea,
one patients; headache, one patient) and two patients
(2.4%) from the hybrid group (nausea, one patient;
headache, one patient). Overall, four patients had poor
drug compliance.

Antibiotic resistance

H. pylori strain was successfully isolated from 124
(70.9%) of all enrolled patients who underwent
bacterial culture during the initial endoscopy. The rates
of resistance were as follows: amoxicillin, 0% (0/124);
metronidazole, 37.9% (47/124); clarithromycin,
15.3% (19/124); tetracycline, 0.8% (1/124);
levofloxacin, 16.9% (21/124). The dual antibiotic
resistance rate (metronidazole and clarithromycin) was
8.9% (11/124).

Factors influencing efficacy of eradication therapy

The clinical and bacterial factors influencing the efficacy
of therapy are shown in Table 4. Univariate analysis
for the clinical and bacterial factors did not identify any
risk factors associated with treatment failure. Those
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Sequential
therapy

P value

n = 59

Hybrid
therapy
n = 65

0.22
32 (84.2)
14 (66.7)

0.74
37 (94.9)
25 (96.1)

0.73
37 (77.1)
9 (81.8)

0.51
54 (94.7)
8 (100)

0.59
45 (77.6)
1 (100)

NA
62 (95.4)

0.46
36 (75.0)
10 (90.9)

0.45
52 (94.5)
10 (100)

NA
46 (78.0)

NA
62 (95.4)

0.66
5 (71.4)
41 (78.8)

0.65
4 (100)
58 (95.0)

0.47
66 (79.5)
2 (100)

0.66
78 (94.0)
3 (100)

0.2
6 (100)
62 (78.5)

0.31
14 (100)
67 (93.1)

0.29
16 (88.9)
52 (77.6)

0.21
20 (100)
61 (92.4)

0.91
43 (79.6)
25 (80.6)

0.57
38 (92.7)
43 (95.6)

0.31
4 (100)
64 (79.0)

P value

0.4
7 (87.5)
74 (94.9)

with single or dual (metronidazole and clarithromycin)
antibiotic resistance were not a predictor of eradication
in both groups. Compliance, smoking and alcohol
consumption did not affect the result in either group.

DISCUSSION
The standard triple therapy is the most used treatment
in routine clinical practice. However, the raising
prevalence of clarithromycin and metronidazole
resistance in recent year has caused a corresponding
decrease in the eradication rates of H. pylori infection.
It is clear that alternative regimens, particular for
patients with clarithromycin-resistant strains of
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H. pylori, are urgently needed. We conducted a
randomized, controlled trial to assess sequential and
hybrid therapies for H. pylori infection. The finding
of this study demonstrated a significantly higher
eradication rate of hybrid therapy than sequential
therapy, regardless of using ITT (92% vs 78.2%) or PP
(96.4% vs 81.9%) analysis.
The reported eradication rate of sequential therapy
[18]
varies between 78% and 97% . Most of the studies
conducted in Italy showed that the sequential therapy
was more effective than triple therapy. Conversely,
the studies from Latin America and South Korea
reported that sequential therapy was not superior to
[25,26]
triple therapy
. The difference in the prevalence of
antibiotic resistance between the studies was probably
[27]
the most important explanation. Although Zullo et al
found that the sequential therapy was not affected by
metronidazole and clarithromycin resistance, except in
the presence of dual metronidazole and clarithromycin
[28]
resistance. Another study from Liou et al
noted the
10-d sequential therapy was affected by metronidazole
or clarithromycin resistance. The eradication rate was
73% (32/44) in metronidazole resistant group and
59% (10/17) in clarithromycin resistant group. The
sensitivity test of our study showed that the rates of
resistance to clarithromycin and metronidazole were
15.3% and 37.9%, respectively. We did not find a
significant effect of metronidazole and clarithromycin
resistance. However, the eradication rate was 66.7%
in the presence of metronidazole resistance.
According to Maastricht Ⅳ consensus report,
bismuth-containing quadruple or sequential therapy
should be used empirically in the ﬁrst-line therapy,
when the clarithromycin resistance rate is higher than
[29]
15%-20% . Nevertheless, our data did not lend
support to the use of sequential therapy as first-line
therapy due to the acceptable eradication rate (81.9%).
Taken the latest results into consideration, a more
efficient therapy should be needed.
[20]
Hsu et al
reported a 99.1% eradication rate
with hybrid regimen by PP analysis. They concluded
that the high eradication rate of hybrid regimen can
be attributed to the treatment duration extending
and continuing the amoxicillin through the entire 14
d therapy. In particular, the eradication rate of hybrid
therapy for those with dual resistance was 100%.
[23]
Sardarian et al
reported an eradication rate of
92.9% with hybrid regimen compared to 76.7% with
the sequential regimen (p = 0.001). In our study,
hybrid therapy achieved a 96.4% eradication rate
(grade A success) by PP analysis.
It has previously been suggested that sequential
therapy was likely to fail in the presence of dual
clarithromycin and metronidazole resistance. A study
[30]
by Wu et al reported three patients in the sequential
group had strains of H. pylori with dual resistance, and
the eradication rate was 33.3% (1/3). Another study
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[31]

from Vaira et al reported that none of the 4 patients
with dual resistance strains achieved eradication
with the sequential treatment. Our data showed that
sequential therapy achieved a 71.4% (5/7) eradication
rate in patients with dual resistance strains. On the
other hand, hybrid therapy achieved a 100% (4/4)
eradication rate, which is consistent with the study
[20]
report from Hsu et al . These arguments are based
on the results from a very small subset of patients in a
single study and, therefore, more studies are needed.
Smoking had been showed to reduce the effec
tiveness of treatment and appeared possibly important
[32-35]
in some sequential trials
. In our study, there was
no significant effect of smoking in both groups. Even
so, the prevalence of smoking was relatively low in
our study population. Our study also demonstrated
that the eradication rate was not affected by
bacterial density, alcohol consumption, compliance,
gastroduodenal disease and antibiotic resistance in
both groups.
In this study, both regimens were well tolerated
and exhibited good compliance. Fifty-nine percent of
patients in the hybrid group and 69% in the sequential
group reported at least one adverse event during
the eradication therapy. The frequency was similar
between the two groups (p = 0.22). Most adverse
events were mild, and only four patients (hybrid
group, two patients; sequential group, two patients)
discontinued therapy due to severe adverse events.
The most common adverse event was bitter taste
in both groups, which affected 31 (36%) patients in
the hybrid and 39 (45.9%) patients in the sequential
group. However, it did not result in any therapy disconti
[23]
nuation. Sardarian et al
compared the adverse
events between hybrid therapy and sequential therapy,
and they also reported a similar side effect rate with
bad taste having the most common incidence.
Both hybrid and sequential therapies had similar
patient compliance in our study (97.6% vs 97.5%, p =
0.99). This is in accordance with other study reports.
[23]
Sardarian et al
reported a 96.7% adherence rate in
the hybrid therapy group and 98.6% in the sequential
therapy group. The relative complexity of the hybrid
regimen did not affect the compliance.
Some limitations should be acknowledged in our
study. First, this is a single-center study comprising
a relatively small sample size. A large, multicenter,
randomized study is probably necessary to confirm
the efficacy of those therapies. Second, antibiotic
susceptibility data were available in only 70.9% of
patients, which might raise the possibility of selection
bias. This percentage was mainly related to the fact
[36]
that the culture rate of H. pylori is less than perfect .
In conclusion, due to a grade A (> 95%) successful
rate for H. pylori eradication, similar compliance and
side events, hybrid therapy seems to be an appropriate
eradication regimen in Taiwan.
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Abstract
AIM: To compare the efficacy and safety of chemoem
bolization alone or chemoembolization combined
with hepatic arterial infusion chemotherapy (HAIC),
including oxaliplatin (OXA), 5-fluorouracil (5-FU) and
folinic acid (CF), in inoperable hepatocellular carcinoma
(HCC) without distant metastasis.
METHODS: Eighty-four inoperable HCC patients
were enrolled. Thirty-nine patients underwent
chemoembolization alone, and the other 45 patients
underwent chemoembolization + HAIC (OXA/5-FU/CF)
treatment non-randomly. The progression free survival
(PFS), objective response rate (ORR), disease control
rate (DCR) and adverse reactions were compared
between the two groups.
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RESULTS: A significant difference in the ORR was
observed between the chemoembolization alone and
chemoembolization + HAIC groups. There was no
statistically significant difference in DCR between
the two groups. The median PFS (mPFS) showed
a significant difference between the two groups.
For patients with BCLC stage A/B disease, with or
without vessel invasion, the chemoembolization +
HAIC group showed better mPFS when compared
to chemoembolization alone, but no significant
difference was found in patients with BCLC stage C
disease. The parameter of pain (grade Ⅲ-Ⅳ) in the
chemoembolization + HAIC group was increased
statistically.
CONCLUSION: Chemoembolization combined with
HAIC with OXA/5-FU/CF may be safe and more
effective than chemoembolization alone for inoperable
HCC patients without distant metastasis.
Key words: Chemoembolization; Hepatic arterial
infusion chemotherapy; Oxaliplatin; Hepatocellular
carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Eighty-four inoperable hepatocellular
carcinoma (HCC) patients were enrolled, 39 patients
underwent chemoembolization alone, and the other
45 patients underwent chemoembolization + hepatic
arterial infusion chemotherapy (HAIC) [oxaliplatin
(OXA)/5-fluorouracil (5-FU)/folinic acid (CF)] treatment
non-randomly. The progression free survival (PFS),
objective response rate (ORR), disease control rate
(DCR) and adverse reactions were compared between
the two groups. A significant difference in the ORR
was observed between the two groups. There was
no statistically significant difference in DCR between
the two groups. The median PFS (mPFS) showed
a significant difference between the two groups.
For patients with BCLC stage A/B disease, with or
without vessel invasion, the chemoembolization +
HAIC group showed better mPFS when compared
to chemoembolization alone, but no significant
difference was found in patients with BCLC stage C
disease. The parameter of pain (grade Ⅲ-Ⅳ) in the
chemoembolization + HAIC group was increased
statistically. Chemoembolization combined with HAIC
with OXA/5-FU/CF may be safe and more effective than
chemoembolization alone for inoperable HCC patients
without distant metastases.
Gao S, Zhang PJ, Guo JH, Chen H, Xu HF, Liu P, Yang RJ, Zhu
X. Chemoembolization alone vs combined chemoembolization
and hepatic arterial infusion chemotherapy in inoperable
hepatocellular carcinoma patients. World J Gastroenterol 2015;
21(36): 10443-10452 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i36/10443.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i36.10443
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1]
common malignant tumors worldwide . Chemoem
bolization is an effective treatment that has been
[2,3]
widely used to treat unresectable HCC . Combined
with chemoembolization, treatments such as radio
frequency ablation (RFA), microwave ablation,
absolute alcohol injection, sorafenib and hepatic
artery infusion chemotherapy (HAIC) have been the
[4]
recent focus of HCC interventional clinical studies .
Because of the multidrug resistance mechanisms of
HCC, traditional systemic chemotherapeutic drugs are
generally not helpful in eliminating HCC cells. Recently,
some new anti-tumor drugs and formulations, such
as oxaliplatin (OXA), capecitabine and gemcitabine,
have been investigated in HCC chemotherapy
clinical studies. In addition, the treatment containing
[5,6]
OXA demonstrated better safety and efficacy
.
Chemotherapy for unresectable cases of middle- and
late-stage HCC again garnered attention. In 2010,
an open, randomized, controlled, multicenter phase
Ⅲ clinical study (EACH test) of the use of FOLFOX4
venous chemotherapy to treat inoperable HCC showed
that the FOLFOX 4 protocol had significant advantages
in terms of overall survival (OS) and tumor progression
(TTP); in terms of toxicities and side effects, this
[7]
regimen was well tolerated .
Compared to systemic chemotherapy, chemo
therapeutic drugs are directly infused into the blood
supply through the hepatic artery to directly expose
HCC cells to high-concentration drugs, which may
reduce the systemic side effects caused by excessively
high concentrations of drugs in the peripheral blood
[8]
during systemic chemotherapy . A number of clinical
studies of HAIC with OXA used to treat hepatic
metastasis for colon or rectal cancer have illustrated
[9-11]
[12]
its good curative effect and safety
. Rathore et al
reported a phase Ⅰ study in which the single drug OXA
was perfused in a dose-escalation test through the
hepatic artery to treat HCC and a curative effect was
2
observed; the administration of OXA (150 mg/m )
during HAIC treatment for middle- and late-stage
HCC was safe and effective. However, few high-level
evidence-based clinical studies of HAIC with OXA for
[13]
the treatment of HCC have been reported .
[14,15]
In our study, based on our previous results
,
we aimed to conduct a phase Ⅱ, prospective, nonrandomized clinical study in inoperable HCC patients
without extra-hepatic metastasis. The curative effect
and safety of the combination of chemoembolization
and HAIC with OXA/5-fluorouracil (5-FU)/folinic acid
(CF) were investigated.

MATERIALS AND METHODS
Patient enrollment

From December 2010 to August 2011, patients
who had been diagnosed with HCC based on clinical
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and pathologic manifestations [using the American
Association for the Study of Liver Diseases (AASLD)
criteria] at the Department of Interventional Treatment
[16]
in our hospital were enrolled . A total of 84 HCC
patients were enrolled, including 39 patients who
were treated with chemoembolization alone and 45
patients who were treated with chemoembolization
combined with HAIC containing OXA/5-FU/CF. Our
study was approved by the local ethics committee
and conducted according to the standards of the
Declaration of Helsinki, and informed written consent
was obtained from all patients. The patients treated
with chemoembolization were defined as the control
group (group A). Patients who were treated with the
combination of chemoembolization and OXA/5-FU/CFcontaining HAIC were defined as group B. The curative
[17]
effect (modified RECIST) , progression free survival
(PFS) rate and safety were compared between the
two groups. Two groups of patients were enrolled on
a non-randomized basis; approximately 40 patients
were enrolled in each group.
The following inclusion criteria were applied: (1)
male or female patients 18-80 years of age; (2)
inoperable HCC patients (i.e., the surgical department
eliminated a surgical option) without extrahepatic
metastasis, including patients who had undergone
surgery but suffered recurrence; (3) Child-Pugh grade
A or B for liver function; (4) Barcelona staging (BCLC
staging) of hepatic lymph node metastasis (N1) and
distant metastasis (M1), except for patients in stage
A, B or C; (5) an Eastern Cooperative Oncology
Group (ECOG) patient state (PS) grade of 0 or 1; (6)
patients who had enough reserve functions in the liver,
kidney and medulla ossium; and (7) and an estimated
survival time ≥ 12 wk.
The following exclusion criteria were applied: (1)
the development or simultaneous development of other
histological tumors; (2) patients who had undergone
liver transplant surgery or received any other prior
anti-tumor treatments, including interferon (IFN-α),
systemic chemotherapy, and sorafenib; (3) patients
who had developed severe coronary heart disease,
severe arrhythmia requiring treatment with medicines
other than a β receptor blocking agent or digoxin,
severe active infection (> grade 2, NCI - CTCAE v3.0
criteria), combined HIV infection, renal insufficiency
[creatinine (Cr) level > 2 mg/dL], unconsciousness
(including patients with a history of epilepsy), severe
allergic constitution, or allergy to contrast media; (4)
women who were pregnant or lactating at the time of
enrollment; (5) ECOG grading, PS > 2; (6) Child-Pugh
grade C for liver function; (7) BCLC staging, stage 0 or
D; (8) the tumor volume accounted for > 70% of the
liver volume; and (9) portal vein thrombosis with no
obvious collateral circulation established.

Treatment regimen

As shown in Figure 1, the chemoembolization treatment
for all enrolled patients was performed with a digital
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subtraction angiography (DSA) machine (Innova 4100
IQ, GE Corporation, United States) in our hospital.
Group A received the chemoembolization treatment
alone using the right femoral approach; DSA of the
celiac, superior mesenteric and splenic arteries was
performed to evaluate the hepatic arterial anatomy
and tumor blood supply. The portal venous system
was evaluated in the portal venous phases of the
superior mesenteric or splenic angiograms. A 2.7 F
microcatheter (Progreat, Terumo, Japan) was advanced
coaxially through the outer catheter for selective
catheterization of the arteries supplying the tumor.
A total of 40 mg of emulsified epirubicin (EPI) and
lipiodol (total volume < 20 mL) was administered for
embolization. For some large tumors, polyvinyl alcohol
particles (PVA) embolization was performed. If there
was extrahepatic parasitic blood supply to the tumor
(e.g., from the right phrenic artery, left gastric artery,
or right inferior adrenal artery), chemoembolization
was recommended and performed after selective
catheterization through the parasitic artery.
For patients in group B, the chemoembolization
treatment was performed as described above. If the
microcatheter head was near the gastroduodenal
artery or the right gastric artery, microcoil embolization
was performed; to protect the normal gastrointestinal
tract, the microcatheter was reserved at the proper
hepatic artery or at the left or right hepatic artery. After
the patient returned to the ward, the microcatheter
was externally connected to the artery infusion pump
(Model LP 2000-P2) to administer the following HAIC
2
treatment: OXA [60-75 mg/m (Child-Pugh A, 75
2
2
mg/m and Child-Pugh B, 60 mg/m )] intra-arterially
2
administered for 0-4 h; CF (200 mg/m ) intravenously
2
administered for 2-4 h; and 5-FU [1-1.5 g/m (Child2
2
Pugh A, 1.5 g/m and Child-Pugh B, 1 g/m )] intraarterially administered for 4-24 h.
After the treatment was completed in both groups,
the indwelling catheter in the artery was removed, and
the pressure hemostasis was regulated at the puncture
point. All patients were given a fluid infusion to support
and protect the liver treatment.

Observed clinical data

During and after the arterial chemotherapy treatment,
any development of pain, fever, nausea, vomiting and
anxiety was recorded. Then, 5-7 d later, laboratory
tests were performed, including a routine blood test
and thrombotest, blood ammonia and liver and kidney
function tests. These tests were repeated after 4-6
wk to observe any adverse reactions in the patients.
Contrast enhanced magnetic resonance imaging (MRI)
or computed tomography (CT) examinations were
performed every 4-6 wk to evaluate the treatment
(mRECIST) efficacy.
The original treatment protocol was stopped, and
the PFS time was recorded if any of the following
developments occurred: (1) the patient died or there
were extrahepatic metastases or intrahepatic lesion
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About 80 HCC patients
The surgical department has eliminated a surgical option
PS = 0 or 1
Child-Pugh grade A or B
BCLC stages A or B
BCLC stages C, Non N1, M1

Layered study:
With or without tumorous vascular invasion
ECOG : PS = 0 or 1
BCLC Stage C or not

Chemoembolization treatment

Chemoembolization + HAIC treatment

EPI 40 mg + lipiodol (< 20 mL), PVA for
Chemoembolization treatment

EPI 40 mg + lipiodol (< 20 mL), PVA for
Chemoembolization treatment; microcatheter is
reserved at the proper hepatic artery, or at the left
or right artery of the liver

2

OXA: 60-75 mg/m pumped after 0-4 h via artery;
2
CF: 200 mg/m , pumped after 2-4 h intro-venous;
2
5-FU:1-1.5 g/m , pumped after 4-24 h via artery

Treatment and curative effect evaluated every 4-6 wk

Study objective:
1: PFS
2: Curative effect: ORR, DCR
3: Safety

Figure 1 Flow chart of the treatment scheme. PFS: Progression free survival; ORR: Objective response rate; DCR: Disease control rate; HAIC: Hepatic arterial
infusion chemotherapy; PVA: Polyvinyl alcohol particles; BCLC: Barcelona Clinic Liver Cancer staging.

development; (2) there were intolerable grade Ⅳ
adverse reactions (NCI-CTCAE v3.0 criteria); or (3) a
Child-Pugh class of C and an ECOG > 2 were recorded.
The following supplementary descriptions were also
recorded in our study: (1) if the patients demonstrated
stable conditions with complete response (CR), an
alpha-fetoprotein (AFP) recheck was performed every
3 mo at the clinic or ward, and contrast enhanced
MRI or CT evaluations were conducted; (2) if there
were any new tumor nodes (> 5 mm) in the liver,
the progressive disease (PD) was evaluated, and
the PFS was recorded. The original protocol could be
administered for continuous treatment. When PD was
identified twice consecutively, the patient was excluded
from the study and received regular follow-ups; and
(3) the HCC patients who received stage-Ⅱ resection
or ablation after these interventional treatments were
excluded. Only the curative effect and safety were
evaluated; no PFS rates were recorded.

Follow-up analysis

All patients received chemoembolization alone or
combined treatment at least once; then, the efficacy
and safety of the two protocols were evaluated:
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(1) The curative effect, according to the mRECIST,
was analyzed and evaluated, including the objective
response rate (ORR) of the tumor/disease control rate
(DCR): ORR = CR + partial response (PR); DCR = CR
+ PR + C (SD); and (2) The median progression free
survival (mPFS) was analyzed. Any adverse reactions
were recorded, and the safety of this treatment was
evaluated (NCI-CTCAE v3.0; Levi special grading
[18]
standard for sensory nerve toxicity) .

Statistical analysis

All data were analyzed using SPSS Version 15.0
(SPSS Inc., 2006, Chicago IL, United States). The
end point of this clinical study was mPFS. When the
patients died, or if the tumors progressed, the PFS
time was recorded for the survival analysis. If the
treatment was terminated due to the loss of followup information, if the patient underwent surgery after
the interventional treatment, if the patient’s general
condition deteriorated (PS > 2), if the patient’s liver
function deteriorated (Child-Pugh C), or if the patient
experienced intolerable adverse reactions, then the
last examination and evaluation time or the resection
time of the patient was recorded and designated as
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Table 1 Baseline clinical characteristics of patients enrolled n (%)

Age (yr)
Gender
Male
Female
Hepatitis condition
Hepatitis B
Hepatitis C
Hepatitis B + hepatitis C
Non-hepatitis
Grading of physical condition
PS = 0
PS = 1
Ascites
Yes
No
Liver function Child-Pugh
Grade A
Grade B
Diameter of tumor target lesion (cm)
≤ 10
> 10
Number of tumor
>3
≤3
Blood vessel invasion
No
Yes
BCLC stage
Stage A
Stage B
Stage C
Relapse after surgical resection
Follow-up time, median (mo)

Chemoembolization group (n = 39)

Chemoembolization + HAIC group (n = 45)

P -value

59.69 ± 13.13

57.16 ± 10.34

0.325
0.832

35 (89.7)
4 (10.3)

41 (91.1)
4 (8.9)

32 (82.1)
3 (7.7)
1 (2.6)
3 (7.7)

39 (86.7)
3 (6.7)
3 (6.7)
0

18 (46.2)
21 (53.8)

24 (53.3)
21 (46.7)

10 (25.6)
29 (82.4)

11 (24.4)
34 (75.6)

36 (92.3)
3 (7.7)

41 (91.1)
4 (8.9)

19 (48.7)
20 (51.3)

29 (64.4)
16 (35.6)

22 (56.4)
17 (43.6)

31 (68.9)
14 (31.1)

26 (66.7)
13 (33.3)

30 (66.7)
15 (33.3)

4 (10.3)
9 (23.1)
22 (56.4)
4 (10.3)
7.2 (1.3-15.2)

3 (6.7)
15 (33.3)
21 (44.1)
6 (13.3)
9.3 (3.8-14.6)

0.309

0.393

0.900

0.075

0.347

0.149

1.000

0.860

censored data for the survival analysis. The curative
effect, ORR and DCR of the two groups were compared
using the Pearson correlation coefficient and the Chisquared test. The mPFS time (Kaplan-Meier method)
was assessed for all enrolled HCC patients. Log-rank
tests were used to perform the univariate analysis for
[19]
the PS status, liver function (Child-Pugh grading) ,
vascular invasion, AFP value, total bilirubin value,
tumor quantity and the diameter of the tumorous
target lesion. Multivariate analysis was performed
using the Cox proportional hazards regression model.
The Pearson method or the Fisher’s exact test and
the Chi-square test were used to compare the rate of
adverse reactions in the two groups, with P < 0.05
indicating statistical significance.

RESULTS
Comparison of baseline clinical characteristics of the
enrolled patients

As shown in Table 1, the baseline clinical characteristics
of the enrolled patients showed no significant difference
between the two groups. Clinical characteristics,
including age, gender, hepatitis conditions, physical
condition grading, ascites, Child-Pugh grade, diameter
of tumor target lesion, number of tumors, blood
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0.169

vessel invasion, Barcelona stage and follow-up time,
showed no significant differences between the two
groups (P > 0.05). The blood test indicators, including
white blood cell count, hemoglobin value, platelet
count, glutamate pyruvate transaminase, glutamicoxaloacetic transaminase, total bilirubin, serum
albumin, prothrombin time, creatinine and AFP, also
showed no significant difference between the two
groups (P > 0.05), as shown in Supplementary Table 1.

Overall therapeutic evaluation

As shown in Table 2, excluding the two patients in
the chemoembolization treatment group who were
lost to follow-up, the ORR was 45.9%. The ORR in
the chemoembolization + HAIC treatment group
was 68.9%. There were statistically significant
differences between the two groups (P = 0.036). In
the chemoembolization + HAIC treatment group,
the DCR was 86.7%, which was higher than that in
the chemoembolization group; however, there was
no statistically significant difference between the two
groups (P = 0.068).

Univariate and multivariate analyses of prognosis of
inoperable HCC patients

As shown in Table 3, two patients were excluded from
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Table 2 Overall curative effect based on mRECIST criteria n
Chemoembolization Chemoembolization + HAIC P -value
group (n = 39)
group (n = 45)
CR
PR
SD
PD
Not
evaluated
ORR
DCR

5
12
9
11
2 (lost)

12
19
8
6
0

17/37 (45.9%)
26/37 (70.3%)

31/45 (68.9%)
39/45 (86.7%)

0.036
0.068

DCR = CR + PR + SD; ORR = CR + PR; P value: Pearson method, χ 2 test.
DCR: Disease control rate; PR: Partial response; SD: Partial response; ORR:
Objective response rate.

group A: one patient experienced a reduced lesion
size after treatment, and based on the PR benchmark,
this patient received surgical resection; and one
patient received the combined RF treatment after
three chemoembolization treatments. Three patients
were excluded from group B: one patient received
resection after experiencing a lesion size reduction
and reduced tumor thrombosis located in the portal
vein left branch, based on the PR benchmark; and two
patients received the combined RF treatment after
chemoembolization + HAIC treatment. After KaplanMeier univariate analysis, the following conditions,
which showed significant differences in terms of mPFS
between the two groups, were associated with a
better prognosis and longer mPFS: chemoembolization
combined with HAIC (P = 0.00049), ECOG grading PS
= 0 (P = 0.00014), BCLC stage A or B (P = 0.00051),
no vascular tumor invasion (P = 0.00047), AFP < 400
ng/mL (P = 0.03), a target lesion diameter sum ≤
10 cm (P = 0.00011), and albumin (Alb) ≥ 35 g/L
(P = 0.027). The other factors showed no significant
differences in terms of MPFS between the two groups,
as shown in Supplementary Table 2.
Then, a Cox proportional hazards regression model
was used to conduct the multivariate analysis of the
patients in terms of interventional therapy proposal,
ECOG grade, BCLC stage, vascular tumor invasion,
AFP, sum of tumor target lesion diameter and Alb. The
model demonstrated that the chemoembolization +
HAIC treatment (P = 0.00048) was an independent
good prognostic factor, but BCLC stage C (P = 0.003)
and vascular tumor invasion (P = 0.050) were
independent poor prognostic factors for inoperable
HCC patients.

Survival analysis

After the univariate and multivariate analyses, a
survival analysis of the three factors was performed,
including the interventional therapy proposal, BCLC
stage, and vascular tumor invasion. As shown in
Figure 2, the mPFS in the chemoembolization + HAIC
treatment group (8.0 mo, 95%CI: 7.2-8.8 mo) was
significantly better than that in the chemoembolization-

WJG|www.wjgnet.com

only treatment group (4.5 mo, 95%CI: 3.3-5.7 mo).
As shown in Figure 3A, for patients with BCLC stage
A/B disease, the mPFS was prolonged in group B (9.7
mo, 95%CI: 4.6-14.9 mo) compared with group A
(6.9 mo, 95%CI: 4.5-9.2 mo); however, there were
no statistically significant differences between the
two groups (P = 0.170). As shown in Figure 3B, for
the BCLC Stage C patients, group B (4.5 mo, 95%CI:
0.1-9.6 mo) had better mPFS than group A (3.6 mo,
95%CI: 2.6-4.5 mo), and there was a statistically
significant difference between the two groups (P
= 0.004). As shown in Figure 3C, for patients with
no vessel invasion, the mPFS rate in group B (9.9
mo, 95%CI: 7.1-12.7 mo) was significantly better
compared with that of patients in group A (5.6 mo,
95%CI: 3.8-7.4 mo) (P = 0.001). As shown in Figure
3D, for patients with vessel invasion, group B (4.2
mo, 95%CI: 2.8-5.6 mo) also had significantly better
mPFS than group A (3.0 mo, 95%CI: 1.2-4.8 mo) (P
= 0.044).

Adverse reactions

The patients in group A received a total of 92
treatments, and the patients in group B received a
total of 137 treatments. As shown in Table 4, when
grades Ⅰ and Ⅱ adverse reactions were compared
2
between the two groups (χ test), we found that
the chemoembolization group had fewer reactions.
The adverse reactions, including low platelets (P =
0.001), nausea (P = 0.030), and vomiting (P = 0.025)
demonstrated significant differences. When grades Ⅲ
and Ⅳ adverse reactions were compared between the
two groups, there was a significant difference in pain (P
= 0.008).

DISCUSSION
According to clinical meta-analysis for a number
of international HCC interventional treatments,
chemoembolization has not demonstrated a better
curative effect or greater survival benefits compared
[20-23]
with embolization treatment
, and the effect of
perfusion chemotherapy through the hepatic artery
[16]
is questionable . This finding may be related to the
following factors: there are significant differences in
terms of the enrolled patients and treatment methods
for chemoembolization in each clinical study; there
is no standard for the selection of chemotherapeutic
drugs and doses; and no high-level evidence[21]
based studies have been proposed . In addition,
the perfusion time through the hepatic artery is
short and does not consider the metabolism of the
chemotherapeutic drug in the liver and tumor.
In our study, we selected a small dose of OXA
2
(60-75 mg/m ) combined with 5-FU for the continuous
HAIC treatment administered to the patients. CF was
given to increase the response rate of 5-FU through
chemical biological tuning. Compared to the previous
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Table 3 Univariate and multivariate prognostic analyses of the patients (n = 79)
Correlative factor

Number of cases

Kaplan-Meier univariate analysis
mPFS (mo)

Interventional therapy
Chemoembolization
Chemoembolization combined with
HAIC
Grading of physical condition
PS = 0
PS = 1
Vascular invasion1
No
Yes
BCLC Stage2
Stage C
Stage A or B
AFP (ng/mL)
< 400
≥ 400
Sum of tumor target lesion diameter
(cm)
≤ 10
> 10
Serum albumin (g/L)
< 35
≥ 35

95%CI

37
42

4.5
8.0

3.3-5.7
7.2-8.8

40
39

8.9
4.5

6.2-11.5
3.7-5.2

52
27

7.9
3.8

7.3-8.5
2.7-4.8

30
39

3.8
9.3

3.0-4.6
6.7-11.9

52
27

7.3
4.5

5.8-8.8
2.1-7.0

45
34

7.8
4.3

6.1-9.5
3.2-5.3

7
72

4.3
7.3

3.0-5.6
5.9-8.6

Cox multivariate analysis

P -value

Sig

EXP(B)

95%CI

0.00049

0.00048

0.26

0.174-0.612

0.00014

0.312

1.525

0.674-3.452

0.00047

0.050

1.963

0.989-3.898

0.00051

0.003

3.083

1.479-6.426

0.03

0.488

1.255

0.660-2.386

0.00011

0.326

1.449

0.691-3.338

0.027

0.27

0.628

0.275-1.434

1

Venous invasion refers to portal vein or hepatic vein tumor thrombosis, APVS; 2BCLC staging did not include patients who relapsed after surgery.
PFS: Progression free survival; mPFS: Median progression free survival; AFP: Alpha-fetoprotein; HAIC: Hepatic arterial infusion chemotherapy; BCLC:
Barcelona Clinic Liver Cancer staging.

Cumulative survival function

1.0

A Group vs B Group
P = 0.00049

0.8
0.6
0.4
A Group
B Group
0-Censored
1-Censored

0.2
0.0
0.0

2.0

4.0

6.0 8.0 10.0 12.0 14.0
PFS (mo)

Figure 2 Comparison of the median progression free survival in the
chemoembolization + hepatic arterial infusion chemotherapy treatment
group (group B) and chemoembolization alone treatment group (group A).
HAIC: Hepatic arterial infusion chemotherapy.

studies, we designated the chemoembolization
treatment group as the control group to ensure that
we could better observe the effects of HAIC. The
mRECIST criteria that introduced the concept of the
“active lesion” were used for the analysis, which may
more objectively and accurately reflect the curative
effect compared with the original RECIST criteria
[24-26]
for HCC
. Our study results demonstrated that
chemoembolization + HAIC treatment is significantly
better than chemoembolization treatment alone in
terms of DCR, and our findings also support the use
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of ORR compared with chemoembolization treatment
alone. Data from the integrated study show that the
chemoembolization + HAIC combined treatment
may significantly increase the short-term effect of
the treatment for the HCC patients who have no
metastasis or unresectable tumors, and it may extend
the mPFS.
In addition, the chemoembolization + HAIC
treatment demonstrated a better prognosis than the
chemoembolization treatment alone. The survival
analysis results also showed that for patients with
or without vascular invasion, the mPFS between
the chemoembolization + HAIC treatment and
chemoembolization treatment showed a statistically
significant difference. For the BCLC stage C patients,
the mPFS for the chemoembolization + HAIC group
was significantly prolonged, with a better curative
effect. The following may explain this improvement:
chemoembolization caused tumor ischemia, and the
induced transmembrane ion pump failed, which, to
some extent, had a synergistic effect combined with
the high-concentration chemotherapy and enabled
the tumor cells to absorb more chemotherapeutic
[27]
drugs ; and after the chemoembolization treatment,
HAIC had a therapeutic effect on the portal vein,
hepatic vein tumor thrombosis, and the tumor,
evidenced by the lack of obvious feeding vessels in
[28,29]
the angiography
. For the HCC patients with BCLC
stage A or B disease, the mPFS rate was prolonged in
the chemoembolization + HAIC treatment compared
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Figure 3 Comparison of the median progression free survival in patients with different BCLC stages and patient state in the chemoembolization + hepatic
arterial infusion chemotherapy treatment group (group B) and chemoembolization alone treatment group (group A). A: Hepatocellular carcinoma (HCC)
patients with BCLC stage A/B disease; B: HCC patients with BCLC stage C disease; C: HCC patients without vessel invasion; D: HCC patients with vessel invasion.
HAIC: Hepatic arterial infusion chemotherapy.
Table 4 Adverse reactions of patients enrolled in our study n (%)
Adverse reaction
Hematologic toxicity
Reduction of white cells
Reduction of hemoglobin
Reduction of thrombocyte
Non-hematologic toxicity
Increase of total bilirubin
Increase of glutamate pyruvate
transaminase
Increase of glutamic-oxaloacetic
transaminase
Fever
Pain1
Nausea
Vomit
Diarrhea
Constipation
Neurotoxicity2

Chemoembolization (n = 92)

Chemoembolization + HAIC (n = 137)

Ⅰ+ Ⅱ

Ⅲ+Ⅳ

Ⅰ+Ⅱ

Ⅲ+Ⅳ

P1

P2

13 (14.1)
17 (18.5)
19 (20.7)

0
3 (3.3)
7 (7.6)

21 (15.3)
21 (15.3)
57 (41.6)

2 (1.4)
2 (1.4)
5 (3.6)

0.803
0.530
0.001

0.393
0.231

38 (41.3)
55 (59.8)

4 (4.3)
5 (5.4)

74 (54.0)
78 (56.9)

5 (3.6)
11 (8.0)

0.059
0.668

0.744
0.450

50 (54.3)

8 (8.7)

82 (59.8)

9 (6.5)

0.408

0.547

55 (59.8)
40 (43.5)
47 (51.1)
19 (20.7)
1 (1.1)
18 (19.6)
-

11 (12.0)
3 (3.3)
3 (3.3)
0
0
1 (1.1)
-

64 (46.7)
63 (46.0)
91 (66.4)
47 (34.3)
4 (3.0)
29 (21.2)
13 (6.8)

12 (8.8)
19 (13.9)
5 (3.6)
3 (2.2)
0
0
0

0.052
0.708
0.030
0.025
0.768
0.6513
-

0.430
0.008
0.875
-

1

Pain was evaluated according to the grading standards for acute and subacute toxicity reactions for anti-cancer drugs issued by the WHO; 2Neurotoxicity
was evaluated according to the Levi special grading standard for sensory nerve toxicity; 3Fisher’s exact testing method, χ 2 test (P1 value: comparison of
grades Ⅰ + Ⅱ adverse reactions between the two groups; P2 value: comparison of grades Ⅲ + Ⅳ adverse reactions between the two groups). Statistics for
adverse events: Evaluation based on the NCI - CTCAE v3.0 criteria. P-values: Pearson method, χ 2 test.
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with that in the chemoembolization-only treatment
group, although there was no statistically significant
difference between the two groups, which may be
related to the small number of enrolled patients.
Although the tumor vessels were already embolized
with chemoembolization, the vessels may recur and
the HAIC treatment may have a therapeutic effect on
the tumor mass if it was completely embolized.
In terms of adverse reactions, our study results
showed that the chemoembolization + HAIC treat
ment demonstrated good safety and tolerance. The
chemoembolization + HAIC treatment increased the
occurrence of adverse reactions, including grades ⅠⅡ low platelet count, nausea and vomiting. However,
in terms of grades Ⅲ-Ⅳ adverse reactions, statistically
significant differences were only found for pain.
Meanwhile, during the chemoembolization + HAIC
treatment in this study, no bleeding, thrombus,
infection or other related complications caused by
the indwelling catheter were found. Note that in
group B, OXA caused sharp pain (VAS: Grade 8-10)
in six different patients at the midsection during the
administration of HAIC (most of which occurred in 2-4
hours after the chemotherapy). The HAIC treatment
was complemented with lidocaine given at intervals
during the infusion treatment. The specific cause and
mechanism of the sharp pain experienced by the
patient may be related to the local administration of
[30]
the high-concentration chemotherapy drugs . This
side effect should be further observed in future clinical
studies.
There were also some limitations to our study.
First, the patients were not enrolled on a randomized
basis, and the data may be affected by a selection
bias. Most of the enrolled HCC patients had ChildPugh grade A, PS = 0 or 1, and whether the patients
with Child-Pugh grade B and PS = 2 can benefit
from chemoembolization + HAIC treatment must be
assessed in our future study. Second, the therapy
endpoints of chemoembolization were not completely
consistent. Some patients were treated with PVA
particles, which may affect the study result. Third, the
number of enrolled patients for this study was small,
and a multi-center analysis is needed.
In conclusion, chemoembolization combined with HAIC
with OXA/5-FU/CF may be a generally safe treatment,
and it is more effective than chemoembolization alone
for patients with unresectable HCC without distant
metastasis. Based on these promising results, a largescale, multicenter, randomized, controlled study should
be conducted in the future.

(HCC) have been reported.

Research frontiers

We conducted a phase Ⅱ, prospective, non-randomized clinical study in
inoperable HCC patients without extra-hepatic metastases. The curative effect
and safety of the combination of chemoembolization and HAIC with OXA/5fluorouracil (5-Fu)/folinic acid (CF) were investigated.

Innovations and breakthroughs

Chemoembolization combined with HAIC with OXA/5-Fu/CF may be a generally
safe treatment.

Applications

Chemoembolization combined with HAIC with OXA/5-Fu/CF may be more
effective than chemoembolization alone for patients with unresectable HCC
without distant metastasis.

Terminology

Chemoembolization combined with HAIC with OXA/5-Fu/CF showed be taken
into consideration for the therapy for patients with unresectable HCC without
distant metastasis, and more evidence should be used to demonstrate the
therapy effect.

Peer-review

This study found that chemoembolization combined with HAIC with OXA/5Fu/CF may be safe and more effective than chemoembolization alone for
inoperable HCC patients without distant metastasis. Over all, this study is well
designed, and the manuscript is interesting.
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Abstract
AIM: To assess the correlation between decreased
Muc5AC expression and patients’ survival and clinico
pathological characteristics by conducting a metaanalysis.
METHODS: Literature searches were performed
in PubMed and EMBASE, and 11 studies met our
criteria. Summary hazard ratios or odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated
to estimate the effect. For the pooled analysis of the
correlation between decreased Muc5AC expression
and clinicopathological characteristics (tumour invasion
depth, lymph node metastasis, tumour-node-metastasis
stage, tumour size, venous invasion and lymphatic
invasion), ORs and their variance were combined to
estimate the effect.
RESULTS: Eleven retrospective cohort studies
comprising 2135 patients were included to assess the
association between Muc5AC expression and overall
survival and/or clinicopathological characteristics.
Decreased Muc5AC expression was significantly
correlated with poor overall survival of gastric cancer
patients (pooled HR = 1.35, 95%CI: 1.08-1.7). Moreover,
decreased Muc5AC expression was also significantly
associated with tumour invasion depth (pooled OR =
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2.12, 95%CI: 1.56-2.87) and lymph node metastasis
(pooled OR = 1.56, 95%CI: 1.00-2.44) in gastric cancer.
CONCLUSION: Decreased Muc5AC expression might
be a poor prognostic predictor for gastric cancer.
Key words: Prognosis; Muc5AC; Gastric cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The association of decreased Muc5AC
expression in gastric cancer and its prognostic value
have been investigated for years; however, the results
are controversial and inconclusive. To the best of our
knowledge, this is the first meta-analysis suggesting
that decreased Muc5AC expression is an unfavourable
prognostic biomarker for gastric cancer patients.
Patients with decreased Muc5AC expression are more
likely to have poor overall survival and aggressive
histopathological features.
Zhang CT, He KC, Pan F, Li Y, Wu J. Prognostic value
of Muc5AC in gastric cancer: A meta-analysis. World J
Gastroenterol 2015; 21(36): 10453-10460 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i36/10453.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i36.10453

INTRODUCTION
The incidence rate of gastric cancer has decreased
substantially today as a result of healthy diet,
reduction of Helicobacter pylori (H. pylori) infection
and introduction of screening using photoﬂuorography.
However, 989600 new gastric cancer cases are
estimated to have occurred in 2008. Although the
highest incidence rates were observed in East Asia,
gastric cancer is still the second most frequent cause
of cancer-related death worldwide, leading to 738000
[1,2]
deaths in 2008 . Despite the availability of new
[3]
treatments , the 5-year survival rate for gastric cancer
[2]
patients remains lower than 25% . It is imperative to
identify an established marker possessing predicative
value for the survival of gastric cancer patients. The
prognosis of gastric cancer depends mostly on the
histopathological grade and the stage. However,
these findings are not always sufficient to predict
the probability of relapse, metastasis and overall
[4-6]
survival
. Therefore, new prognostic factors are
needed and have been detected in many studies.
Furthermore, the discovery of new prognostic factors
may aid in a more accurate prediction of clinical
outcome and may also reveal new therapeutic
[7]
targets . Many studies have evaluated prognostic
markers associated with clinical outcomes, typically
overall survival, in gastric cancer. Of these, Muc5AC,
considered a very important prognostic marker, has
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been widely investigated.
Mucins are a group of diverse, complex, high
molecular-weight glycoproteins that are major
components of the mucus gel covering the gastric
mucosa. Normal functions of mucins include protection
against mechanical and chemical aggression,
lubrication and acid resistance. Two forms of mucins
have been reported: secreted and membrane[8,9]
bound . Muc5AC is a secreted gel-forming mucin and
is limited to the cytoplasm of the foveolar epithelium
and mucous neck cells throughout the stomach.
Besides being a protective layer and a diffusion barrier
for hydrochloric acid, Muc5AC was also reported
to suppress the release of tumour cells, resulting
[10-12]
in a decrease in invasion and metastasis
. The
process of neoplastic transformation in the stomach
is associated with decreased expression of Muc5AC.
Muc5AC expression was reported to be absent or
[13-15]
low in some gastric cancer cases
. Controversies
and conﬂicting results about the prognostic role of
low Muc5AC expression in gastric cancer have been
[16]
published. Kocer et al
reported that gastric cancer
patients with decreased Muc5AC expression have
[17]
better overall survival. However, Suh et al
reported
that decreased Muc5AC expression possesses no
prognostic significance in determining the overall
[18]
survival of gastric cancer patients. Wang et al
reported that decreased Muc5AC expression was a
poor prognostic marker in gastric cancer. Thus we
conducted this meta-analysis to assess the prognostic
significance of decreased Muc5AC expression for
gastric cancer patients.

MATERIALS AND METHODS
Literature retrieval

We performed a computerized search in PubMed
and EMBASE to identify studies by using the terms
“Muc5AC,” “Mucin 5AC,” “Muc-5AC,” “gastric cancer,”
“gastric carcinoma,” “gastric neoplasm,” “stomach
cancer” and “prognosis”, “prognostic” and “survival” on
November 8th, 2013. We did not consider conference
abstracts because of limited data reported in them.

Eligibility criteria

Studies meeting the following criteria were included:
(1) the correlation between MUC5AC expression and
overall survival and/or clinicopathological characteristics
of gastric cancer was evaluated; (2) MUC5AC
expression was measured by immunohistochemistry
(IHC) in the primary tumour tissues; (3) sufficient
information was provided to allow for estimation of
hazard ratios (HRs) and/or odds ratios (ORs) and their
invariance; and (4) study was published as a full paper
in the English language. Studies were excluded for
the following reasons: (1) duplicate; (2) cell or animal
experiment; and (3) letters to the editor or reviews.
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their variance were combined to estimate the effect .
An observed HR or OR > 1 implied a worse
prognosis for the group with decreased Muc5AC
expression and would be considered to be statistically
significant if the 95%CI did not cross 1. These
results are presented in forest plot graphs and the
funnel plot was examined to explore the possibility of
publication bias. In addition, sensitivity analysis was
also conducted by sequential omission of individual
studies to evaluate stability of the results. All statistical
analyses with a P-value < 0.05 were considered
statistically significant. Statistical analyses were
performed using Review Manager (RevMan) Version
5.1.

Records indentified through
database searching on line
(n = 132)

Irrelevant studies excluded after
reading abstract (n = 79)

Full-text articles assessed for
eligibility (n = 53)
Full-text articles excluded (n = 42)
No clinicopathological parameters
or survival analysis data (n = 18)
Date not sufficient (n = 16)
Letters or Reviews (n = 2)
Duplicates (n = 5)
Not IHC (n = 1)

RESULTS
Eligible studies and characteristics

Studies included in this metaanalysis (n = 11)

Figure 1 Flow chart of the study selection process.

Data extraction and management

Articles were reviewed independently by two investigators
(He KC and Zhang CT) for data extraction. Disagreements
were resolved by consensus. Data were extracted from
eligible studies independently by the two investigators.
If the results reported in the identified studies overlapped
(e.g., same authors and institutions), only the most
recent or the most complete study was involved in the
analysis. The two investigators reviewed each eligible
study and extracted data into a table that included
the author’s name, year of publication, study location,
number of patients, medium age, cut-off value and
primary antibody.

Statistical analysis

For the quantitative aggregation of the survival
outcome, the ability of decreased Muc5AC expression
to predict survival was measured by HR, which was
pooled from the HR estimates of included studies using
the fixed effects model with the assumption of the
[19]
heterogeneity of the HR estimates . The between2
study heterogeneity was tested by performing I and
2
χ measures. A random effect model was performed
[20]
when the P-value of heterogeneity test was < 0.1 .
For each study, the log hazard ratio estimate and
its standard error (SE) were calculated from the
data offered in the manuscript or read from KaplanMeier survival curve using an approach reported
[21]
in a previous publication . Subgroup analyses by
stratifying on study location, number of patients and
cut-off value were conducted. For the pooled analysis
of the correlations between decreased Muc5AC
expression and clinicopathological characteristics
(depth of tumour invasion, lymph node metastasis,
tumour-node-metastasis (TNM) stage, tumour size,
venous invasion and lymphatic invasion), ORs and

WJG|www.wjgnet.com

As shown in Figure 1, a total of 132 studies were
identified using the search strategy as described
above. After the first screening, 79 citations were
excluded from analysis based on abstracts, leaving
53 studies for full-text review. Upon further review,
18 were excluded because there was no data about
survival analysis or clinicopathological characteristics,
16 were excluded because of insufficient reported data
to calculate HR or OR, five were excluded because
their data overlapped with other studies and one
was excluded because the authors assessed Muc5AC
expression using a method other than IHC. After
careful review, 11 retrospective studies were enrolled
to assess the prognostic value of Muc5AC expression
[12,16-18,23-29]
in gastric cancer
, and no prospective study
was found.
The characteristics of included studies eligible
for the meta-analysis are presented in Table 1. Four
studies evaluated the patients from Korea, two from
Turkey, two from Japan, two from China and one from
Germany. The 11 studies contained 2135 patients
with sample sizes ranging from 44 to 450 patients.
Two studies had data only for overall survival, while
five studies had data only for the clinicopathological
characteristics. Four studies with data on overall
survival also had data on clinicopathological cha
racteristics. In particular, Dae and Sung used the same
patients sample and we extracted the HR from the
Dae’s study and clinicopathological parameters from
Sung’s.

Correlation between Muc5AC expression and overall
survival

A forest plot of the HR estimates and results from the
meta-analysis is presented in Figure 2. Six studies (n
= 1396) of correlation between decreased Muc5AC
expression and overall survival were included to
conduct a quantitative aggregation of the survival
results. The gastric cancer patients with decreased
Muc5AC expression demonstrated a significantly
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Table 1 Characteristics of the included studies
No.
1
2
3
4
5
6
7
8
9
10
11

Ref.

Year

Area

No. of
patients

Baldus et al[23]
Dae et al[25]
Ilhan et al[24]
Kocer et al[16]
Lee et al[26]
Shiratsu et al[27]
Suh et al[17]
Sung et al[12]
Tajima et al[28]
Wang et al[18]
Wang et al[29]

2002
2013
2010
2004
2001
2013
2012
2013
2001
2003
2003

Germany
South Korea
Turkey
Turkey
South Korea
Japan
South Korea
South Korea
Japan
China
China

200
412
257
44
300
214
450
412
136
76
46

Gender M/F Medium age
107/93
286/126
201/56
31/13
203/97
150/64
328/122
286/126
82/54
52/24
34/12

Therapy before
surgical resection

Antibody used

Cut-off value

Purpose

No
No
No
No
NR
No
No
No
No
NR
NR

CLH2
CLH2
45M1
45M1
CLH2
CLH2
NR
CLH2
45M1
45M1
45M1

35%
10%
5%
10%
20%
5%
10%
5%
10%
5%
0%

C/HR
HR
C
C/HR
C
C/HR
HR
C
C
C/HR
C

60.8
58.5
NR
59.75
NR
NR
57.5
58.5
61.7
65.0
54.6

NR: Not reported; M: Male; F: Female; C: Clinicopathological characteristics; HR: Hazard ratio.

Study or subgroup

log [hazard ratio]

SE

Weight

Hazard ratio IV, fixed, 95%CI

0.37
0.51
-0.56
-0.028
0.16
1.07

0.19
0.30
0.54
0.38
0.23
0.45

37.9%
15.2%
4.7%
9.5%
25.9%
6.8%

1.45 [1.00, 2.10]
1.67 [0.92, 3.00]
0.57 [0.20, 1.65]
0.97 [0.46, 2.05]
1.17 [0.75,1.84]
2.92 [1.21, 7.04]

Total (95%CI)
100.0%
2
2
Heterogeneity: χ = 7.20, df = 5 (P = 0.21); I = 31%
Test for overall effect: Z = 2.59 (P = 0.010)

1.35 [1.08, 1.70]

Baldus 2002
Dae 2013
Kocer 2004
Shiratsu 2013
Suh 2012
Wang-J 2003

Hazard ratio IV, fixed, 95%CI

0.02
0.1
1
10
50
Favours experimental
Favours control

Figure 2 Forest plot of hazard ratio for association between decreased Muc5AC expression and overall survival of patients with gastric cancer.

poorer overall survival than those with preserved
Muc5AC expression (pooled HR = 1.35, 95%CI:
1.08-1.7, fixed effects). The between-heterogeneity
2
was nonsignificant (I = 31%, P = 0.21). We then
performed subgroup analysis by study location, cutoff value and number of patients (Table 2). Subgroup
analysis indicated that there still was a significant
relation between decreased Muc5AC expression and
overall survival of patients from east Asian countries
(pooled HR = 1.39, 95%CI: 1.03-1.88, fixed effects),
from the studies with more than 200 patients (pooled
HR = 1.34, 95%CI: 1.05-1.71, fixed effects) and from
the studies with cut-off values > 10% (pooled HR =
1.32, 95%CI: 1.03-1.7, fixed effects).
The funnel plots for publication bias did not
exhibit asymmetry (Figure 3). Thus, no evidence of
publication bias was detected.

Association of Muc5AC expression with depth of tumour
invasion and lymph node metastasis

We evaluated the correlation between Muc5AC
expression and depth of tumour invasion and lymph
node metastasis of gastric cancer. As shown in Figure
4, the data combined from five studies including 990
patients indicated that low expression of Muc5AC
was significantly associated with depth of tumour
invasion (pooled OR = 2.12, 95%CI: 1.56-2.87,
fixed effects) and there was no significant between-
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2

study heterogeneity (I = 2%, P = 0.4). Moreover,
decreased Muc5AC expression was also associated
with lymph node metastasis (pooled OR = 1.56,
95%CI: 1.00-2.44, random effects). Eight studies
including 1384 patients were involved in this analysis,
and the between-study heterogeneity was significant
2
(I = 66%, P = 0.005). Formal statistical significance
with no significant between-study heterogeneity was
claimed when analyses were limited to studies with
over 200 patients (pooled OR = 1.61, 95%CI: 1.13-2.3,
random-effect) (Figure 5). Sensitivity analysis indicated
that the results were not significantly influenced by
omitting any single study.

Association of Muc5AC expression with TNM stage,
tumour size, venous and lymphatic invasion

We observed a trend toward a correlation of decreased
Muc5AC expression with advanced TNM stage (pooled
OR = 1.25, 95%CI: 0.92-1.69, larger tumour size (≥
5 cm vs < 5 cm: pooled OR = 1.38, 95%CI: 0.84-2.28),
venous invasion (positive vs negative: pooled OR
= 1.26, 95%CI: 0.82-1.94) and lymphatic invasion
(positive vs negative: OR = 1.26, 95%CI: 0.89-1.8).
The meta-analysis of the association between Muc5AC
2
and TNM stage had between-study heterogeneity (I =
78%, P = 0.003), whereas analysis of other histological
2
features presented no significant heterogeneity (I =
0%-35%) (Table 3).
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Table 2 Subgroup analysis of pooled hazard ratio in gastric
cancer patients with decreased Muc5AC expression
No. of
patients

Pooled HR
(95%CI)

4
2

1152
244

1.39 (1.03-1.88)
1.31 (0.92-1.86)

33%
62%

0.21
0.10

4
2

1276
120

1.34 (1.05-1.71)
1.49 (0.76-2.94)

0%
81%

0.63
0.02

4
2

1106
290

1.32 (1.03-1.7)
1.54 (0.87-2.71)

14%
71%

0.32
0.06

0.2

Heterogeneity

I

2

SE (log [hazard ratio])

Study location
East Asia
Non-East Asia
Sample size
≥ 200
< 200
Cut-off value
≥ 10%
< 10%

No. of
studies

P -value

0.6

0.8

1

DISCUSSION
Muc5AC is a secreted gel-forming mucin and is limited
to the cytoplasm of the foveolar epithelium and
mucous neck cells throughout the stomach, playing
a very important role in protecting the stomach.
Muc5AC was reported to have been decreased in
some non-neoplastic and preneoplastic conditions.
In H. pylori associated gastritis, H. pylori disrupts
the assembly of the mucin molecule via inhibition
of galactosyltransferase and reduces gastric mucus
[30,31]
viscosity by elevating pH through urease secretion
.
In intestinal metaplasia, the expression pattern of
mucin peptides is altered, leading to reduced Muc5AC
immunoreactivity, especially in type Ⅰ intestinal
[32]
metaplasia . Muc5AC expression was reported
to be absent or low in some gastric cancer cases.
The molecular mechanisms that result in decreased
[13-15,33]
Muc5AC expression remain poorly understood
.
The prognostic role of decreased Muc5AC expression
in gastric cancer has been widely investigated.
The aim of this meta-analysis was to assess the
association between decreased Muc5AC expression
and overall survival and clinicopathological features
of gastric cancer. Our analysis pooled the HRs and
ORs based on 11 studies comprising 2135 patients
with gastric cancer, covering the period from 2001 to
2013, indicating that decreased Muc5AC expression
significantly predicted poor overall survival of gastric
cancer patients. Moreover, correlations between
decreased Muc5AC expression and depth of tumour
invasion and lymph node metastasis were also found
to be significant. Although there were no significant
correlations between decreased Muc5AC expression
and TNM stage, tumour size, venous invasion and
lymphatic invasion, we detected trends for advanced
TNM stage (stages Ⅲ and Ⅳ), larger tumour size (>
5 cm), venous invasion and lymphatic invasion to be
associated with decreased Muc5AC expression. These
results might be due to the small number of patients
included in the meta-analysis. More patients and
studies will be needed to confirm our findings in the
future.
In this research, there was no significant between-
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0.4

0.02

0.1

1
Hazard ratio

10

50

Figure 3 Funnel plot of decreased Muc5AC expression and overall
survival of patients with gastric cancer.

study heterogeneity for most tests of the included
studies, except Muc5AC expression with lymph node
metastasis and TNM stage. Small sample size might
contribute to the between-study heterogeneity of
association of Muc5AC expression with lymph node
metastasis, because the between-study heterogeneity
was nonsignificant when the number of patients was
expanded to 200. To identify the source of heterogeneity
of correlation between Muc5AC expression and TNM
stage, we found that TNM system used by Ilhan was
th
th
the 6 edition whereas other authors used the 5
[34,35]
edition
. There was no significant heterogeneity
of correlation between Muc5AC and TNM stage when
2
we excluded the Ilhan’s study (I = 46%, P = 0.16).
Furthermore, because an optimal threshold has not
been deﬁned, the cut-off value deﬁning a gastric
cancer with decreased Muc5AC expression is arbitrary,
which might produce heterogeneity. However, there
was no significant heterogeneity of correlation between
decreased Muc5AC expression and overall survival of
gastric cancer patients. The association of decreased
Muc5AC expression and overall survival of patients
from the studies with a cut-off value greater than 10%
is still significant. The results indicated that cut-off
value had no significant association with heterogeneity.
We enlarged the sample size by conducting this
meta-analysis to obtain more accurate results. Certain
unsolvable limitations in this meta-analysis need
to be pointed out. First, the technique of detecting
Muc5AC was IHC staining, which contains a variety
of methodological factors, such as fixation method
of paraffin-embedded tissues, storage time, different
primary antibodies, protocols and different definitions
of positivity. Second, unpublished studies and con
ference abstracts were not included in our analysis
because of limited data for methodology assessment
and data synthesis. This research was also restricted
to studies published in English language because
other languages were not available for most authors
and readers. Therefore, publication bias and language
[36,37]
bias might have occurred
. However, we did not
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Study or subgroup
Baldus 2002
Ilhan 2010
Sung 2013
Wang 2003
Wang-J 2003

Experimental
Events
Total
21
141
57
17
35

69
148
134
27
44

Control
Events
Total
26
93
82
8
15

Total (95%CI)
422
Total events
271
224
2
2
Heterogeneity: χ = 4.07, df = 4 (P = 0.40); I = 2%
Test for overall effect: Z = 4.81 (P < 0.00001)

Weight

Odds ratio
M-H, fixed, 95%CI

131
109
278
18
32

22.6%
9.2%
55.4%
6.4%
6.4%

1.77 [0.91, 3.45]
3.47 [1.37, 8.75]
1.77 [1.15, 2.72]
2.13 [0.63, 7.16]
4.41 [1.61, 12.09]

568

100.0%

2.12 [1.56, 2.87]

Odds ratio
M-H, fixed, 95%CI

0.02

0.1
1
10
T1 + T2 T3 + T4

50

Figure 4 Forest plot of odds ratio for association between decreased Muc5AC expression and depth of tumour invasion in patients with gastric cancer.

Study or subgroup

Experimental
Events
Total

Control
Events
Total

Sample size ≥ 200 patients
Baldus 2002
51
69
91
131
Ilhan 2010
123
148
71
109
Shirarsu 2013
56
123
39
91
Sung 2013
67
134
101
278
Subtotal (95%CI)
474
609
Total events
297
302
2
2
2
Heterogeneity: Tau = 0.06; χ = 5.23, df = 3 (P = 0.16); I = 43%
Test for overall effect: Z = 2.61 (P = 0.009)
Sample size < 200 patients
Kocer 2004
12
15
Tajima 2001
42
61
Wang 2003
13
27
Wang-J 2003
40
44
Subtotal (95%CI)
147
Total events
107
2
2
Heterogeneity: Tau = 1.32; χ = 14.80, df = 3 (P
Test for overall effect: Z = 0.74 (P = 0.46)

23
57
9
15

29
75
18
32
154

Weight

Odds ratio
M-H, random, 95%CI

14.6%
15.6%
16.2%
18.0%
64.4%

1.25 [0.65, 2.39]
2.63 [1.47, 4.72]
1.11 [0.65, 1.92]
1.75 [1.15, 2.66]
1.61 [1.13, 2.30]

6.0%
13.2%
8.4%
8.1%
35.6%

1.04 [0.22, 4.92]
0.70 [0.33, 1.49]
0.93 [0.28, 3.06]
11.33 [3.28, 39.18]
1.62 [0.45, 5.79]

100.0%

1.56 [1.00, 2.44]

Odds ratio
M-H, random, 95%CI

104
2
= 0.002); I = 80%

Total (95%CI)
621
763
Total events
404
406
2
2
2
Heterogeneity: Tau = 0.24; χ = 20.45, df = 7 (P = 0.005); I = 66%
Test for overall effect: Z = 1.96 (P = 0.05)
2
2
Test for subgroup differences: χ = 0.00, df = 1 (P = 0.99); I = 0%

0.02
0.1
Lymph node metastasis (-)

1

10
50
Lymph node metastasis (+)

Figure 5 Forest plot of odds ratio for association between decreased Muc5AC expression and lymph node metastasis in patients with gastric cancer.

find a publication bias of correlation between Muc5AC
expression and overall survival of patients with gastric
cancer in this study. We tried to get relevant data that
were not available from the published reports, but it
was unavoidable that some data that might reduce
the significance of decreased Muc5AC expression as
a poor prognostic maker in gastric cancer might be
missed. Third, although decreased Muc5AC expression
was associated with stage of disease, it was impossible
to make a subgroup analysis of stage because there
[13]
was no sufficient data in this meta-analysis .
Luckily, we found trends for correlations of Muc5AC
with overall survival and histopathological features
in whatever clinical stage. Therefore, although we
minimized the bias by confirming a detailed protocol
before carrying out this study, by performing a careful
search for published studies and by using standard
methods for study recruiting, data extraction and
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data analysis, conclusions about associations between
decreased Muc5AC expression and overall survival and
clinicopathological features of gastric cancer still need
to be drawn discreetly.
We speculate that Muc5AC could be a candidate
biomarker for the prediction of prognosis and aggre
ssiveness in gastric cancer because Muc5AC is
frequently used as a marker in the practice of
surgical pathology and is easily detected by routine
immunohistochemistry of biopsy samples. To our
knowledge, this is the first meta-analysis that suggests
decreased Muc5AC expression is an unfavourable
prognostic biomarker for gastric cancer patients.
Patients with decreased Muc5AC expression are more
likely to have poor overall survival and aggressive
histopathological features. However, larger studies
using standardized unbiased methods are still required
before measuring immunohistochemical Muc5AC as a
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Table 3 Meta-analysis of decreased Muc5AC expression and clinicopathological characteristics of gastric cancer
Clinicopathological characteristic

No. of studies

No. of patients

Pooled OR (95%CI)

Heterogeneity

I2
TNM stage
Tumor size
Venous invasion
Lymphatic invasion

4
3
3
3

801
257
394
650

1.15 (0.56-2.34), Random
1.38 (0.84-2.28), Fixed
1.26 (0.82-1.94), Fixed
1.27 (0.89-1.80), Fixed

7

prognostic tool.
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8
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Abstract
This is the first report describing a case where
prolonged, severe malabsorption from brown bowel
syndrome progressed to multifocally spread small bowel
adenocarcinoma. This case involves a female patient
who was initially diagnosed with chronic jejunitis
associated with primary diffuse lymphangiectasia at
the age of 26 years. The course of the disease was
clinically, endoscopically, and histologically followed
for 21 years until her death at the age 47 due to
multifocal, metastasizing adenocarcinoma of the
small bowel. Multiple lipofuscin deposits (so-called
brown bowel syndrome) and severe jejunitis were
observed microscopically, and sections of the small
bowel showed dense lymphoplasmacytic infiltration
of the lamina propria as well as blocked lymphatic
vessels. After several decades, multifocal nests of
adenocarcinoma cells and extensive, flat, neoplastic
mucosal proliferations were found only in the small
bowel, along with a loss of the mismatch repair
protein MLH1 as a long-term consequence of chronic
jejunitis with malabsorption. No evidence was found
for hereditary nonpolyposis colon carcinoma syndrome.
This article demonstrates for the first time multifocal
carcinogenesis in the small bowel in a malabsorption
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syndrome in an enteritis-dysplasia-carcinoma sequence.
Key words: Brown bowel syndrome; Carcinogenesis of
the small bowel; Enteritis-dysplasia-carcinoma sequence;
Malabsorption
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Severe malabsorption associated with brown
bowel syndrome can progress to multifocally spread
small bowel adenocarcinoma. This report describes the
clinical course of a woman suffering from a long-lasting
malabsorption syndrome who developed small bowel
adenocarcinoma in an enteritis-dysplasia-carcinoma
sequence. After several decades of chronic jejunitis
with malabsorption, multifocal nests of adenocarcinoma
cells were found only in the small bowel without
evidence of hereditary nonpolyposis colon carcinoma
syndrome.
Raithel M, Rau TT, Hagel AF, Albrecht H, de Rossi T, Kirchner T,
Hahn EG. Jejunitis and brown bowel syndrome with multifocal
carcinogenesis of the small bowel. World J Gastroenterol 2015;
21(36): 10461-10467 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i36/10461.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i36.10461

INTRODUCTION
Brown bowel syndrome is caused by a lipofuscinosis,
primarily in the small bowel, which is characterized
macroscopically by an orange-brown appearance.
The brown coloring occurs from increased lipofuscin
aggregates, particularly in the apical enterocytes,
which are thought to result from vitamin E deficiency
[1-3]
caused by longtime chronic malabsorption . This
report describes the case of a woman with brown bowel
syndrome that progressed over several decades into
multifocally spread small bowel adenocarcinoma. To
the best of our knowledge, this is the first presentation
of a small bowel adenocarcinoma caused by long-term
malabsorption and brown bowel syndrome.

CASE REPORT
Clinical presentation at diagnosis

The patient initially complained of watery diarrhea,
recurrent attacks of vomiting bile, stomach cramps,
recurrent edemas, and tympanites at the age of 26
years. Although both of her sisters were healthy,
her father suffered from Menière’s disease and her
mother had hypertension and hypercholesterolemia.
Otherwise, her family history was unremarkable
and contained no reports of malignancies, including
colorectal cancer. The patient was allergic to pork and
to several medications, but was otherwise healthy. A
clinical examination at this time showed that she was
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considerably underweight (body mass index, 17.7
2
kg/m ) and short (158 cm). She had increased kyphosis
of the thoracic spine associated with funnel chest, a
clubfoot position with pronounced edema in the ankle
and lower leg, ascites, and periodontitis with heavy
gum bleeding. Laboratory results indicated low-grade,
normocytic anemia (hemoglobin, 11.8 g/dL; normal
range: 12-16 g/dL), pronounced hypoproteinemia
(4.5 g/dL; normal range: 6.6-8.3 g/dL), decreased
erythrocyte sedimentation rate (1/3 mm/h), and
hypogammaglobulinemia (IgG 509 mg/dL; normal
range: 700-1600 mg/dL). The Gordon test (iv
51
administration of 40 μCi Cr-labelled albumin) showed
abnormal (> 9%) excretion of the test substance in
stool samples collected over 96 h (normal: < 1.5%),
and confirmed a high-grade enteral loss of protein.
These findings remained unchanged throughout
the course of her disease, namely prominent
intestinal protein loss (persistent hypoproteinemia,
hypogammaglobulinemia) and vitamin (folate, vitamin
B12, and D), electrolyte and zinc deficiencies, but
without remarkable signs of systemic inflammatory
reactivity (C-reactive protein < 10 mg/dL), and
frequently with increased stool weights up to 780 g.
Transabdominal ultrasonography revealed nor
mal parenchymatous organs, but with accentuated
sonomorphology of the small bowel observed as
increased wall thickness (4-6 mm), pronounced
submucosa, and strict layer widening, which later
progressed to a more hypoechoic small bowel app
earance with layer loosening. Small bowel doublecontrast imaging initially revealed hyperperistalsis
and lymphonodular hyperplasia without any stenosis.
Evaluations 12 years later revealed moderately dilated
intestinal jejunal segments with flattened mucosa,
diffuse edema, increased distance between loops, with
some tubular, smooth narrowed loops.
The colonoscopic findings were normal at the
initial presentation and throughout the course of
disease. However, diffuse lymphangiectasia in the
small bowel and chronic jejunitis were detected
initially with esophagogastroduodenoscopy, and
later with push enteroscopy. Differential diagnoses
of malignant lymphoma, celiac disease, mesenteric
lymph node metastases, Crohn’s disease, rare intestinal
manifestations of sarcoidosis or tuberculosis, Whipple’s
disease, retroperitoneal fibrosis, and cardiovascular
disease (right ventricular insufficiency, vena cava or
portal vein thrombosis) were excluded as possible
causes. Endoscopic and histologic examinations
subsequently confirmed a diagnosis of chronic
malabsorption syndrome associated with exudative
enteropathy as a result of prolonged intestinal primary
lymphangectasia and chronic jejunitis of undefined
etiology (Figure 1).

Disease progression

Over the 21-year course of her disease, the patient
had > 30 hospital admissions at two university centers
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Figure 1 Histopathologic diagnosis of chronic malabsorption syndrome associated with exudative enteropathy as a result of prolonged intestinal primary
lymphangectasia and chronic jejunitis of undefined etiology. A: The jejunum showed slight architectural deviations with flat mucosa due to partial villous atrophy;
B: T cell lymphatic infiltrates were normal as seen in CD3 staining, which ruled out celiac disease and lymphoma; The amounts of C: Eosinophilic granulocytes; and
D: Mast cells were normal, thus excluding mastocytosis and eosinophilic gastroenteritis. The histological sections were prepared with hematoxylin-eosin staining
(magnification × 40) and additional immunohistochemistry was performed.

and two local hospitals. Her food tolerance declined
and she failed to gain any weight, remaining at
2
a body mass index of 16-18 kg/m and requiring
parenteral nourishment. Multiple drug treatment
attempts (including loperamide, cholestyramine, and
pancreatic enzymes) failed, and despite continued
nutrition by percutaneous endoscopic gastrostomy (to
avoid complications such as venous thrombosis), the
diarrhea and intestinal protein loss persisted.

Development of jejunal stenosis

Twenty years after the initial diagnosis, the patient was
again admitted to the hospital because of increasing
abdominal colic, nausea, vomiting, and melena. An
ultrasound revealed fluid-filled small bowel loops
indicative of subileus, but without ascites. A short
stenosis (about 25 mm long) was visualized in the
middle part of the jejunum upon double-contrast
small bowel (Sellink) imaging. Abdominal magnetic
resonance imaging showed an abrupt transition
from substantially dilated small bowel loops to nondilated loops in the middle-right abdomen, but did not
indicate a solid tumor mass. Thus, push enteroscopy
and high-pressure balloon dilatation of the stenosis
were performed (Figure 2A). Histology of the biopsy
samples taken during enteroscopy showed the
same features of chronic jejunitis associated with
lymphangectasia that were observed 20 years before,
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but no indication of malignant disease. Afterwards, a
hemoglobin-effective (10.5 g/dL) hematemesis and
hematochezia developed, which required emergency
push enteroscopy. A Forrest IIb lesion in the area of
the dilated stenosis was observed and treated with
injections of suprarenin (1:100.000) and fibrin glue.
However, the patient aspirated intestinal fluid and
blood during the endoscopic procedure, developed
asystole, and required cardiopulmonary resuscitation.
She was then transferred to the intensive care unit for
further treatment.

Multifocal carcinogenesis

The patient subsequently underwent segment resection
of the jejunum. Histopathologic examination revealed
a multicentric, poorly differentiated adenocarcinoma
(Figure 2B-D). The tumor had infiltrated the blocked
lymphatic vessel system (lymphangiosis carcinomatosa),
and peritoneal carcinomatosis was detected at an
uncurable stage (pT4 [m] pN0 [0/1] L1 V0 R1). Other
portions of the resected tissue exhibited foci of extensive,
flat, neoplastic mucosal proliferation transitioning to
adenocarcinoma, with signs of an enteritis-dysplasiaadenocarcinoma sequence, which is unusual in the small
bowel. In addition, multiple lipofuscin deposits were
discovered in the small bowel tissue, indicating brown
bowel syndrome.
Eight months following the surgical resection, the
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Figure 2 Disease progression. A: Push enteroscopy and high-pressure balloon dilatation of the stenosis were performed; Histology indicated the development of
an B: Adenoma; and D: Carcinoma. Thus, 20 years of persistent inflammation led to malignancy according to an enteritis-dysplasia-adenocarcinoma sequence; C:
Unaffected crypts showed strong nuclear MLH1 expression, while neoplastic tissue failed to express MLH1. Histological sections A-D were prepared with hematoxylineosin staining (magnification × 40) and additional immunohistochemistry was performed.

patient’s general condition markedly deteriorated with
colicky stomach pain, dyspnea, and additional weight
loss (5 kg in 3 wk). In addition to ascites, bilateral
pleural effusion, and pressure pain throughout the
abdomen, bilateral pneumonic infiltrates were detected
upon radiologic examination, and laboratory testing
showed hypokalemia, hypocalcemia, hypoalbuminemia,
and hypoproteinemia. Antibiotics and human albumin
substitution therapy were administered and pleural
and ascites puncture and drainage procedures were
initiated. As a result, her general condition stabilized.
However, she developed clinical symptoms of small
bowel obstruction, which were confirmed radiologically
and sonographically as mechanical ileus. An explo
ratory laparotomy was then performed, though further
treatment was prohibited by the pronounced peritoneal
carcinomatosis and obstructed ileus. The patient died 3
d later.
A postmortem examination demonstrated that,
in addition to the known peritoneal carcinomatosis
of the multifocal small bowel carcinomas and brown
bowel syndrome (Figure 3), pleural carcinomatosis,
lymphangiosis carcinomatosa, and pulmonary artery
emboli had extended to the lungs. Further scientific
evaluation of this disease was undertaken, including
microsatellite instability diagnosis. Immunohisto
chemistry for MLH1 showed a considerable deficiency
of the mismatch repair protein in the small bowel
tissue (Figure 2D). In contrast, tumor specimens were
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immunopositive for DNA repair proteins MSH2 and
MSH6. Unfortunately, degradation of the DNA in the
tumor specimen prohibited any further DNA analyses.
However, the loss of the MLH1 repair protein was likely
a consequence of the long-term chronic jejunitis and
malabsorption, as there was no clinical evidence for
hereditary nonpolyposis colon carcinoma syndrome.

DISCUSSION
The adenoma-dysplasia-carcinoma sequence con
stitutes an important underlying cause of malignant
tumor development in the lower gastrointestinal
[4,5]
tract . Moreover, diseases associated with chronic
inflammation are risk factors for pancreatic carcinoma
(chronic pancreatitis), cholangiocellular carcinoma, and
[4,5]
colitis-associated colorectal carcinoma . In the small
bowel, celiac disease or polyposis syndromes (e.g.,
familial adenomatous polyposis and Peutz-Jeghers
syndrome) are risk factors for developing malignancy or
[5,6]
primary extranodal lymphoma . However, progression
from enteritis to dysplasia and/or flat neoplasia and
then to small bowel carcinoma as a consequence of
a chronic inflammation has only been postulated in a
few conditions, such as celiac and Crohn’s diseases,
and has not yet been systematically investigated or
[4,5,7]
observed in individual patients
. Indeed, small bowel
adenocarcinomas rarely develop beyond the ligament of
Treitz, and tumor incidence further decreases distal to
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Figure 3 Postmortem confirmation of brown bowel syndrome associated
with multifocal MLH1-positive small bowel adenocarcinoma.
[5,7,8]

this point
. The patient described in the present case
did not have celiac disease (there was no response to a
gluten-free diet and tests for celiac-specific antibodies
[anti-TG2 and anti-endomysium IgA] were negative),
Crohn’s disease, or any of the polyposis syndromes.
Rather, her chronic jejunitis and long-standing ma
labsorption syndrome were associated with primary
diffuse lymphangiectasia. The clinical characterization
of symptoms remained consistent throughout the >
20-year course of her disease, including the loss of
intestinal proteins, electrolytes, nutrients and vitamins,
subsequent vitamin E deficiency, and ultimately brown
bowel syndrome. We postulate that the transformation
to malignancy was caused by molecular and genetic
changes in the small bowel that occurred during the
longstanding period of malabsorption, similar to what
[9]
has been described for colorectal carcinogenesis .
To our knowledge, this is the first report of multifocal
carcinogenesis within the small bowel associated with
severe malabsorption and brown bowel syndrome.
Histopathologic examinations from this patient
over more than 20 years consistently indicated local,
persistent inflammation, which induced neoplastic
mucosal changes, and finally led to multifocal nests
of adenocarcinoma cells. Thus, an enteritis-dysplasiacarcinoma sequence played a carcinogenic role
in conjunction with a loss of the mismatch repair
protein MLH1. Similar mechanisms are known to be
involved in the carcinogenesis of colon carcinomas
[4,9]
associated with chronically active ulcerative colitis .
Additionally, the loss of mismatch repair mechanisms
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involving MLH1 or MSH2 have also been described in
[10,11]
patients with celiac disease
. Thus, it is likely that
the chronic, long-standing enteritis with continuous
intestinal repair in the patient presented here resulted
in inactivation of mismatch repair mechanisms. Loss
of MLH1 in hereditary nonpolyposis colon carcinoma
syndrome has been reported to contribute to additional
[12,13]
DNA replication errors and/or apoptosis failure
,
which can cause multifocal spread of adenocarcinoma.
However, the family history of the patient in the
present case was negative for malignancy and no
inflammatory or neoplastic lesions of the colon were
found.
The severity of the malabsorptive state in this
patient was reflected in the appearance of the brown
bowel syndrome. The syndrome is thought to be
the result of chronic malabsorption and vitamin E
deficiency caused by intestinal lymphangiectasia
[14-16]
associated with chronic jejunitis
or small bowel
inflammation associated with intestinal malabsorption
[3]
syndromes, such as celiac disease . The characteristic
lipofuscin deposits are typically found in the smooth
muscle cells of the tunica muscularis, but can also
[1,2,16]
occur in the lamina muscularis mucosae
. It is
possible that the vitamin E deficiency or lipofuscinosis
alters neuronal function in the small bowel and thus
[1-3,17-19]
affects motility
. As conventional histologic
staining methods often fail to reveal the lipofuscin
deposits, specialized examinations, such as UV or
electron microscopy, are required when this disease
[1,14,16]
is suspected
. The deposits are thought to be
products of mitochondria degeneration, and are rarely
detected in other organs, e.g., thyroid or intestinal
[1,2,15,16]
lymph nodes, in brown bowel syndrome
.
The combined presence of brown bowel syndrome
and small bowel adenocarcinoma has only been
[20,21]
described previously in two reports
, though the
connection between the two has not been clearly
established. However, the role of vitamin E deficiency
in small bowel carcinogenesis cannot be excluded
[21,22]
and requires further study
. The appearance of
brown bowel syndrome may also indicate clinical
deficiencies in other nutrients involved in the regulation
of intestinal epithelial proliferation, such as folate and
vitamin D. Despite the continuous supplementation
with essential nutrients that our patient received,
reduced levels of folate occurred intermittently, which
could have contributed to the inactivation of mismatch
repair mechanisms, as has been reported in ulcerative
[12]
colitis .
In conclusion, this article provides the clinical
observations from a greater than 20-year disease course
of primary diffuse lymphangiectasia with persistent
chronic jejunitis. Moreover, this report demonstrates
for the first time multifocal carcinogenesis within the
small bowel in association with loss of a DNA mismatch
repair mechanism in a malabsorption syndrome. The
evidence suggests that local enteritis activity caused the
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dysplasia and neoplastic transformation and resulted
in multifocal nests of small bowel adenocarcinomas,
resembling the transformation process in chronic
[4,5]
colitis . The accompanying brown bowel syndrome
and severe malabsorption may have further influenced
the malignant transformation.

resembling the transformation process in chronic colitis. The article highlights
the clinical characteristics of this tumor and provides information about its
development over course of the disease.

REFERENCES
1

COMMENTS
COMMENTS
2

Case characteristics

The patient initially complained of watery diarrhea, recurrent attacks of vomiting
bile, stomach cramps, recurrent edemas, and tympanites.

Clinical diagnosis

Severe malabsorption with a brown bowel syndrome progressed to multifocally
spread small bowel adenocarcinoma.

3
4
5

Differential diagnosis

Incidental small bowel adenocarcinoma.

6

Laboratory diagnosis

Low-grade, normocytic anemia (hemoglobin, 11.8 g/dL); pronounced
hypoproteinemia (4.5 g/dL); decreased erythrocyte sedimentation rate (1/3
mm/h); hypogammaglobulinemia (IgG 509 mg/dL); > 9% excretion in the
Gordon test; C-reactive protein < 10 mg/dL; and increased stool weights, often
up to 780 g.

7

Imaging diagnosis

8

Pathological diagnosis

9

Small bowel obstruction that was confirmed as mechanical ileus by radiography,
sonography, and endoscopy.

Repeated histopathologic examinations consistently demonstrated local,
chronic (20 years), persistent inflammation resulting in multifocal nests of
adenocarcinoma cells.

10

Treatment

The patient received supplementary nutritional treatment and was later fed
by percutaneous endoscopic gastrostomy. Multiple drug treatment attempts
(including loperamide, cholestyramine, and pancreatic enzymes) failed to
reduce malabsorption.

Related reports

This is the first known report of a small bowel adenocarcinoma caused by longterm malabsorption and brown bowel syndrome.

11

12

Term explanation

Brown bowel syndrome is caused by long-term chronic malabsorption, which
finally leads to formation of lipofuscin aggregates/lipofuscinosis of the small
bowel. Small bowel adenocarcinoma is a rare malignant tumor of the small
intestine.

13

Experiences and lessons

This article provides observations from a greater than 20-year disease
course of primary diffuse lymphangiectasia with persistent chronic jejunitis,
and demonstrates for the first time multifocal carcinogenesis within the small
bowel in association with loss of a DNA mismatch repair mechanism in a
malabsorption syndrome.

Peer-review

The authors conclude that long-term malabsorption associated with brown
bowel syndrome may cause dysplasia and neoplastic transformation, ultimately
leading to the formation of multifocal nests of small bowel adenocarcinoma,

WJG|www.wjgnet.com

14
15
16
17

10466

Gallager RL. Intestinal ceroid deposition - “brown bowel
syndrome”. A light and electron microscopic study. Virchows Arch
A Pathol Anat Histol 1980; 389: 143-151 [PMID: 6161474 DOI:
10.1007/BF00439482]
Foster CS. The brown bowel syndrome: a possible smooth muscle
mitochondrial myopathy? Histopathology 1979; 3: 1-17 [PMID:
372082 DOI: 10.1111/j.1365-2559.1979.tb02977.x]
Lee SP. Vitamin E treatment for brown bowel syndrome. Mayo Clin
Proc 1979; 54: 752 [PMID: 491765]
Hermanek P. [Adenoma/dysplasia-carcinoma sequence in the small
intestine]. Z Gastroenterol 1987; 25: 166-167 [PMID: 3590894]
Solem CA, Harmsen WS, Zinsmeister AR, Loftus EV. Small
intestinal adenocarcinoma in Crohn’s disease: a case-control study.
Inflamm Bowel Dis 2004; 10: 32-35 [PMID: 15058524 DOI: 10.109
7/00054725-200401000-00005]
Giardiello FM, Brensinger JD, Tersmette AC, Goodman SN,
Petersen GM, Booker SV, Cruz-Correa M, Offerhaus JA. Very high
risk of cancer in familial Peutz-Jeghers syndrome. Gastroenterology
2000; 119: 1447-1453 [PMID: 11113065 DOI: 10.1053/
gast.2000.20228]
Dabaja BS, Suki D, Pro B, Bonnen M, Ajani J. Adenocarcinoma of
the small bowel: presentation, prognostic factors, and outcome of
217 patients. Cancer 2004; 101: 518-526 [PMID: 15274064 DOI:
10.1002/cncr.20404]
Abrahams NA, Halverson A, Fazio VW, Rybicki LA, Goldblum
JR. Adenocarcinoma of the small bowel: a study of 37 cases with
emphasis on histologic prognostic factors. Dis Colon Rectum
2002; 45: 1496-1502 [PMID: 12432298 DOI: 10.1097/01.
DCR.0000034134.49346.5E]
Arber N, Neugut AI, Weinstein IB, Holt P. Molecular genetics of
small bowel cancer. Cancer Epidemiol Biomarkers Prev 1997; 6:
745-748 [PMID: 9298583]
Potter DD, Murray JA, Donohue JH, Burgart LJ, Nagorney DM,
van Heerden JA, Plevak MF, Zinsmeister AR, Thibodeau SN. The
role of defective mismatch repair in small bowel adenocarcinoma in
celiac disease. Cancer Res 2004; 64: 7073-7077 [PMID: 15466202
DOI: 10.1158/0008-5472.CAN-04-1096]
Bergmann F, Singh S, Michel S, Kahlert C, Schirmacher P, Helmke
B, Von Knebel Doeberitz M, Kloor M, Bläker H. Small bowel
adenocarcinomas in celiac disease follow the CIM-MSI pathway.
Oncol Rep 2010; 24: 1535-1539 [PMID: 21042749 DOI: 10.3892/
or_00001015]
Schulmann K, Brasch FE, Kunstmann E, Engel C, Pagenstecher
C, Vogelsang H, Krüger S, Vogel T, Knaebel HP, Rüschoff J, Hahn
SA, Knebel-Doeberitz MV, Moeslein G, Meltzer SJ, Schackert
HK, Tympner C, Mangold E, Schmiegel W. HNPCC-associated
small bowel cancer: clinical and molecular characteristics.
Gastroenterology 2005; 128: 590-599 [PMID: 15765394 DOI:
10.1053/j.gastro.2004.12.051]
Lynch HT, Lynch PM, Lanspa SJ, Snyder CL, Lynch JF, Boland
CR. Review of the Lynch syndrome: history, molecular genetics,
screening, differential diagnosis, and medicolegal ramifications.
Clin Genet 2009; 76: 1-18 [PMID: 19659756 DOI: 10.1111/
j.1399-0004.2009.01230.x]
Toffler AH, Hukill PB, Spiro HM. Brown bowel syndrome. Ann
Intern Med 1963; 58: 872-877 [PMID: 13985283 DOI: 10.7326/000
3-4819-58-5-872]
Horn T, Svendsen LB, Nielsen R. Brown-bowel syndrome. Review
of the literature and presentation of cases. Scand J Gastroenterol 1990;
25: 66-72 [PMID: 2406889 DOI: 10.3109/00365529008999211]
Dudorkinová D, Povýsil C. [The brown bowel syndrome]. Cesk
Patol 1994; 30: 23-26 [PMID: 8181097]
Hozyasz KK, Chelchowska M, Laskowska-Klita T. [Vitamin E
levels in patients with celiac disease]. Med Wieku Rozwoj 2003; 7:

September 28, 2015|Volume 21|Issue 36|

Raithel M et al . Jejunitis and brown bowel syndrome

18
19
20

593-604 [PMID: 15213374]
Ruchti C, Eisele S, Kaufmann M. Fatal intestinal pseudo-obstruction
in brown bowel syndrome. Arch Pathol Lab Med 1990; 114: 76-80
[PMID: 2294870]
Hitzman JL, Weiland LH, Oftedahl GL, Lie JT. Ceroidosis in
the “brown bowel syndrome”. Mayo Clin Proc 1979; 54: 251-257
[PMID: 423605]
Shiller M, Cohen I, Munichor M, Loberant N, Bickel A, Reshef R.
The “brown bowel syndrome” associated with jejunal carcinoma.

21
22

Am J Gastroenterol 1993; 88: 1788-1789 [PMID: 8213727]
Reynaert H, Devis G. The brown bowel syndrome and gastrointes
tinal adenocarcinoma. Am J Gastroenterol 1994; 89: 812-813 [PMID:
8172165]
Reynaert H, Debeuckelaere S, De Waele B, Meysman M, Goossens
A, Devis G. The brown bowel syndrome and gastrointestinal
adenocarcinoma. Two complications of vitamin E deficiency in
celiac sprue and chronic pancreatitis? J Clin Gastroenterol 1993; 16:
48-51 [PMID: 8421146 DOI: 10.1097/00004836-199301000-00013]
P- Reviewer: Li YY, Riccioni ME, Soares RLS S- Editor: Ma YJ
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

10467

September 28, 2015|Volume 21|Issue 36|

World J Gastroenterol 2015 September 28; 21(36): 10468-10474
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i36.10468

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Lymphoepithelioma-like hepatocellular carcinoma: Case
report and review of the literature
Andrea Cacciato Insilla, Pinuccia Faviana, Luca Emanuele Pollina, Paolo De Simone, Laura Coletti,
Franco Filipponi, Daniela Campani
Andrea Cacciato Insilla, Pinuccia Faviana, Luca Emanuele
Pollina, Daniela Campani, Department of Surgical, Medical,
Molecular Pathology and Critical Area, Division of Surgical
Pathology, University Hospital of Pisa, 56124 Pisa, Italy
Paolo De Simone, Laura Coletti, Franco Filipponi, Department
of Surgical, Medical, Molecular Pathology and Critical Area,
Division of Liver Surgery and Transplantation, University
Hospital of Pisa, 56124 Pisa, Italy
Author contributions: Cacciato Insilla A and Campani D
contributed equally to this work and reported the case; Coletti
L researched the bibliography; Cacciato Insilla A and Campani
D wrote the paper; Faviana P and Pollina LE contributed to the
histopathological diagnosis; and De Simone P and Filipponi F
provided clinical information and approved the submission of the
paper.
Supported by University of Pisa funds.
Institutional review board statement: for case report, the
Italian legislation requires patients have to consent to diffusion
of personal data and health records. No further authorization is
required nor approval from Local Ethics Committee.
Informed consent statement: the patient participant to the
study provided informed written consent.
Conflict-of-interest statement: Daniela Campani has not
received fees for serving as a speaker, a consultant or an advisory
board member for any organizations.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Daniela Campani, MD, Professor
of Pathology, Department of Surgical, Medical, Molecular

WJG|www.wjgnet.com

Pathology and Critical Area, Division of Surgical Pathology,
University Hospital of Pisa, Via Paradisa 2, 56124 Pisa,
Italy. daniela.campani@med.unipi.it
Telephone: +39-50-995690
Fax: +39-50-996891
Received: February 13, 2015
Peer-review started: February 22, 2015
First decision: April 23, 2015
Revised: May 29, 2015
Accepted: July 3, 2015
Article in press: July 3, 2015
Published online: September 28, 2015

Abstract
Lymphoepithelioma-like hepatocellular carcinoma (LELHCC) is a rare form of undifferentiated carcinoma
of the liver characterized by the presence of an
abundant lymphoid infiltrate. Here, a case of LEL-HCC
is described. An 81-year-old woman with a chronic
hepatitis C infection was referred to the general
surgery department of our hospital in August 2013
with a diagnosis of HCC. A past ultrasound examination
had revealed a 60 mm-diameter nodular lesion in the
third segment of the liver. After a needle biopsy, the
lesion was diagnosed as HCC. The patient underwent
surgery with a liver segmentectomy. Two additional
nodes on the gastric wall were detected during the
surgical operation. The histology of the removed
specimen showed a poorly differentiated HCC with
significant lymphoid stroma. Immunohistochemical
studies revealed that the epithelial component was
reactive for CK CAM5.2, CK8, CK18, CEA (polyclonal)
and was focally positive for hepar-1 and that the
lymphoid infiltrate was positive for CD3, CD4 and CD8.
The tumor cells were negative for Epstein-Barr virus.
The gastric nodes were ultimately determined to be
two small gastrointestinal stromal tumors (GISTs).
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The synchronous occurrence of HCC and GIST is
another very uncommon finding rarely described in
the literature. Here, we report the clinicopathological
features of our case, along with a review of the few
cases present in the literature.

Key words: Lymphoepithelioma; Lymphoepitheliomalike; Hepatocellular carcinoma; Gastrointestinal stromal
tumors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Here a case of Lymphoepithelioma-like
hepatocellular carcinoma (HCC) described in a 81-yearold woman with a chronic hepatitis C infection. An
ultrasound examination revealed a nodular lesion in
the third segment of the liver, diagnosed as HCC after
a needle biopsy. The patient underwent surgery with
a liver segmentectomy. Histology of the removed
specimen showed a poorly differentiated HCC with
a significant lymphoid stroma. Here we describe the
clinico-pathological features of our case with a review
of the few cases reported in literature.
Cacciato Insilla A, Faviana P, Pollina LE, De Simone P, Coletti L,
Filipponi F, Campani D. Lymphoepithelioma-like hepatocellular
carcinoma: Case report and review of the literature. World J
Gastroenterol 2015; 21(36): 10468-10474 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i36/10468.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i36.10468

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
frequent malignancies in the world; in particular, it is
the fifth most common cancer in men and the seventh
most common cancer in women, and it represents
the third most frequent cause of death from cancer.
Persistent infections by hepatitis B virus (HBV) and/or
hepatitis C virus (HCV) are the main recognized risk
factor for HCC. In addition, heavy alcohol drinking,
smoking, overweight status, diabetes and familial/
genetic factors play an important role, especially in
[1]
high-income countries . Despite all of the recent
advances in diagnostic and therapeutic approaches
for the treatment of HCC, the prognosis is still poor,
and long-term survival after disease onset is an
[2]
exception . Lymphoepithelioma-like carcinomas
(LELCs) are a particular form of undifferentiated
carcinoma characterized by a predominant lymphoid
component that was originally described in the
nasopharynx. Beyond the nasopharynx, these tumors
are reported to occur in several organs, such as
[3]
[4]
[5]
[6]
the salivary glands , lungs , stomach , colon
[7]
and thymus ; less frequently, they are reported in
[8]
[9]
[10]
the uterine cervix , vagina , ovaries , bladder
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[11]

[12]

[13]

and urinary tract , trachea , lacrimal glands ,
[14]
[15]
[16]
breast , soft tissues and skin . Epstein-Barr virus
(EBV) has been shown to be strongly connected to
LELCs at several anatomic sites, such as the stomach,
[7]
salivary glands, lung, and thymus . Racial and/or
geographic factors seem to influence the association of
EBV with LELC in several of these organs. Specifically,
the association of EBV with LELC of the salivary gland
and lung is restricted to Asian patients, whereas
the association of EBV with gastric and thymic
[7]
LELCs seems to be independent of race . However,
regardless of EBV status, the morphologic features and
prognosis seem to be the same, except for LELCs at
uncommon sites for which the prognostic information
[17]
is limited . In the hepatobiliary tract, primary LELCs
are rare. The World Health Organization (WHO) has
only recently recognized LELCs as a variant of HCC
[18]
(LEL-HCC). In 2000, Emile et al
reported a case
of HCC with lymphoid stroma that was characterized
by a good prognosis after liver transplant and by
negativity for EBV infection. These authors were the
first to suggest that HCC with these aspects should
be considered as a distinct clinicopathological and
prognostic entity. Before 2000, several case reports
described the clinicopathological features of the
marked inflammatory cell infiltration in HCC, but the
term “LEL-HCC” was not used, and it is not completely
clear whether the features of HCC described before
2000 are distinguishable from those reported as
[19]
features of LEL-HCC after that year . To date, the
majority of LELCs identified in the hepatobiliary tract
are cholangiocarcinomas, whereas only ten cases of
LEL-HCC have been described, in six reports, from
[2,18-22]
[17]
2000 to 2013
. In 2014, Patel et al reviewed all
cases of HCC at their institution, starting from 1988,
and identified 8 cases of LEL-HCC; in a 2015 study,
[23]
Chan et al
have reported 20 cases of LEL-HCC
from a 9-year retrospective cohort of 409 patients
who underwent surgical resection for primary HCC.
Considering also these retrospective studies, to the
best of our knowledge, thirty-eight cases of LEL-HCC
have been described from 2000 until now, with only
[20]
one LEL-HCC case being positive for EBV . Here, we
describe a case of LEL-HCC in an 81-year-old woman,
the eldest patient to have been described, and to
further understand the disease’s characteristics, we
review previous cases reported after the term “LELHCC” first appeared in 2000.

CASE REPORT
An 81-year-old woman with a chronic hepatitis
C infection was referred to the general surgery
department of our hospital in October 2013 with
a diagnosis of HCC. Her past medical history was
significant for hypertension, venous insufficiency
and osteoarthrosis. An ultrasound (US) evaluation
conducted in July 2013 during a periodic medical
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A

B

Figure 1 computerized tomography scan. Left liver neoplasm (segments Ⅲ and Ⅳ), hypervascular (A) with rapid portal-phase wash-out (B).

investigation revealed the presence of a 60 mm,
irregular pericholecystic node in the third hepatic
segment, and the collateral liver parenchyma
showed certain foci of steatofibrosis. The US exam
was repeated after intravenous injection of 2.4 mL
SonoVue, revealing a mosaic pattern in the lesion,
with diffuse contrast enhancement, during the arterial
phase and hypoenhancement during the portal and
late phases. These findings suggested a malignant
nature for the lesion. An abdominal contrast-enhanced
computerized tomography (CT) scan confirmed the
presence of a nodular lesion in the liver, with clearcut enhancement in the arterial phase and rapid
wash-out in the portal venous and delayed phases
(Figure 1). The CT scan also revealed the presence of
a second 15 mm nodular lesion involving the wall of
the gastric antrum, for which the patient underwent
an endoscopic examination that yielded a negative
result. A subsequent examination of a biopsy sample
from the hepatic lesion was performed in August 2013
confirmed the suspicion of HCC. A surgical operation
th
was carried out on October 10 , 2013. A physical
examination prior to the operation revealed mild,
diffuse abdominal tenderness with normal auscultatory
bowel sounds and peristaltic rushes. Pre-surgical
laboratory tests revealed the following results: an
alanine aminotransferase level of 23 IU/L (normal
range 2-34 IU/L), an aspartate aminotransferase
level of 29 IU/L (normal range 2-31 IU/L), a gammaglutamyl transferase level of 22 IU/L (normal range
9-40 IU/L), an alkaline phosphatase level of 44 IU/L
(normal range 35-105 IU/L) and a total bilirubin level
of 0.75 mg/dL (normal range 0.50-1.20 mg/dL).
The serum level of alpha-fetoprotein was 80.5 kU/L
(normal range < 6.0 kU/L), of CEA was 1.1 microg/
L (normal range 0-5.0 microg/L), and of CA19-9
was 13 kU/L (normal range 0-27 kU/L). Serological
tests were positive for anti-HCV antibodies, HCV
RNA and also for anti-HAV IgG but were negative
for anti-HBV antibodies. The patient underwent a
surgical operation with resection of the third hepatic
segment and removal of the 15 mm nodule on the
gastric wall, identified thanks to the CT scan. During
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the surgical operation, another 2 mm nodule on
the gastric wall, close to the lesser curvature, was
detected and removed. Macroscopically, the hepatic
tumor was a 72 mm, yellowish, encapsulated solid
mass 15 mm from the nearest resection margin.
Microscopically, the neoplasm was composed of
poorly differentiated, atypical, large epithelial cells
characterized by an eosinophilic cytoplasm, large
nuclei, and prominent nucleoli. The epithelial cells
were surrounded by dense lymphoid stroma extending
inside the tumor. The collateral liver parenchyma
showed morphological aspects of HCV-related chronic
hepatitis. Immunohistochemical analyses revealed
that the neoplastic cells were positive for CK CAM5.2,
CK8, CK18, and CEA (polyclonal, with a canalicular
expression pattern) and had only focal positivity for
hepar-1. The lymphocytes in the lymphoid stroma
were predominantly positive for CD3, with the majority
of them also positive for CD4 and fewer for CD8 (Figure
2). The carcinoma cells were negative for EBV. As a
consequence of these results, we classified this poorly
differentiated HCC with heavy lymphoid infiltration
as LEL-HCC. The two gastric nodules were ultimately
identified as gastrointestinal stromal tumors (GISTs)
that were positive for CD117 and CD34, and a specific
mutation in exon 11 of the c-Kit gene was identified
in both of the two nodules. PDGFRA mutations were
absent. The patient has been alive and disease free
during the 15 mo since the operation.

DISCUSSION
LELCs are undifferentiated carcinomas with prominent
lymphoid stroma. LELCs in the liver have been
reported, but most of these cases have instead been
[19]
referred to as LEL-cholangiocarcinomas . LEL-HCCs
seem to have been first described in 2000 by Emile et
[18]
al , who studied 162 HCCs in explanted livers, finding
5 cases of HCC with abundant lymphoid stroma.
Before 2000, there were several case reports in which
the clinicopathological features of marked inflam
matory cell infiltration in HCC were described, but the
term “LEL-HCC” was not used. Since the five cases
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Figure 2 Neoplastic cells surrounded by a dense lymphoid infiltrate. A: hematoxylin/eosin stain x 200; B: CD3 immunostain x 200; C: CD4 immunostain x 200; D:
CD8 immunostain x 200.

were reported in 2000 by Emile, only five additional
cases of HCC with marked lymphoid stroma have been
[2,19-22]
documented as LEL-HCC, in five different articles
.
[17]
In 2014, Patel et al
reviewed all cases of HCC at
their institution, starting from 1988, and identified 8
[23]
cases of LEL-HCC. In a 2015 study, Chan et al
have
reported 20 cases of LEL-HCC from a 9-year
retrospective cohort of 409 patients who underwent
surgical resection for primary HCC; considering also
these retrospective studies, to the best of our
knowledge, only thirty-eight cases of LEL-HCC have
been described in the English-language medical
literature from 2000 to date. The clinicopathological
and prognostic features as well as the criteria for the
diagnosis of LELCs at uncommon sites, such as the
liver, are not clear. In this article, we describe a case of
LEL-HCC in an 81-year-old woman, the eldest patient
to have been reported, and to further understand the
disease’s characteristics, we review previous cases
reported after the term “LEL-HCC” first appeared in
2000. In Tables 1 and 2, we have summarized the
features of the ten cases reported since the proposal
of Emile et al and, in addition, the data of the
retrospective studies by Patel and Chan. Among all of
the cases of LEL-HCCs reported, there were twentythree males and sixteen females, with a mean age of
[21]
59.7 years (the youngest was 39 years old
and the
eldest, 81, was described in the present case). Single
tumors were reported in thirty-four cases, and multiple
tumors were reported in five cases. The mean tumor
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[21]

[17]

size was 4.3 cm (range, 1 cm to 13 cm ). HBV and
HCV serology showed variable patterns: fifteen cases
were negative for both, two cases were positive for
both and those that remained were positive only for
one of the two (in particular, four were HCV positive,
and eighteen was HBV positive). Fifteen patients had
cirrhosis. Alpha-fetoprotein levels were reported in
thirty-seven cases, and they were elevated in eighteen
of them. All of the lesions were described as
undifferentiated tumors with similar morphological
aspects and abundant lymphocytic infiltration.
Immunohistochemical studies were performed on
nearly all of the lesions to better define the
characteristics of the inflammatory infiltration. All of
the prior reports showed a predominance of T cells
over B cells, except in one case in which the cell
[21]
dominancy was not documented . The T-cell markers
investigated varied among the reports. In the five
cases reported by Emile et al, the mean CD3/CD20
[18,19]
ratio was 11/1
. Si and colleagues investigated
CD20 and CD3 in the infiltrating cells and described a
mixed lymphocytic population with an excess of T
[19,20]
cells
. In their work, Park and Nemolato also
observed a prevalence of T cells, with a predominance
[20]
of CD4-positive cells in the first report
and a
predominance of CD8-positive cells in the second
[22]
[17]
report . In all eight cases reviewed by Patel et al ,
a predominance of T lymphocytes was observed, with
an equal distribution of CD4- and CD8-positive cells.
[23]
Finally, also Chan et al
reported a predominance of
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Table 1 Clinicopathological features of lymphoepithelioma-like hepatocellular carcinoma reported in the literature until 2015
Case (ref.)

Age
(yr)

Sex/
Race

Multifocal

Tumor
size (cm)

HBV

HCV

EBV Cirrhosis AFP

1 (18)
2 (18)
3 (18)
4 (18)
5 (18)
6 (20)
7 (21)

50
54
59
45
64
39
56

M/W
M/W
M/W
M/W
M/W
F/H
M/?

No
Yes
Yes
No
Yes
No
No

4
2
5
2
4
1
3

+
+
-

+
+
+
+
+

+
-

+
+
+
+
+
+

N
N
N
N
N
N

8 (22)
9 (2)
10 (19)

47
57
79

F/?
M/?
M/A

No
No
No

2.2
2.7
5

+
-

-

-

+
-

E
E

11 (17)
12 (17)
13 (17)
14 (17)
15 (17)
16 (17)
17 (17)
18 (17)
19 (present
case)

74
65
65
70
61
78
78
57
81

F/W
M/W
F/W
F/W
F/W
M/W
F/W
F/W
F/W

Yes
No
No
No
Yes
No
No
No
No

6.5
4.8
1.3
2.7
9.5
10.5
6
13
7.2

-

+

-

-

N
N
E
E
N
N
N
N
E

Preoperative
therapy

Postoperative
therapy

None
Chemo-emb
None
None
Chemo-emb
None
None

None
None
Adj chemo
Adj chemo
Adj chemo
None
Chemo for
recurrence
None
Not describe
None
Not describe
None
Chemo for
recurrence
None
Not describe
None
Not describe
None
Not describe
None
Not describe
None
Not describe
None
Not describe
None
Not describe
Yes (unknown) Not describe
None
None

Outcome
Alive w/o recurrence (10 yr)
DOD (7.7 yr)
Alive w/o recurrence (8 yr)
Alive w/o recurrence (4.7 yr)
Alive w/o recurrence (3 yr)
DOD (5 mo)
DOD (21 mo)
Alive w/o recurrence (15 mo)
Alive w/o recurrence (50 mo)
Alive with recurrence (20 mo)
DOD
Died of unrelated cause
Alive w/o recurrence
Alive w/o recurrence
Died of unrelated cause
Alive with recurrence
Alive w/o recurrence
Died of unrelated cause
Alive w/o recurrence (15 mo)

Table 2 Clinicopathological features of lymphoepithelioma-like hepatocellular carcinoma reported by Chan et al
in their 9-year retrospective study
No. of cases
20

Age (mean) Sex (M/F)
57.5

13/7

Multifocal

Tumor size
(mean, cm)

HBV

HCV

EBV

-

3.8

17

-

-

[23]

in March 2015

Cirrhosis AFP (> 20 mg/L) Outcome (5-yr survival)
8

13

94.1%

HBV: Hepatitis B virus; HCV: Hepatitis C virus; EBV: Epstein-Barr virus; AFP: Alpha-fetoprotein; N: Normal; E: Elevated.

T lymphocytes with a mean CD8/CD4 ratio of 6.0/1. In
our case, we observed a high predominance of T cells,
many of which were CD4 positive, with only a few
CD8-positive cells at the edge of the lesion. Many
authors have suggested that HCC with lymphoid
[17,19]
stroma has a favorable prognosis
. Human solid
tumors are often infiltrated by lymphocytes, and the
degree of the infiltration appears to be a favorable
prognostic factor. As a mechanism of favorable
prognosis, involvement of the antitumor effects of
cellular immunity, mainly mediated by T lymphocytes,
and of humoral immunity, mediated by B lymphocytes,
[2]
[18]
have been considered . Emile et al , for instance,
suggested that HCCs with lymphoid stroma had a
better prognosis than those without, possibly due to
an antitumor effect related to the lymphocytic
[20]
infiltration. However, Si et al
have described an
aggressive case of LEL-HCC in a very young patient
who died 5 mo after transplant surgery because of
[21]
recurrence in the transplanted liver. Chen et al
also
reported a case of LEL-HCC, in which the tumor was
well encapsulated and did not have microvascular
[19]
invasion, with a poor outcome . Among all of the
cases described after 2000, three patients died of HCC
after surgery, whereas the other seven were still alive
[19]
after 55.3 mo . Among the eight cases described by
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[17]

Patel et al
in their retrospective study, three were
still alive, without disease, after a mean period of 68
mo; one was alive with recurrence 48 mo after
surgery; one died because of the disease after 24 mo;
and the last three died of causes not related to the
disease. Finally, all the cases described by Chan et al
were associated with a 2-year survival rate of 100%
[23,24]
and a 5-year survival rate of 94.1%
. Although
many authors have highlighted that LEL-HCCs have a
better prognosis than conventional carcinomas with
[22,23]
less marked lymphocytic infiltrate do
, the few
reports present in the English-language medical
literature supply poor clinical information and show a
variable course for the disease, suggesting that further
accumulation of cases and studies is needed to
determine the real biological behavior of LEL-HCC. An
additional point of interest discussed in every report is
the possible association between LEL-HCC and EBV.
EBV is a lymphotropic virus that belongs to the
Herpesviridae family and that infects over 90% of
adults worldwide. This virus is closely associated with a
variety of human neoplasms, such as Burkitt’s
lymphoma, Hodgkin lymphoma, nasopharyngeal
carcinoma and a subset of gastric carcinoma that is
[19,25]
defined as EBV-associated gastric carcinoma
. EBV
has been shown to be strongly connected to LELCs at
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several anatomic sites, such as the stomach, salivary
[7]
glands, lung, and thymus . With regard to neoplasms
in the hepatobiliary system, a strong relationship
between EBV and LEL-cholangiocarcinomas has been
demonstrated. In contrast, only one case of EBVpositive LEL-HCC has been described in the literature,
by Si et al in 2004; in particular, the patient was the
youngest patient described, with the worst clinical
course, multiple recurrences three mo after liver
transplantation and death of the patient within several
weeks. This is the only such case described in the
literature, so we do not have enough information to
posit a possible role for EBV infection in the poor
outcome of the patient. It is unlikely that an asso
ciation exists between LEL-HCC and EBV with respect
to tumorigenesis. The biological implications of
lymphoid infiltration in LEL-HCC are currently under
debate, and the causes and consequences of this
[19]
disease remain poorly understood . In all of the
cases reported after 2000, inflammatory infiltrates
were predominantly composed of T cells, but certain
discordances were present: certain authors reported
the prevalence of CD4 over CD8 cells, several others
reported a co-existence of CD4 and CD8 cells, and the
prevalence of CD8 over CD4 cells has been reported in
only one case. In conclusion, given all of these
considerations, further studies are needed to better
understand the genesis and behavior of LEL-HCCs.
Finally, it should be highlighted that the synch
ronous occurrence of HCC with GISTs, another very
uncommon finding, has been rarely described in the
[26]
literature .

large epithelial cells characterized by an eosinophilic cytoplasm, large nuclei,
and prominent nucleoli. The epithelial cells were surrounded by dense lymphoid
stroma extending inside the tumor.

Treatment

Surgical operation with resection of the third hepatic segment.

experiences and lessons

The biological implications of lymphoid infiltration in lymphoepithelioma-like
HCC (LEL-HCC) are currently under debate, and the causes and consequences
of this disease remain poorly understood. This case report underline the fact
that further studies are needed to better understand the genesis and behavior
of LEL-HCCs. We also report the very unusual and uncommon association
between two different kinds of neoplasia such as LEL-HCC and GIST.

Peer-review

This case report reported in detail all the cases of LEL-HCC described in the
English literature within the time of the submission.
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Abstract
We report a case of acute severe hepatitis resulting
from masitinib in a young amyotrophic lateral sclerosis
patient. Hepatotoxicity induced by masitinib, a
tyrosine kinase inhibitor, is usually transient with
mild elevation of transaminases, although acute
hepatitis has been not reported to date. The hepatitis
was resolved after masitinib was discontinued and
a combination of prednisone and azathioprine was
started. The transaminases returned to baseline normal
values five months later. This is the first case in the
hepatitis literature associated with masitinib. The
autoimmune role of this drug-induced liver injury is
discussed. Physicians should be aware of this potential
complication.
Key words: Drug-induced liver injury; Masitinib;
Amyotrophic lateral sclerosis; Tirosine kinase inhibitors;
Autoimmunity; Autoimmune-like hepatitis; Idiosyncratic
drug hepatotoxicity
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Core tip: Physicians must be aware of the possibility of
drug-induced liver injury in clinical trials, despite the
drug having been shown to be of limited hepatotoxicity
when tested in phase Ⅰ-Ⅱ trials. We present an
example of a patient resembling an autoimmune
hepatitis. Despite discontinuing masitinib, the
transaminases did not return to their baseline values
for five months.
Salvado M, Vargas V, Vidal M, Simon-Talero M, Camacho J,
Gamez J. Autoimmune-like hepatitis during masitinib therapy in
an amyotrophic lateral sclerosis patient. World J Gastroenterol
2015; 21(36): 10475-10479 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i36/10475.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i36.10475

INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a rapidly pro
gressive neurodegenerative disorder predominantly
affecting motor neurons, leading to generalized
muscle paralysis and death from respiratory failure.
Mean survival subsequent to clinical onset is 3-5
years, although patients may survive longer if they
accept mechanical ventilation and other aggressive
life support measures. The pathogenic processes
underlying ALS are multifactorial and not yet fully
determined. There is no effective treatment for the
disease apart from these measures, except for riluzole,
which is the only approved drug for the treatment
of ALS, and which prolongs survival by a mere three
months. Immunomodulatory drugs have recently
been suggested as a possible therapeutic approach in
ALS. A multicenter, double-blind, randomized placebocontrolled, exploratory phase Ⅱ/Ⅲ study of masitinib
in patients with ALS treated over 48 wk, with an
extension phase, is ongoing. The patients recruited are
being randomized to receive placebo or masitinib at an
initial dose of 3 or 4.5 mg/kg per day (in combination
[1]
with riluzole) administered orally in two daily intakes .
We report here a case of a young ALS patient
treated with riluzole, who presented high transaminase
levels of up to 64 times baseline values, compatible
with a hepatitic pattern, 12 wk after the introduction of
masitinib.

CASE REPORT
A 40-year-old woman was diagnosed with a
predominantly bulbar ALS in October 2011, when
she started riluzole 100 mg/d and vitamin E 400
mg/d. Some months later, she started treatment with
paroxetine 20 mg due to a reactive depression.
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Figure 1 Mixed inflammatory portal tract infiltrate with numerous
eosinophils, and evidence of piecemeal necrosis. Hematoxylin-eosin
staining, magnification × 20.
th

On the 30 December 2013, the patient decided
[1]
to participate in a clinical trial with masitinib . After
signing an informed consent form, and completion and
review of all the screening visit assessments, she was
randomized to oral masitinib vs placebo 300 mg a day.
At that time, alanine aminotransferase (ALT) was 14
IU/L, aspartate aminotransferase (AST) was 25 IU/L,
alkaline phosphatase (ALP) was 85 IU/L, gammaglutamyltransferase (GGT) was 13 IU/L, and total
bilirubin was 0.60 mg/dL.
The patient reported mild nausea in the week 12
visit (March 27, 2014). As a result, she was started
on metroclopramide 10 mg before meals on demand.
Blood test results showed non-clinical significant
values. Afterwards, in the scheduled biochemistry
blood test in the visit in week 24 (June 16, 2014),
she presented elevated transaminases [AST, 228 IU/L
(normal values 10-30 IU/L) and ALT, 250 IU/L (normal
values 7-34 IU/L). These values were considered
severe (grade 3) according to the protocol and
administration was consequently discontinued. Riluzole
was also discontinued. Treatment was unblinded
according to the pharmacovigilance protocol. The
patient had been randomized to the masitinib 300 mg/
d arm. The transaminase values continued to rise to
the following maximum values: AST, 2221 IU/L; ALT,
1166 IU/L; ALP, 240 IU/L; and GGT, 204 IU/L. Bilirubin
rose to 10.47 mg/dL.
Laboratory screening for viral hepatitis included IgM
anti-HAV anti-HCV, HBsAg, anti-HBc, IgM anti-HBc,
anti-HEV, IgM anti-HEV, were all negative. Antinuclear
antibodies (ANA) were negative and immunoglobulins
were within normal limits. Liver ultrasonography
showed a normal liver parenchyma and normal biliary
tract. Hepatic biopsy showed diffuse parenchymal
involvement with marked portal lymphohistiocytic
infiltrate, with neutrophils, numerous eosinophils and
only isolated plasma cells, accompanied by extensive
interface hepatitis, occasional bridging necrosis and
severe lobular necroinflammatory activity. These
features suggest an acute drug-induced liver injury
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Figure 2 Alanine aminotransferase, aspartate aminotransferase, and bilirubin concentrations before and after treatment with masitinib. AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase.

with autoimmune-like histological pattern (Figure 1).
After that, the patient started taking oral pred
nisone 60 mg daily and oral azathioprine 50 mg
daily. Treatment with prednisone in combination with
azathioprine was chosen, as this combination has been
associated with fewer side effects than conventional
corticosteroid regimen alone, and reduces exacerbations
after discontinuation of immunosuppressive drugs,
according to most guidelines and recommendations
on managing drug-induced liver injury (DILI) with
[2-5]
autoimmune features
. The patient’s clinical and
biochemical status improved with this treatment.
Figure 2 shows the evolution of transaminase and
bilirubin values. The laboratory values in February
2015 were 41 IU/L (AST), 25 IU/L (ALT), 38 IU/L (GGT),
97 IU/L (ALP) and 1.01 mg/dL (bilirubin).

DISCUSSION
Masitinib is a highly selective tyrosine kinase inhibitor
with anti-tumoral and anti-inflammatory activity.
Masitinib is a promising treatment option for patients
[6-9]
with solid tumors, particularly GIST
. Indeed, it
is particularly efficient in controlling the survival,
migration and degranulation of mast cells (and thus
indirectly controlling the array of proinflammatory
and vasoactive mediators these cells can release),
through inhibition of essential growth and activation
[10]
signaling pathways . Human clinical trials have been
performed in neurological and inflammatory disorders.
Promising results have consequently been obtained in
Alzheimer’s disease, rheumatoid arthritis, progressive
multiple sclerosis, and systemic mastocytosis phase
[11-14]
. Masitinib has a good safety
Ⅱ/Ⅲ clinical trials
profile. The maximum tolerated dose has not yet
been reached in phase Ⅰ studies of healthy volunteers
or in cancer patients orally administered up to 1000
[6]
mg/d . Dose levels of 7.5 mg/kg per day have
shown no significant toxicity. The side-effect profile
of masitinib appears to be similar to other tyrosine

WJG|www.wjgnet.com

kinase inhibitors. Those commonly observed in longterm administration were gastrointestinal (nausea,
vomiting), hematological (anemia, lymphopenia,
neutropenia, thrombocytopenia), dermatological
(eyelid and facial oedema, rash), and others (pyrexia,
jaundice, dehydration, general deterioration in physical
[1,6-9,11-14]
health, hypokalaemia, and thrombosis)
. Liver
functions should be closely monitored in patients with
impairment, and especially those who are also treated
with another cytochrome P450 3A4 inhibitors.
Our patient had an acute icteric hepatitis with
elevated transaminases (> 10 ULN) and bilirubin
(> 5 ULN), which can be considered a grade IV
hepatotoxicity. Six months after beginning masitinib
treatment, she developed a marked elevation of
ALT; the drug was discontinued but transaminase
levels and bilirubin continued rising for 9 wk. After
immunosuppressive therapy, the patient improved and
a biochemical remission was observed. Grade 3 and 4
liver adverse events, as in our case, have previously
been reported with other tyrosine kinase inhibitor
drugs. After a literature review, we found at least 16
cases of severe DILI secondary to other members
of the TK inhibitors family, predominantly with
[15-17]
erlotinib
, but never with masitinib. Interestingly,
in four of the cases associated with imatinib, clinical
features, time course, histological pattern in the liver
biopsy, and a good response to corticosteroids were
[4,5,18-21]
consistent with an autoimmune DILI
.
The exact hepatotoxicity mechanisms of tyro
sine kinase inhibitors are still unknown, and the
pathogenesis of most drug-induced autoimmune
hepatitis are complex and not fully understood.
At present, limited information is available about
the mechanisms by which masitinib and other TK
inhibitors induce immune-mediated hepatotoxicity,
although a hypersensitivity mechanism has been
suggested for imatinib. It has been established that
reactive metabolites (RM) are formed during the
TK metabolism. These RM in genetically susceptible
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individuals (within the HLA region on the short arm
of chromosome 6, especially those encoding DRB1
alleles) lead to alterations of neighboring host proteins
or macromolecules, mainly peptides, and give rise to
neoantigens, which are recognized as foreign by the
host immune system and able to activate an immune
[4,22,23]
response
.
Although in most cases of DILI the patient recovers
when the drug is stopped, this is not always the
rule. In some cases, hepatic damage continues after
treatment with the drug is stopped, as occurred in our
patient. One possible explanation for the continuation
of liver injury after the administration of the drug
has been stopped is that the mechanism involves
an autoimmune component, which could continue
in the absence of the inciting drug. This mechanism
is probably what happened in our case, since the
histological pattern was consistent with an autoimmune
like histological pattern. Although the existence of
autoantibodies was not demonstrated, the excellent
response to immunosuppressive treatment, which
achieved a biochemical remission of inflammatory
activity, suggests that a drug-induced autoimmunelike hepatitis was the type of drug reaction responsible
[3-5,23-25]
for masitinib hepatotoxicity in our patient
.
Our patient was taking riluzole (one of the principal
criteria for inclusion in this trial). Riluzole is metabolized
in the liver via cytochrome P450 (CYP) hydroxylation
(principally by CYP1A2) and glucuronidation. Treatment
with riluzole has been associated with increases in AST
in a small proportion of patients. These increases are
usually small and transient and to our knowledge, only
3 cases of icteric toxic hepatitis associated with riluzole
[26,27]
have been reported
. We do not know whether
riluzole could increase the risk of hepatotoxicity to
masitinib.
These observations mean that it is necessary to
investigate the real mechanisms involved in order to
explain the hepatotoxicity of these drugs. Meanwhile,
taking into account the ongoing clinical trials with
masitinib - in our case with Amyotrophic Lateral
Sclerosis - and its FDA approval in the treatment of
certain types of advanced cancer, it is important that
clinicians are aware of this potential complication in
practice.

COMMENTS
COMMENTS

malignant extrahepatic obstruction, sarcoidosis, Dubin-Johnson syndrome,
Rotor's syndrome, primary biliary cirrhosis, primary sclerosing cholangitis,
cholangiocarcinoma, extrahepatic malignancy (pancreas, lymphoma),
pancreatitis.

Laboratory diagnosis

The patient had elevated transaminases (AST 228 IU/L, ALT 250 IU/L). The
transaminase values continued to rise to the following maximum values: AST
2221 IU/L, ALT 1166 IU/L, ALP 240 IU/L, and GGT 204 IU/L. Bilirubin rose to
10.47 mg/dL, despite the suspension of masitinib.

Imaging diagnosis

Liver ultrasonography showed a normal liver parenchyma and normal biliary
tract.

Pathological diagnosis

Histological examination showed diffuse parenchymal involvement with marked
portal lymphohistiocytic infiltrate, with neutrophils, numerous eosinophils and
only isolated plasma cells, accompanied by extensive interface hepatitis,
occasional bridging necrosis and severe lobular necroinflammatory activity.

Treatment

Oral prednisone 60 mg daily and oral azathioprine 50 mg daily.

Related reports

Hepatotoxicity induced by masitinib has been not reported to date.

Term explanation

ALS is a rapidly progressive neurodegenerative disorder predominantly
affecting motor neurons, leading to generalized muscle paralysis and death
from respiratory failure. Mean survival subsequent to clinical onset is 3-5 years.
A multicenter, double-blind, randomized placebo-controlled, exploratory phase
Ⅱ/Ⅲ study of masitinib in patients with ALS is ongoing.

Experiences and lessons

This case report presents the clinical characteristics of autoimmune-like
hepatitis induced by masitinib. The authors recommend that clinicians are
aware of this potential complication in practice.

Peer-review

The authors have described the first case in the literature of masitinib -induced
autoimmune-like hepatitis and the first in a TK inhibitors family in a nononcological patient - in this case with juvenile onset ALS. The article highlights
the clinical characteristics of this DILI/autoimmune-like hepatitis and provides
insights into the early diagnosis and therapeutic implications.
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Abstract
Small bowel volvulus, which is torsion of the small
bowel and its mesentery, is a medical emergency, and
is categorized as primary or secondary type. Primary
type often occurs without any apparent intrinsic
anatomical anomalies, while the secondary type is
common clinically and could be caused by numerous
factors including postoperative adhesions, intestinal
diverticulum, and/or tumors. Here, we report a rare
case of a 60-year-old man diagnosed with small bowel
volvulus using multidetector computed tomography
(MDCT) angiography. Further discovery by laparotomy
showed one jejunal diverticulum, longer corresponding
mesentery with a narrower insertion, and a lack of
mesenteric fat. This case report includes several
etiological factors of small bowel volvulus, and we
discuss the possible cause of small bowel volvulus in
this patient. We also highlight the importance of MDCT
angiography in the diagnosis of volvulus and share our
experience in treating this disease.
Key words: Small bowel volvulus; Jejunal diverticulosis;
Laparotomy; Laparoscopic cholecystectomy; Fibrous
adhesions
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: We present a case report of a patient diag
nosed with small bowel volvulus using multidetector
computed tomography angiography. Further discovery
by laparotomy showed one jejunal diverticulum, longer
corresponding mesentery with a narrower insertion,
and a lack of mesenteric fat. We discussed the possible
cause of small bowel volvulus, and demonstrated the
surgical skills in treating chronic small bowel volvulus.
Shen XF, Guan WX, Cao K, Wang H, Du JF. Small bowel
volvulus with jejunal diverticulum: Primary or secondary? World
J Gastroenterol 2015; 21(36): 10480-10484 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i36/10480.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i36.10480

Figure 1 Contrast-enhanced computed tomography scan of the abdomen
showing the mesentery and superior mesenteric artery with whirl sign.

INTRODUCTION
Small bowel volvulus involves torsion of all or a large
[1]
segment of the small intestine and its mesentery .
Most patients with acute small bowel volvulus attend
hospital with a complication of intestinal obstruction,
while those with chronic small bowel volvulus often
present atypical symptoms. Thus, better understan
ding of the etiology of midgut volvulus, as well as
relative instrumental examination, may help improve
the diagnosis and treatment of this disease. Small
bowel volvulus can be categorized as primary (no
obvious predisposing factors) or secondary (specific
[2]
predisposing anatomical abnormalities) . Numerous
etiological factors have been suggested to contribute
to the process of primary small bowel volvulus, while
[1,3]
adhesion bands, pregnancy, jejunal diverticulum
and/or complications following laparoscopic chole
[4]
cystectomy (LC) are the underlying causes of the
secondary type. Here, we describe a patient with small
bowel volvulus who had only one jejunal diverticulum,
and underwent LC during the process of small bowel
volvulus. We also further discuss the possible causes of
the midgut volvulus in this patient.

CASE REPORT
A 60-year-old man presented to our department with
a 2-year history of increasingly intermittent upper
abdominal pin-prick pain, which occurred after meals,
lasted 2-4 h, and eased in the right lateral decubitus.
He denied any presence of other gastrointestinal
symptoms, or change in bowel or bladder habits. He
was not admitted to hospital nor did he receive any
medical treatment during the first year until diagnosis
of cholecystolithiasis, which allowed him to receive LC.
There was no other relevant past medical, family or
surgical histories. Upper abdominal deep tenderness
was found on physical examination.
The initial contrast-enhanced computed tomography
(CT) scan of the abdomen showed the mesenteric
artery and superior mesenteric artery (SMA) with
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Figure 2 Multidetector computed tomography showing twisted small
vessels arising from the distal superior mesenteric artery, with no relevant
primary vascular stenosis or occlusion.
[5,6]

“whirl signs”
(Figure 1). The portal venous phase
axial CT images showed that the superior mesenteric
vein (SMV) and SMA had a normal relation, and the
duodenum was identified behind the root of the SMA.
To clarify small bowel volvulus, the patient was also
referred for multidetector CT (MDCT) angiography due
to suspicion of vascular variation that could also have
accounted for his intermittent upper abdominal pain.
On MDCT angiography, the twisted small vessels arising
from the distal SMA could be seen, with no relevant
primary vascular stenosis or occlusion (Figure 2).
Tightly twisted mesentery around the point of torsion
was also discovered. It is notable that no evidence of
bowel infarction and/or ischemia was detected, as well
as small bowel diverticulum.
The patient underwent laparotomy on day 4 of
hospitalization after excluding surgical contraindications,
although there were no positive abdominal physical
signs except for upper abdominal deep tenderness.
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Figure 3 One jejunal diverticulum with a size of 2.6 cm × 1.8 cm was seen
at laparotomy.

Figure 4 Whole small bowel arrangement to prevent re-torsion was
performed at laparotomy.

Laparotomy through an upper midline incision revealed
strangulation of the small intestine and massive bloody
ascites. The strangulation was caused by 540 degree
clockwise mesenteroaxic torsion. Reduction of the
torsion demonstrated strangulation of the intestine
at Treitz ligament 30 cm from distal jejunum to small
intestine of 200 cm. We also discovered one jejunal
diverticulum (Figure 3) and fibrous adhesion among the
strangulated intestine mesentery, which may have been
caused by previous LC and inflammation induced by
jejunal diverticulum. There were no ischemic changes
or necrosis, thus, we performed de-torsion of the small
bowel volvulus and small bowel arrangement to prevent
re-torsion. The patient had an uneventful postoperative
recovery and was discharged on postoperative day 7.

the secondary type, postoperative adhesions, which
may interrupt intestine location and arrangement,
[1]
have been of central importance . However, many
other causes have been reported, including tumors,
Meckel’s diverticulum, pregnancy, hematoma, and
complications following LC. In the present case, we
found one jejunal diverticulum and fibrous adhesions
between the mesentery. This patient had a history of
LC, therefore, the fibrous adhesions mentioned above
may have been due to surgery and/or inflammation
induced by jejunal diverticulum. Although both these
factors have been suggested as the cause of small
bowel volvulus, we discovered a longer corresponding
mesentery with a narrower insertion during surgery.
We think that the single diverticulum may have been
the secondary cause for initiation of volvulus because
this diverticulum was < 3 cm and not large enough
to trigger small bowel twisting and hampering its
repositioning. Because our patient underwent LC 1
year after his upper abdominal pain, fibrous adhesions
may also have been the secondary cause of small
bowel volvulus. Consequently, it is difficult to identify
the exact category as primary or secondary small
bowel volvulus for this patient. We have presented a
case of small bowel volvulus with jejunal diverticulum
and a history of LC during the process of volvulus.
Clinical presentation of midgut volvulus is usually
nonspecific unless an acute small bowel obstruction
with signs of peritonitis and/or systemic inflammatory
[8]
responses occurs . We should raise suspicion for small
bowel volvulus when a patient displays symptoms
such as upper abdominal pain after meals, alternating
diarrhea and constipation, tenderness and weight
[10]
loss . Accessory examination, especially for CT
and angiography, improves preoperative diagnostic
[11]
accuracy . CT scans demonstrate signs of volvulus
(known as “whirl signs”), signs of intestinal ischemia
(thickening of the bowel wall and free peritoneal fluid),
and signs of complete small bowel obstruction (air[12]
filled bowel loops or dilatation of closed intestines) .
The sensitivity of CT for diagnosis of midgut volvulus
[13]
is 60% . Angiographic appearances of the twisted

DISCUSSION
Volvulus is a well-established cause of acute intestinal
obstruction that occurs most frequently in the sigmoid
colon, followed by other areas of the colon. Volvulus
of the small intestine is usually found in the neonatal
period and diagnosed in the first week of life, and 80%
[7]
within the first month, and is rare among adults .
Small bowel volvulus can be categorized as primary
or secondary. Primary small bowel volvulus with
no congenital malrotation, bands, or postoperative
adhesions is one of the more common surgical
emergencies in the adult populations of India, Central
Africa, and the Middle East, with less occurrence
[2,8]
among western populations . Several etiological
factors are suggested to contribute to primary small
bowel volvulus, including absence of food during
daylight hours and consumption of a single, large,
[8]
high-fiber meal at night . In the Chinese literature,
no particular dietary factors are highlighted. Longer
corresponding mesentery with a narrower insertion and
a lack of mesenteric fat, as well as large volume of air
in the intestine, also account for the process of primary
[9]
small bowel volvulus . In contrast, secondary small
bowel volvulus often occurs in older patients, with both
sexes affected equally. When analyzing the causes of
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mesenteric vessels, dilated SMV, or prolonged contrast
[14]
transit time also suggest midgut volvulus . However,
angiography may be time-consuming and invasive,
limiting its use under emergency conditions. In the
presented case, we used CT together with MDCT
angiography, which produced multiplanar 3D images,
which provided information about the presence of
the volvulus, as well as the degree and location of
intestinal obstruction, to make the preoperative
[15]
diagnosis of small bowel volvulus . We clearly saw
the whirl sign and the small bowel wrapping around
the SMA.
Proper preoperative management and early surgical
[2]
treatment are essential for small bowel volvulus .
De-torsion of the involved bowel is needed when the
intestine is viable. To avoid recurrence of the volvulus,
intestinal fixation or appropriate resection of the
[16]
intestine may also be conducted . The volvulus in
this case may have mainly been due to the longer
corresponding mesentery with a narrower insertion and
lack of mesenteric fat. Therefore, we first untwisted
the volvulus, lysed the fibrous adhesions, removed the
jejunal diverticulum, and finally rearranged the entire
small intestine (Figure 4).
We performed intestinal arrangement (extraintestinal arrangement) as follows: the arrangement
started at jejunum 15 cm from Treitz ligament and
ended at ileum 20 cm from ileocecus. The fold was
made in intestine every 15 to 25 cm, and 4-0 silk
was used to suture small intestinal mesenteries
every 1.5 to 2 cm. It is notable that 4 cm intestinal
segment which consists of the fold should not be fixed
or sutured, and the sutured intestine should also be
fixed in the retroperitoneum while not in the side
peritoneum so as to alleviate postoperative pain as
splanchnic nerves control the retroperitoneum. The
gap between sutured mesentery and intestine should
be 2-3 cm as well.
In summary, we presented a case of small bowel
volvulus that may possibly be categorized as primary
type. Although one jejunal diverticulum and the
adhesion band between mesenteries have been found
at laparotomy, a longer corresponding mesentery with
a narrower insertion and lack of mesenteric fat may
have been the main cause in our case. When a patient
with small bowel volvulus is asymptomatic, CT and
MDCT angiography may be helpful for accurate and
immediate diagnosis because they can demonstrate
the rotated small bowel and mesentery, providing
simultaneously, information for any associated intes
tinal ischemia. Surgical intervention is necessary for
the treatment of midgut volvulus.

Differential diagnosis

Superior mesenteric artery embolus and intestinal intussusception.

Laboratory diagnosis

No special laboratory abnormality was found in this patient despite a low BMI
(17.5 kg/m2).

Imaging diagnosis

Computed tomography (CT) together with multidetector CT (MDCT)
angiography was performed for preoperative diagnosis, and the whirl sign, as
well as the small bowel wrapping around the superior mesenteric artery, was
shown.

Pathological diagnosis

No pathological diagnosis was available for this patient.

Treatment

Surgery was performed in this patient, and the specific procedures were to
untwist the volvulus, lyse the fibrous adhesions, remove the jejunal diverticulum,
and finally rearrange the entire small intestine.

Experiences and lessons

The authors discussed the possible causes of small bowel volvulus in this
patient. The authors also highlighted the importance of MDCT angiography in
the diagnosis of volvulus, and shared our experience in the surgical treatment
of this disease.

Peer-review

This is an interesting and well documented report on small bowel volvulus. This
report is meaningful as careful evaluation and appropriate surgical treatment
can reduce risk of intestinal necrosis and wide intestinal resection.
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Core tip: Nucleoside analogues generally need some
weeks before hepatitis B virus DNA becomes unde
tectable and therefore they may be too slow to influence
the clinical course of acute severe liver failure, and
the overwhelming anti-viral immune response might
actively contribute to the effectiveness of treatment. We
have performed prospective study of early introduction
of high-dose corticosteroid with/without nucleoside
analogue for severe acute reactivation of chronic
hepatitis B since 1997, and recovery rate without liver
transplantation improved from 25% to 70%.
Fujiwara K, Yasui S, Yokosuka O. Corticosteroid and nucleoside
analogue for hepatitis B virus-related acute liver failure. World J
Gastroenterol 2015; 21(36): 10485-10486 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i36/10485.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i36.10485

TO THE EDITOR

Abstract
The early introduction of combination therapy of
high-dose corticosteroid and nucleoside analogue is
beneficial for the rescue of severe acute exacerbation
of chronic hepatitis B.

WJG|www.wjgnet.com

Key words: Chronic hepatitis B; Exacerbation; Acute
liver failure; Nucleoside analogue; Corticosteroid

We read with interest a case report by Bockmann et
[1]
al , who presented three patients with hepatitis B
virus (HBV)-related acute liver failure (ALF) who were
treated with combination of high-dose corticosteroid
(CS) and nucleoside analogue (NA), which resulted in
a rapid improvement of clinical and liver parameters.
We agree with authors’ insight that NAs generally
need some weeks before HBV-DNA becomes unde
tectable and therefore they may be too slow to
influence the clinical course of acute severe liver
failure, and that dampening the overwhelming antiviral immune response might actively contribute to the
effectiveness of treatment.
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There is no proven beneficial treatment, except for
emergency liver transplantation (LT) for ALF because
of severe acute exacerbation of chronic hepatitis B
(SAECHB). In Japan where shortage of donor livers
have been serious problem, we have performed pros
pective study of early introduction of high-dose CS
with/without NA for SAECHB since 1997, and recovery
[2-5]
rate without LT improved from 25% to 70% , but
have rarely seen publications from European countries
and US after controlled trials of CS in the 1970s had
shown no improvement in survival, although the first
impressive case report of successful CS therapy for
[6]
SAECHB was published in Europe .
When discussing HBV-related ALF, we should
distinguish that due to acquired infection and that
due to reactivation of chronic infection because of the
differences of the level and continuity of viral replication
[7]
and as a consequence the efficacy of therapy . The
latter patients are much more resistant to therapy than
the former ones.
In our study, most of the patients did not recover
when the start of combination therapy was delayed
beyond 10 d after the diagnosis of severe disease,
because large numbers of hepatocytes would already
have been destroyed and inhibition of inflammatory
reaction might not be effective. On the other hand,
we have often experienced patients with SAECHB
showing very high level of viral replication more than
8-9 logcopies/mL of HBV. In such cases, control of
both HBV and liver tests was quite difficult even using
the combination therapy, and many cases developed
fulminant liver failure and impaired liver regeneration
resulting in death due to liver failure or infectious
complications, or LT.
The number of patients with SAECHB has decreased
by early use of NA before the development of severe
disease, but HBV replication has been shown to persist
in the liver and in peripheral blood mononuclear
cells even in patients with resolved HBV infection

(HBsAg negative, HBsAb and/or HBcAb positive),
and reactivation of HBV could occur in relation to
immunosuppressive therapy and chemotherapy. In
the future, we should re-evaluate the efficacy of com
bination therapy by worldwide/multicenter studies
using “uniform criteria and treatment protocols”,
although controlled trials will not be feasible considering
the poor prognosis.
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Abstract
The intestinal microbiome is emerging as a crucial
mediator between external insults and systemic
infections. New research suggests that our intestinal
microorganisms contribute to critical illness and the
development of non-gastrointestinal infectious diseases.
Common pathways include a loss of fecal intestinal
bacterial diversity and a disproportionate increase in
toxogenic bacterial species. Therapeutic interventions
targeting the microbiome - primarily probiotics - have
yielded limited results to date. However, knowledge in
this area is rapidly expanding and microbiome-based
therapy such as short-chain fatty acids may eventually
become a standard strategy for preventing systemic
infections in the context of critical illness.
Key words: Clostridium difficile ; Gut; Microbiome;
Critical illness; Short-chain fatty acids; Probiotics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role of the intestinal microbiome in the
development and treatment of Clostridium difficile (C.
difficile ) infection is well established. However, the
intestinal microbiome is emerging as a crucial mediator
in the development of systemic disease and nongastrointestinal infection. If the pathways linking gut
bacteria to systemic infections can be elucidated, it may
become possible to intervene upon the microbiome
before disease occurs. This understanding would move
clinicians beyond fecal microbial transplant for C.
difficile infection to paradigm-changing treatments for
gut-derived systemic infections.
Latorre M, Krishnareddy S, Freedberg DE. Microbiome as
mediator: Do systemic infections start in the gut? World J
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INTRODUCTION
Infections are the leading cause of death in children, the
leading cause of death in adults admitted to intensive
care units (ICUs) and, in the United States and Europe,
[1]
the leading cause of iatrogenic death . The relative
ease of obtaining fecal specimens and the declining cost
of high-throughput sequencing has led to newfound
interest in the fecal microbial flora as the source for
[2]
systemic infections . However, the concept of the gut
as a source for infection is not new: over two-thousand
years ago, Hippocrates affirmed that “all disease begins
in the gut”. Recent studies have demonstrated that
gut flora influence a vast array of functions including
[3]
immunity, energy utilization, and drug metabolism .
Disruption to our intestinal microbiome has been
linked to systemic infections, including respiratory tract
[4-6]
infections, bacteremia and urinary tract infections .
The gastrointestinal microbiome is emerging not as the
cause of disease, but as the crucial mediator between
external insults and systemic infections (Figure 1). Data
from animal and human studies show that targeted
manipulation of the fecal flora has the potential to
ameliorate systemic infections.

CLOSTRIDIUM DIFFICILE INFECTION
The quintessential disease of the microbiome remains
Clostridium difficile (C. difficile) infection (CDI), which
is both caused and cured by altering the intestinal
microbiome. Antibiotics are the most important risk
factor for the development of CDI, however host
microbiome factors have recently been identified that
additionally contribute to colonization and infection with
[7,8]
C. difficile . The associated changes include loss of
diversity in the intestinal flora, depletion of Bacteroides,
increased Enterococcaceae and Streptococcaceae,
reduced non-toxogenic Clostridial species and increased
[3,9-12]
fecal concentrations of C. difficile
. The success of
fecal transplant as treatment for recurrent C. Difficile
whether by enema, colonoscopic transplant, duodenal
infusion, or pills, demonstrates that restoration of
[3,13,14]
a diverse flora is highly effective
. Even more
exciting is evidence that targeted restoration of the fecal
microbiome with just a handful of specific bacteria can
[15]
be equally effective . Unfortunately, similar outcomes
have yet to be achieved for other systemic or infectious
conditions.

CRITICAL ILLNESS
Can the knowledge gained in the treatment of CDI be
translated into effective treatments in other situations?
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Perhaps the most promising area is in the relationship
between critical illness and the intestinal microbiome.
Analysis of stool samples from critically ill patients
through Gram staining, culture and 16S rRNA gene
amplification has revealed evidence of microbial
[16,17]
dysbiosis during critical illness
. In a study performed
[16]
by Shimizu et al , fecal specimens from patients with
severe systemic inflammatory response syndrome
(SIRS) were Gram stained and cultured to evaluate
bacterial diversity. Patients with fewer bacteria on Gram
stain also had fewer obligate and facultative anaerobes
upon culture, and patients with stool that was depleted
on Gram stain had a significantly increased incidence of
enteritis, pneumonia and mortality due to multi-organ
dysfunction compared to patients with diverse stool
[17]
patterns. Zaborin et al achieved similar results using
16S sequencing to evaluate the fecal composition of
14 patients in the ICU, 10 of which had been admitted
for a period of over 20 d. In 5 patients, they observed
the emergence of ultra-low-diversity communities
containing just 1 to 4 bacterial taxa. Decreased intestinal
diversity in critically ill patients facilitates colonization by
health-care associated pathogens and the development
[17,18]
of multi-drug resistant organisms
. These findings
are consistent with the role of intestinal microorganisms
in the maintenance of immunity, proliferation of
[3,18]
colonic epithelial cells, and energy production
.
During periods of critical illness selective pressure
from ischemia, inflammation and altered immunity,
decreased intestinal motility and reduced oxygen
tension likely contribute to the development of intestinal
dysbiosis. Medical therapies, namely antibiotics, also
deplete host microbial diversity in critically ill patients
through changes in the physiology, structure and gene
[19,20]
expression of intestinal bacteria
. The ability to use
fecal microbial characteristics to identify ICU patients at
high risk for subsequent systemic infections is a crucial
first step towards successful therapeutic interventions
through manipulation of the microbiome.

HOST IMMUNITY AND THE MICROBIOME
DURING CRITICAL ILLNESS
In healthy hosts, the gut epithelium plays a number
of important immunological roles including acting
as a barrier against invading pathogens, producing
hormones and cytokines, producing antimicrobial
peptides, and continuously communicating with both
the gut-associated lymphoid tissue and with intraluminal
[21]
bacteria . Critically ill hosts have alterations in gut
immune function related to the intestinal microbiome
that facilitate systemic infections. On a cellular level,
crypt proliferation is markedly decreased and both
crypt and villus apoptosis are simultaneously increased
[22]
following sepsis . Critical illness slows the migration
of epithelial cells in a manner dependent on Toll-like
receptor-4 (TLR-4) and also induces global altera
[23,24]
tions in the mucus layer and gut barrier function
.
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Figure 1 Schematic of the pathways connecting critical illness to gut-derived systemic infections.

Patients who are in intensive care invariably receive
broad-spectrum antibiotics which affect luminal bacteria
even when these antibiotics are given intravenously
and secreted into the lumen in exceedingly small
[25]
amounts . Antibiotics cause loss of bacterial ligands
that would normally trigger TLRs and other receptors
through microorganism-associated molecular patterns
[26]
(MAMPs) . Antibiotic-induced loss of specific microbial
signals, such as signaling from segmented filamentous
bacteria, impairs normal maintenance of T-helper cells
[27]
and other T-cell subsets .
In addition to the direct effects of antibiotics, critical
illness itself may alter adaptive immunity including
changes in gut secretion of IgA. Intestinal bacterial
colonization is a potent inducer of secretory IgA, and
IgA is especially important at mucosal surfaces. A
functional role for IgA in mucosal infections has been
demonstrated in certain infections such as rotavirus,
[28]
influenza, and cholera toxin . In addition, it has been
demonstrated that bacterial specific IgA is induced
following bacterial colonization and that the IgA
repertoire decreases when there is reduced intestinal
microbial diversity, as is the case during critical
[29]
illness . Another established immune adaptation
+
is the induction of different mucosal CD4 T cell
subsets following intestinal colonization. A variety
+
of functionally distinct CD4 T cells exists, including
+
regulatory Foxp3 cells, Th1, Th2, Th17 and T follicular
helper cells. Several studies have demonstrated that
normal intestinal colonization either with different
bacterial communities or individual species such as
[30-32]
Bacteroides fragilis also can induce Treg cells
. The
importance of a robust adaptive immune response to
colonic bacteria is demonstrated by CDI; compared
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to patients with a normal serum IgG response after
infection, those with a low serum IgG response to C.
difficile toxin A are nearly fifty times more likely to
[33]
experience recurrence .
+
Changes in CD4 T-cell compartments are likely to
impact risk for systemic infections, yet much about the
microbiome during critical illness remains uncertain.
The most established method of assessing the role of
the microbiome in critical illness or other situations is
through germ-free mouse models, which completely
lack endogenous flora. Germ-free mice have widely
varying responses in preclinical models of critical
illness. In Pseudomonas aeruginosa pneumonia,
for example, germ-free mice have higher mortality
and altered intestinal epithelial apoptosis compared
to conventional mice; similar results are seen in
germ-free mice infected with Klebsiella pneumonia
pneumonia, with severity of illness mediated by
[34,35]
IL-10
. In contrast, germ-free mice have 100%
survival in a model of ischemia/reperfusion that is
lethal in conventional animals, which is associated with
[36]
abrogation of the systemic inflammatory response .
These disparate responses highlight the importance of
disease and even pathogen specificity when evaluating
host-microbial interactions.

SITES OF EXTRA-INTESTINAL
INFECTIONS
The gastrointestinal microbiome has been implicated
in the development of non-gastrointestinal infections in
[4]
the lungs, blood and urine. Rosen et al evaluated the
effect of acid suppression therapy on the abundance
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and diversity of gastric and lung microflora in children
presenting with chronic cough. Acid suppression was
associated with gastric bacterial overgrowth of which
the predominant species were Streptococcus and
Staphylococcus, both known lung pathogens. Although
the gastric and pulmonary environments did not
correlate with the prevalence and diversity of bacterial
species, these results indicate that medications may
affect the interaction between the microorganisms
of the mouth, upper gastrointestinal tract and the
respiratory system.
[5]
Taur et al demonstrated an association between
the intestinal microbiome and the development
of bacteremia in patients undergoing allogeneic
hematopoetic stem cell transplant (allo-HSCT). Stool
specimens were collected from 94 patients undergoing
allo-HSCT from before transplant until 35 d after
transplant. After transplant, patients consistently
developed reduced bacterial diversity with shifts
in the dominating bacterial populations inhabiting
the gut to Enterococcus, Streptococcus and various
Proteobacteria. Increased Enterococcus domination in
gut flora correlated to a nine-fold increase in the risk
of Vancomycin-resistant Enterococcus bacteremia.
Proteobacterial domination correlated with a five-fold
increase in Gram-negative rod bacteremia.
Although the urinary tract was once thought to
be sterile, intestinal bacterial composition has now
been linked to the development of urinary tract
infections and disease. In a study of patients with new
[6]
urinary catheters, Tambyah et al found that twothirds of patients developed urinary tract infections
from non-urinary sources and, of those, nearly fifty
percent had infections that developed after 48 h,
suggesting migration of microbes from the perineum.
These infections were most commonly caused by
Enterococcus, Streptococcus, and Gram-negative
rods, which implicates the intestinal microbiome in the
development of infection. Small studies investigating
the urinary microbiome through the use of 16S rRNA
sequencing have demonstrated the presence of bacteria
[37]
in healthy subjects. Fouts et al showed that in patients
at risk of asymptomatic bacteriuria due to spinal cord
injury, urinary microbiomes differed from healthy control
patients, instead paralleling the fecal microbiome with a
predominance of gut microbes including Clostridia and
[38]
Bacteroidetes . Patients with interstitial cystitis, an
inflammatory condition of the bladder, have decreased
diversity and a prominence of Lactobacillus compared
to healthy controls, again suggesting transmission
[38]
through the intestinal microbiome . These studies
remind us that our intestinal microorganisms have the
potential to explain infectious diseases far beyond the
gastrointestinal tract.

USE OF PROBIOTICS
Despite advances in understanding the role of the
intestinal microbiome in the pathogenesis of disease,
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the use of probiotics as treatment has yielded limited
success. Even for treatment and prevention of CDI,
probiotics have been disappointing. A 2008 Cochrane
review evaluating the use of probiotics for the treat
ment of CDI in adults found insufficient evidence to
support the use of probiotics alone or in conjunction
[39]
with antibiotics . An updated review evaluating the
use of probiotics for the prevention of C. difficileassociated diarrhea (CDAD) in adults and children
found moderate quality evidence to suggest that
probiotics were both safe and effective for preventing
CDAD, but the very modest effect size has deterred
[40]
use of probiotics for this purpose in clinical practice .
To date, there is minimal evidence that probiotics are
effective in other gastrointestinal diseases such as
[41,42]
ulcerative colitis and Crohn’s disease
.
Probiotics may have the greatest potential for
therapeutic benefit in targeted populations such as
critically ill patients if key microbial taxa and pathways
can be identified. This would allow for possible inter
vention on the gastrointestinal flora after it has been
damaged but before the onset of disease. However,
there are barriers to the use of microbiome-based
therapeutics in the setting of critical illness given
difficulty tolerating oral intake, concerns over the
possibility of precipitating infection through the
introduction of bacterial species, and incomplete
understanding of the correct composition and dosage of
probiotic compounds. But several studies now suggest
that targeted microbiome-based therapies have the
capacity to overcome these hurdles. Among these
budding treatments, short-chain fatty acids (SCFAs)
may be the best.

SCFAS IN CRITICAL ILLNESS
SCFAs play a unique role in colonic microbial ecology,
especially in the critically ill, where they serve as a
direct fuel substrate for colonic epithelial cells and
[43]
maintain the normal gut barrier. Yamada et al
measured fecal SCFAs in critically ill patients with SIRS
at the time of ICU admission and for the following
6 wk. Compared to healthy volunteers, patients in
the ICU had four-times lower levels of butyrate,
the dominant human colonic SCFA, and other
[43]
SCFAs . Mice models prove that manipulation of the
microbiome using SCFAs has the potential to alter
bacterial translocation across the gut wall in the setting
[44,45]
of critical illness
. Using a mouse model and an
Escherichia coli (E. coli) O157:H7 challenge, Fukuda
[44]
et al
found that Bifidobacterium longum, but not
Bifidobacterium adolescentic, was protective against
death. This effect was attributed in part to increased
production of acetate which resulted in inhibition of
translocation of the E. coli O157:H7 from the gut to
blood. SCFAs are the main end product of complex
carbohydrate metabolism and the authors showed that
carbohydrate utilization, as determined by metabolic
profiling, was proportional to the degree of protection
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conferred by the different Bifidobacterium species.
Microbiota-derived butyrate was recently shown
to stabilize hypoxia-inducible factor, a transcription
factor that strengthens the gut barrier in the setting
of ischemic colitis or other injuries. This protective
mechanism is likely to be of particular importance in
[46]
critically ill patients .
One way to mitigate the potential loss of SCFAs
during critical illness is through the administration of
[47]
fiber-containing feeds. In a study by O’Keefe et al
of critically ill patients with necrotizing pancreatitis,
administration of fiber-containing enteral feeds increased
fecal content of SCFAs. Despite these encouraging
findings, few studies have evaluated the use of SCFAs
during critical illness. A study performed in rats that had
sepsis induced by cecal perforation showed that animals
receiving infusion of sodium butyrate had reduced
[45]
mortality and end organ dysfunction . Similarly, a
study of 55 critically ill patients receiving enteral feeding
with an experimental supplement containing SCFAs
resulted in improved organ function as measured by
the Sequential Organ Failure Assessment score over a
[48]
10-d period . These studies suggest the potential of
SCFAs and fiber as adjunctive therapy in the treatment
of critical illness.
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FUTURE CONSIDERATIONS
The intestinal microbiome is emerging as a crucial
mediator between external insults and systemic
infection. This new perspective on the microbiome
provides a novel platform for describing how pneu
monia, bacteremia, urinary tract infections and other
systemic conditions are acquired. With this newfound
understanding, it may one day be possible to move
beyond fecal microbial transplant for C. difficile
infection to paradigm-changing treatments for gutderived systemic infections.
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Abstract
Bone metastases from gastric cancer (GC) are considered
a relatively uncommon finding; however, they are
related to poorer prognosis. Both primary GC and its
metastatic progression rely on angiogenesis. Several
lines of evidence from GC patients strongly support the
involvement of mast cells (MCs) positive to tryptase
(MCPT) in primary gastric tumor angiogenesis. Recently,
we analyzed infiltrating MCs and neovascularization in
bone tissue metastases from primary GC patients, and
observed a significant correlation between infiltrating
MCPT and angiogenesis. Such a finding suggested
the involvement of peritumoral MCPT by infiltrating
surrounding tumor cells, and in bone metastasis
angiogenesis from primary GC. Thus, an MCPT-stimulated
angiogenic process could support the development of
metastases in bone tissue. From this perspective, we
aim to review the hypothetical involvement of tumorinfiltrating, peritumoral MCPT in angiogenesis-mediated
GC cell growth in the bone microenvironment and in
tumor-induced osteoclastic bone resorption. We also
focus on the potential use of MCPT targeting agents,
such as MCs tryptase inhibitors (gabexate mesylate,
nafamostat mesylate) or c-KitR tyrosine kinase inhibitors
(imatinib, masitinib), as possible new anti-angiogenic and
anti-resorptive strategies for the treatment of GC patients
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affected by bone metastases.
Key words: Bone metastases; Gastric cancer; receptor
activator of nuclear factor-kB; Angiogenesis; Osteoclastic
bone resorption; Tryptase inhibitors; c-Kit receptor
tyrosine kinase inhibitors; Anti-angiogenic therapy
© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: The activation of the stem cell factor/c-Kit
receptor (c-KitR) pathway in mast cells (MCs), and
tryptase release upon MCs degranulation have a
pivotal role in tumor angiogenesis in several human
malignancies. MCs positive to tryptase (MCPT) have
been implicated in primary gastric cancer (GC) an
giogenesis. Our preliminary findings indicated that bone
metastasis angiogenesis from GC is also supported by
infiltrating MCPTs. Overall, the evidence provides a
rationale to evaluate c-KitR inhibitors that block MCs
degranulation, or tryptase inhibitors that inhibit tryptase
and/or the Proteinase-Activated Receptor-2 pathway, in
clinical trials for bone metastasis GC patients.
Leporini C, Ammendola M, Marech I, Sammarco G, Sacco
R, Gadaleta CD, Oakley C, Russo E, De Sarro G, Ranieri G.
Targeting mast cells in gastric cancer with special reference
to bone metastases. World J Gastroenterol 2015; 21(37):
10493-10501 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i37/10493.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i37.10493

INTRODUCTION
Gastric cancer (GC) is a major cause of cancer-related
[1]
mortality worldwide . According to GLOBOCAN
estimates, there were 260000 cases of cardia GC and
[1]
691000 cases of non-cardia GC in 2012 . Generally, at
the time of diagnosis, most patients have unresectable
[2]
or metastatic disease . The most common site of
distant metastases is the peritoneum, followed by
[2,3]
the liver, lung and bones . Bone metastases are a
[4]
relatively uncommon finding , occurring in between
1% and 20% of GCs. Notably, they represent a major
discomfort because of the related pain, neurological
[5,6]
involvement and hypercalcemia syndrome . Recently,
it was reported that bone metastases diagnosed by
Fluorine-18- fluorodeoxyglucose positron emission
tomography/computed tomography examinations
[7]
represented 10% of an evaluated series . In fact, many
GC patients die from metastases in intraperitoneal
organs before their bone metastatic sites are revealed.
Both primary GC and its metastatic progression rely
[8,9]
on angiogenesis , which plays a crucial role in cancer
development, inducing tumor growth, invasion and
[10,11]
metastasis
. Moreover, cancer stem cells also
promote GC metastasis via close physical cellular
contact and paracrine signals released from the
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tumor niche, both in vivo and in vitro. In fact, stromaassociated cancer stem cells promote the GC cell
epithelial to mesenchymal transition (EMT), attracting
circulating cancer cells to self-seed the primary tumor,
[12]
again though EMT .
Interestingly, a large body of evidence supports
the substantial involvement of mast cells (MCs)
[9,13-17]
in tumor angiogenesis
. A preclinical pivotal
study documented that the angiogenic response to
subcutaneously growing B16-BL6 tumors was lower
in genetically MC-deficient W/Wv mice compared
+/+
with MC-sufficient
littermate mice. Moreover, the
latters showed a greater propensity to develop lung
[18]
metastases . Accordingly, a significant increase in
MCs density (MCD) was observed in several animal
[19-22]
and human malignant tumors
.
MCs secrete several classical and non-classical
pro-angiogenic factors, including vascular endothelial
growth factor (VEGF), fibroblast growth factor-2
(FGF-2), platelet-derived growth factor-β (PDGF-β),
interleukin-6 (IL-6), IL-8, thymidine phosphorylase
[23-27]
(TP), chymase and tryptase
.
Notably, tryptase is the most powerful non-classical
pro-angiogenic factor released by MCs upon c-Kit
[28]
receptor (c-KitR) TK activation . Tryptase induced
[29]
endothelial cell (EC) proliferation in a matrigel assay
and in vivo in a chick embryo chorioallantoic membrane
[27]
(CAM) assay : tryptase inhibitors suppressed both
effects consistently. Tryptase activates the proteinaseactivated receptor-2 (PAR-2) expressed on ECs, directly
[17,30]
stimulating their proliferation
. Interestingly, PAR-2
expression is greater in tumor tissues than in normal
[31]
tissues . Moreover, it also promotes the degradation
of extracellular matrix (ECM) components via metal
loproteinases activation, resulting in the release of ECMbound latent pro-angiogenic factors (e.g., VEGF and
[32,33]
FGF-2)
. Most notably, many human studies have
established a positive correlation between MCD positive
to tryptase (MCDPT) and microvascular density (MVD)
[9,13,14,34-39]
in tumor tissue
.
Several findings from patients strongly support
the crucial involvement of MCDPT in primary gastric
[28,39-41]
tumor angiogenesis
. There is also a significant
correlation between MCDPT and angiogenesis in bone
[42]
metastases from GC patients .
Starting from these preliminary results, we aim
to review: (1) the involvement of MCDPT in GC angio
genesis; (2) the specific role that MCDPT might play in
bone metastases angiogenesis; and (3) the potential
targeting of MCDPT by tryptase or c-KitR tyrosine
kinase (TK) inhibitors in metastatic gastric patients
with special reference to bone metastases.

MCDPT AND TUMOR ANGIOGENESIS
MCs are cells that originate in the bone marrow
+
[43]
from pluripotent CD34 hematopoietic stem cells .
Precursors of MCs migrate through the circulation
to their target tissues, completing their maturation
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process into granulated cells, under the influence of
[44]
several microenvironment growth factors . The most
important of the above factors is the ligand for the
c-KitR TK, stem cell factor (SCF), secreted mainly by
fibroblasts and ECs. SCF also regulates development,
[33,45]
survival and de novo proliferation of MCs
. MCs
express the high affinity IgE receptor, which, following
IgE activation, triggers release of their stored proangiogenic factors. In this way a link between immunity
and angiogenesis is established by MCs. Among the
other IgE-independent MCs activation mechanisms, a
wide variety of other surface receptors for cytokines,
chemokines, immunoglobulins, complement and
[46]
bacterial products, are also described .
MCs granules are key functional elements, cha
racterized by two distinct secretory patterns: exocytosis
[33]
or piecemeal degranulation . Interestingly, this latter
mechanism, representing a slow and selective pathway
of cell secretion, has been more frequently observed
in MCs infiltrating areas of chronic inflammation, such
[47]
as tumor tissues . Correspondingly, a link between
MCs, chronic inflammation and cancer has been long
[23,47]
suggested
. Thus, MCs are one of the earliest and
major inflammatory cell types recruited into the tumor
[9,13,14,39,48]
microenvironment
.
In particular, several data from human studies have
highlighted a strong linear correlation between MCDPT and
pathological angiogenesis sustaining several solid tumors,
such as human malignant melanoma, endometrial
carcinoma, breast cancer, GC, colorectal cancer (CRC)
[9,14,20,21,28,34-39,49-51]
and pancreatic ductal adenocarcinoma
.
Remarkably, MCDPT correlated with angiogenesis,
tumor aggressiveness and poor tumor outcome in most
[9,16,23,33]
clinical investigations
, suggesting a prognostic
[14,21,35,39,50-52]
significance for MCDPT in several tumors
.
[28]
Moreover, Ammendola et al
demonstrated a positive
correlation among MCDPT, c-KitR expressing cells
and MVD in tumor tissue specimens from surgical
GC patients, confirming that c-KitR activation on MCs
surface, resulting in tryptase degranulation from activated
[24,53]
MCs, has a pivotal function in tumor angiogenesis
.
Thus, MCDPT may represent a novel and attra
ctive therapeutic target of anti-angiogenic cancer
[33,45]
therapy
. Indeed, MCDPT-targeted therapeutic
approaches could limit angiogenesis in growing tumors,
potentially decreasing tumor growth and metastasis.
Therefore, tryptase inhibitors, such as gabexate
[54]
mesylate and nafamostat mesylate , or c-KitR
[10,55,56]
inhibitors, such as imatinib and masitinib
, should
be evaluated in clinical trials as new anti-angiogenic
agents in combination with chemotherapy.

MCDPT, ANGIOGENESIS, AND IMMUNE
SUPPRESSION IN HUMAN CANCERS:
THE DUAL VALUE OF TARGETING
MCDPT
Different infiltrating cell populations form the tumor

WJG|www.wjgnet.com

microenvironment, enabling a pathological condition
that directly promotes angiogenesis, tumor spread and
[57]
invasion
and, concurrently, hamper the immune
[58]
response against tumors . However, a relationship
between high MCD and improved overall survival has
[59]
also been reported in some human studies , signifying
a diversified and not yet well-understood role for MCs
in cancer. Note that, with reference to this relationship
between high MCD and favorable prognosis, MCs are
able to modulate both innate and adaptive immune
[60]
responses . In this context, MCs are involved in innate
immunity by releasing tumor necrosis factor-α (TNF-α)
and interleukins (IL-1, 4, 6) that, in turn, help to kill
[24,46]
tumors
. In addition, MCs express both the major
histocompatibility class (MCH) Ⅱ antigen and its costimulatory molecule, which activate adaptive T and B
[61]
cell responses against tumors . Finally, MCs cooperate
[61]
with natural killer cells to reject cancer cells . On
[62]
the other hand, Shin et al
reported the critical
involvement of MCs’ tryptase in eosinophils recruitment,
suggesting a role in the induction of a pro-inflammatory
microenvironment. In this way, MCDPT may also induce
angiogenesis via several pro-inflammatory cytokines
[23,33]
that act as pro-angiogenic factors
. Taken together,
the data confirm the potential dual value of MCPT as
a therapeutic target for tryptase inhibitors or c-KitR
tyrosine kinase inhibitors, which could both prevent
MCDPT-mediated immune suppression and promote/
unleash protective anti-tumor immune responses
through the selective inhibition of MCDPT-mediated
angiogenesis, resulting in tumor regression.

MCDPT AND ANGIOGENESIS IN HUMAN
GC
Several studies support the view that inflammation
is a critical component of GC development and
[24,53,63]
progression
. In turn, increasing evidence sug
gests an intimate relationship between angiogenesis,
[16]
inflammation and GC progression . In the GC microen
vironment, many types of inflammatory cells exist, and
among them, MCs promote GC angiogenesis by secreting
pro-angiogenic factors and cooperating with stromal
and malignant cells. In turn, neovascularization helps to
maintain inflammation by promoting the migration of
[16,63,64]
inflammatory cells to the site of inflammation
.
From a translational point of view, a significant
positive correlation between MCDPT and MVD has been
confirmed in cancer tissue specimens. Interestingly,
specimens from patients with advanced histological
stages of the disease showed a higher MCD than those
[65,66]
from patients with early stage disease
.
[9]
Similarly, Ribatti et al observed that stage IV
GC shows a higher degree of vascularization than the
earlier stages, and that MCDPT increases in parallel
with malignancy grade and is highly correlated with
the extent of angiogenesis in primary tumor tissue.
[67]
Zhao et al
reported a significant positive correlation
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Table 1 Principal studies that correlate mast cell density and mast cells density positive status to tryptase with angiogenesis or
negative prognostic factors in gastric cancer patients
Disease stage/
main stages

Chemotherapy

Patients
(n )/site

Methods of MCs
identification

Correlation

P value

Ribatti et al[9], 2010

All TNM stages
(mainly Ⅱ-Ⅳ)

No

30

All TNM stages
(mainly Ⅱ-Ⅳ)
TNM stage
Ⅲ
TNM stage
Ⅲ

No

60

Nr

25

Nr

19

MCD and
Angiogenesis and advanced
tumor stage
MCD and
advanced tumor stage
MCDPT and MVD and
c-KitR-EC
MCDPT and no. of metastatic
lymph nodes

< 0.05

Zhao et al[67], 2012

Immunohistochemistry
primary anti-tryptase and
anti-chymase Abs
Immunohistochemistry
primary anti-tryptase Ab
Immunohistochemistry
primary anti-tryptase Ab
Immunohistochemistry
primary anti-tryptase Ab

Ref.

Ammendola et al[28], 2013
Ammendola et al[32], 2013

NS
0.001
0.01

Ab/s: Antibody/antibodies; MCD: Mast cell density; NR: Not reported; MCDPT: Mast cells density positive to tryptase; c-KitR EC: c-Kit receptor
expressing cell.

between the increased infiltration of MCDPT and the
progression of disease in GC patients, documenting an
association between a high level of tryptase expression
and advanced tumor stage, which is a marker of poor
prognosis. In agreement with the above findings, a
more recent investigation evaluating biopsy specimens
from 25 GC patients highlighted a positive correlation
between MCDPT, c-KitR expressing cells and MVD, using
[28]
immunohistochemistry and image analysis methods .
Furthermore, in a series of 41 gastrointestinal cancer
patients, a positive correlation between MCDPT and
the number of metastatic lymph nodes harvested,
and between MCDPT in primary tumor tissue and
[39]
in metastatic lymph node tissue, were observed .
These results suggested that MCs’ tryptase, like VEGF,
could be involved in tumor lymphangiogenesis, which,
in turn, is correlated with lymph node metastases,
both in experimental cancer models and several
[68]
human cancers . Table 1 summarizes the above
studies correlating MCD with angiogenesis or negative
prognostic factors.
Overall, the majority of studies in GC support
the view that MCDPT is significantly correlated with
the depth of invasion, lymph node metastases,
lymphatic or blood invasion, the degree of histological
differentiation, and the number of blood vessels
surrounding GC cells. Most of the MCs located near
the neovascularization areas were degranulated,
suggesting the critical role of tryptase in angiogenesis
[8]
and tumor progression . Correspondingly, tumors
injected into mice treated with inhibitors of MCsdegranulation presented decreased vascularization,
[65,69]
growth and metastasis
.
Data from an ultra-structural study in advanced GC
patients highlighted that perivascular MCs containing
only tryptase in their granules exhibited piecemeal
degranulation that was significantly associated
with microvascular basal lamina changes (irregular
thickness, multiple layers and loose association with
ECs and pericytes), which fitted with a remodeling of
existing microvasculature. These changes are involved
in the increased vascular permeability that characterizes
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[70]

the tumor microvasculature . Interestingly, this
suggested that MCs’ tryptase, through its direct
and indirect proteolytic activity on the ECM, could
induce fenestrations in the endothelium of tumor
[71]
microvasculature, like VEGF ; thus, specifically
contributing to metastasis in GC.
In light of these evidence-based considerations,
serum tryptase released by MCs could be an indicator
for future surgery, a valid predictive factor for
hematogenous invasion or metastasis, and a promising
prognosis marker both in early and advanced GC.
Taken together, the evidence suggests that the
accumulation of MCDPT at the periphery of GC tissue
might lead to increased rates of tumor vascularization,
thus promoting tumor growth and metastases to
distant organs. Therefore, MCDPT may represent a
valuable target of anti-angiogenic therapy, either by
tryptase inhibitors or c-KitR inhibitors, which may
prove useful therapeutic tools to control angiogenesismediated tumor growth, progression and metastasis in
GC.

ROLE OF MCDPT IN BONE METASTASIS
ANGIOGENESIS FROM PRIMARY GC
Bone metastases from GC arise from a scattered
metastatic spread of tumor cells in the bone marrow
(most frequently located in the thoracic and lumbar
[72]
vertebrae) . These metastases are mainly osteolytic,
[5,6,73-75]
while osteoblastic implants are rarely reported
.
Notably, bone metastases in GC usually occur in the
advanced stages of the disease, generally correlating
[2,5,6,73,74]
with poor prognosis
. However, the dissemination
of micrometastatic cells in the bone tissue may be
evident in early GC, in which a poorly-differentiated
carcinoma, the presence of signet-ring cell carcinoma,
and/or the involvement of lymph node metastasis, seem
[76]
to be risk factors associated with bone metastases . In
particular, in bone marrow micrometastases in early GC,
subclinical seeding of tumor cells in the bone marrow (at
the time of primary tumor resection) was detected by
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immunocytochemical evaluation of epithelial cytokeratin
protein, a distinctive trait of epithelial cells, both normal
and malignant, that would not normally be present
[77]
in the hematogenous marrow . According to Jauch
[78]
et al , cytokeratin-positive cells in the bone marrow
represent a surrogate marker for general disseminative
metastasis, rather than the beginning of metastatic
growth in patients with GC. Interestingly, patients with
cytokeratin positivity in their bone marrow had a higher
[40,77]
MVD compared with cytokeratin-negative patients
.
Correspondingly, VEGF-positive tumors associated
with increased MVD show cytokeratin-positive cells in
[8]
the bone marrow . As a result, the above reported
occurrence of such micrometastases (cytokeratinpositive cells) in the bone marrow is potentially closely
[8,40]
related to angiogenesis in the primary tumor
.
These observations suggested that angiogenesis
plays an essential role in micrometastatic (subclinical)
seeding of GC cells in the bone tissue, in the develop
ment of bone marrow micrometastases into clinically
manifest bone metastases (macroscopic disease) and
in their potential to invade circulatory system for further
distant dissemination from the bone microenvironment.
Recently, we investigated infiltrating MCDPT and
neovascularization in 15 bone tissue metastases
selected from a series of 190 GC patients. We evaluated
bone biopsies samples from these patients using
immunohistochemistry and image analysis methods.
The results showed a statistically significant correlation
among MCDPT, MC-area-PT, MVD and endothelial
[42]
area .
These correlations suggested the involvement of
infiltrating MCDPT in bone metastasis angiogenesis
from primary GC, as well as in primary tumor
neovascularization. Therefore, an MCDPT-stimulated
angiogenic process could support the development of
metastases in the bone tissue. From a biological point
of view, MCs may be both recruited and activated by
[58,79]
SCF
, the ligand for c-KitR, and by other growth
factors, such as VEGF, FGF-2 and TP, secreted by
[8,27,29,80,81]
metastasized bone marrow GC cells
. Proangiogenic factors, released from activated MCs,
may act in autocrine and paracrine manners, and
[51,82]
then stimulate MCs, ECs
and GC cells, as
[51]
reported by Marech et al . Interestingly, the bone
tumor microenvironment plays a crucial role in os
teoclastogenesis by inducing the production of the
receptor activator of nuclear factor-kB (RANK) ligand
(RANKL) by marrow stromal cells and osteoblasts.
Tumor cells secrete parathyroid hormone-related
peptide (PTH-rP) and several other osteotropic factors,
including IL-6, TNF, M-CSF and prostaglandin E2
(PGE2), which upregulate the expression of RANKL
on the surface of marrow stromal cells and immature
osteoblasts. RANKL then binds RANK on the surface of
osteoclast precursors, ultimately resulting in osteoclast
formation and bone resorption. Thus, tumor-induced
osteoclastic bone resorption leads to the release of
growth factors, such as TGF-β, FGFs, PDGFs, insulin-
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like growth factors, and bone morphogenetic proteins
by the bone matrix that promote tumor growth and
further bone destruction by increasing the production of
PTH-rP, as well as the above growth factors, resulting in
[83]
further RANKL upregulation .
This reciprocal interplay between tumor cells and
the bone tumor microenvironment results in a vicious
circle that further increases tumor growth and bone
[83]
destruction . Crucially, MCDPT could foster this
“symbiotic relationship” between bone destruction and
tumor growth by releasing pivotal components of the
[84,85]
above-described vicious circle
.
The involvement of MCDPT both in metastatic
bone resorption and in angiogenesis-mediated GC cell
growth is also suggested by MCs ability to produce and
[23]
release TGF-β , which stimulates osteoclast activation
[54,86]
via the RANKL pathway
.
Furthermore, TGF-β, in the presence of M-CSF
and in the absence of RANKL, could induce in vitro
[87]
osteoclast formation directly , suggesting that
MCDPT, by releasing TGF-β, could also stimulate the
RANKL-independent metastatic bone resorption in
[81,88]
the bone tissue metastases from GC patients
.
Based on the discussed data, MCDPT may potentially
offer a novel and promising target of anti-angiogenic
therapy to decrease both angiogenesis-mediated GC
cell growth in the bone tissue and tumor-induced
[2,8,42]
osteoclastic bone resorption
.

TARGETING MCDPT: A POSSIBLE ANTIANGIOGENIC AND ANTI-RESORPTIVE
STRATEGY IN BONE METASTASIS GC
PATIENTS
The use of MCs’ tryptase inhibitors (gabexate mesylate,
[17]
nafamostat mesylate and tranilast) or c-KitR tyrosine
[10,28,55]
kinase inhibitors (imatinib and masitinib)
could
represent a potential anti-tumor strategy to inhibit
both angiogenesis and RANKL-/non-RANKL-mediated
[42]
osteoclast activation .
Unlike conventional chemotherapy, anti-angiogenic
therapy does not induce a direct cytotoxic effect,
but reduces neovascularization mainly by targeting
small foci of proliferating cells of tumor-associated
capillary endothelium or from metastatic sites.
Thus, angiogenesis inhibitors generally do not cause
suppression of the hematogenous bone marrow,
hair loss or gastrointestinal symptoms like cytotoxic
chemotherapeutics, which require pause periods to allow
regeneration of normal cells. By virtue of these features,
angiogenesis inhibitors need to be administered for a
longer period compared with conventional cytotoxic
chemotherapeutics and, consequently, anti-angiogenic
[89]
therapy is administered continuously . Therefore,
anti-angiogenic agents may be effective for longterm administration to achieve prolonged dormancy of
[40]
primary GC and GC micrometastases .
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Furthermore, the characteristics of anti-angiogenic
therapy have recently prompted the medical-scientific
community to consider using anti-angiogenic agents
in combination with traditional cytotoxic anti-cancer
drugs to potentiate the clinical effectiveness of the
latter by preventing their limitations. Moreover, MCs’
tryptase or c-KitR inhibitors could be added to avail
able conventional cytotoxic drugs that target normal
marrow and GC cells indiscriminately in the bone
tissue from bone metastasis GC patients. In particular,
these anti-angiogenic agents might temporarily
inhibit the remodeling of tumor microvasculature and,
consequently, the increase of tumor microvascular
permeability in the bone metastases from primary GC
patients. Starting from the consideration that tumorassociated vasculature represents the first barrier to
the penetration of drugs into tumors, agents such
as gabexate mesylate and nafamostat mesylate, or
imatinib and masitinib, could act as anti-angiogenic
modulators by impairing tumor vasculature functions in
the bone tumor microenvironment, possibly resulting
in the potentiation of the therapeutic response when
administered in combination with cytotoxic chemo
therapy, and potentially prolonging the survival time of
GC patients with bone metastases.
Notably, synergism between MCs’ tryptase inhibitors
and classical chemotherapy drugs in cancer treatment
is exemplified by the ability of nafamostat mesylate
to inhibit both in vitro and in vivo chemotherapy[90,91]
induced nuclear factor kappa-B (NF-kB) activation
,
which is well-known to contribute to the angiogenic
[92]
phenotype of several tumors , and chemoresistance
and suboptimal therapeutic efficacy of cancer chemothe
[93]
rapy drugs . Correspondingly, it is interesting that
nafamostat mesylate has been shown to enhance
the anti-tumor effect of paclitaxel against GC with
peritoneal dissemination by inhibiting paclitaxel-induced
[94]
NF-kB activation in mice . Thus, we speculate that
a combination chemotherapy of nafamostat mesylate
and classical cytotoxic drugs could potentially exert a
synergistic anti-tumor effect in bone metastases from
GC.
Finally, MCDPT targeting agents, such as tryptase
inhibitors or c-KitR receptor inhibitors, could represent
a novel potential anti-angiogenic approach to inhibit
tumor-induced osteoclastic bone resorption and
bone destruction in bone metastasis GC patients.
Intriguingly, the potential ability of MCDPT targeting
to inhibit the RANKL-dependent vicious circle of
cancer-induced bone destruction, supports further
investigation of tryptase inhibitors or c-KitR inhibitors
[95]
in clinical trials comparing them with denosumab
(a
well-known inhibitor of the RANKL–RANK interaction),
in terms of efficacy and safety, in the prevention of
skeletal-related events in adult patients with bone
metastases from GC. Importantly, unlike denosumab,
MCDPT-targeting agents could decrease angiogenesismediated GC cell growth in the bone tissue and
metastatic bone resorption, independently of their
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inhibitory activity on the cycle of bone destruction and
tumor growth mediated by RANKL. Therefore, it would
be interesting to investigate whether combination
therapy with these agents, which are potentially antiangiogenic and anti-resorptive, and denosumab may
exert a clinically useful, synergistic effect in decrea
sing tumor-induced osteoclastic bone resorption and
angiogenesis-mediated bone metastasis progression
in primary GC patients affected by bone metastases.
Accordingly, clinical studies comparing the efficacy and
safety profile of MCDPT targeting agents versus other
[96]
anti-resorptive drugs, such as bisphosphonates ,
in bone metastasis GC patients might be also worth
performing.

CONCLUSION
A survey of the literature data indicated that MCs
are important players in tumor angiogenesis and
[15,33,61]
development
, by releasing a panoply of angiogenic
[23]
factors (e.g., tryptase) . This is supported by human
studies that highlighted a strong correlation between
MCDPT and pathological angiogenesis in various solid
[9,14,20,21,28,34-39,49-51]
tumors
.
With special reference to GC, much evidence supports
the involvement of MCDPT in primary gastric tumor
[8,9,28,39-41]
angiogenesis, thus promoting metastases
.
With regards to the subgroup of bone metastases, pilot
published data demonstrated a significant correlation
[42]
between infiltrating MCDPT and angiogenesis .
From a therapeutic point of view, tumors injected
in mice treated with inhibitors of MCs-degranulation
[65,69]
presented decreased vascularization and metastasis
.
According to these data, targeting MCs is currently under
[56,97]
investigation, especially in GC patients
. In particular,
for the subgroup of patients with bone metastases from
GC, the biological background suggests that MCDPT
may stimulate the RANKL-dependent vicious circle of
tumor-induced bone destruction and tumor growth, and
the RANKL-independent metastatic bone resorption.
This biological background further supports targeting of
MCDPT as a therapeutic strategy in bone metastases.
Finally, ad hoc clinical trials might be performed
to compare, in terms of efficacy and safety, these
potential anti-angiogenic and anti-resorptive agents
with anti-resorptive drugs currently used clinically (i.e.,
denosumab and bisphosphonates) for the prevention
of skeletal-related events in GC patients affected by
bone metastases.
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Abstract
A substantial portion of patients with newly diagnosed
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gastric cancer has distant metastases (M1 disease).
These patients have a very poor prognosis and it
is generally accepted that they should be treated
with noncurative intent. Because it dramatically
changes prognosis and treatment plans, it is very
important to diagnose distant metastases. In this
article, the definition, pathways, incidence and sites
of distant metastases in gastric cancer are described.
Subsequently, the current performance of imaging
in detecting distant metastases in newly diagnosed
gastric cancer is outlined and future prospects are
discussed.
Key words: Gastric cancer; Ultrasonography; Distant
metastases; Metastatic disease; Imaging; Computed
tomography; Positron emission tomography; Magnetic
resonance imaging; Scintigraphy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Computed tomography is currently the
primary imaging modality for M staging. Evaluation
of ascites by endoscopic ultrasonography is useful
because it has a high probability for the presence of
peritoneal metastases. Staging laparoscopy is still
necessary in patients with locally advanced disease
with no definite evidence of peritoneal metastases at
18
imaging. The roles of F-fluoro-2-deoxy-D-glucose
positron emission tomography and magnetic resonance
imaging need to be further explored. New imaging
techniques and strategies are needed to improve M
staging.
Kwee RM, Kwee TC. Modern imaging techniques for preoperative
detection of distant metastases in gastric cancer. World J
Gastroenterol 2015; 21(37): 10502-10509 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i37/10502.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i37.10502
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INTRODUCTION
Gastric cancer is the fifth most common malignancy
[1]
in the world . In 2012, 952000 new cases were
diagnosed and 723000 people died of the disease
[1]
worldwide . The management of gastric cancer is
[2]
complex and requires a multidisciplinary approach .
Selected patients with early gastric cancer can be
[2,3]
treated with endoscopic resection . In patients with
more locally advanced disease but without distant
metastases, perioperative chemotherapy, (sub)total
gastrectomy and regional lymph node dissection is
[2-4]
the current acceptable standard of care . However,
a substantial portion of patients with newly diagnosed
gastric cancer has distant metastases (M1 disease),
which incurs a very poor prognosis, with a median
[5]
overall survival of only 6.2 mo . Although some se
lected patients with solitary liver metastases may
[6,7]
be treated by surgical resection , it is generally
accepted that patients with M1 disease are incurable
and that they should be treated with noncurative
[2,3]
intent . Because it dramatically changes prognosis
and treatment plans, it is very important to diagnose
distant metastases. In this article, the definition,
incidence and sites of distant metastases in gastric
cancer are described. Subsequently, the current
performance of imaging in detecting distant metastases
in newly diagnosed gastric cancer is outlined and future
prospects are discussed.

DEFINITION, PATHWAYS, INCIDENCE
AND SITES OF DISTANT METASTASES
th

According to both the 7 edition of the American Joint
[8]
Committee on Cancer (AJCC) Cancer Staging Manual
rd
and the 3 edition of the Japanese Classification of
Gastric Carcinoma by the Japanese Gastric Cancer
[9]
Association (JGCA) , M1 disease is defined as the
presence of positive peritoneal cytology or metastasis
to sites other than regional lymph nodes. The paraaortic lymph node region is defined as the terminal
nodes of the stomach; these nodes and beyond are
[8,9]
classified as M1 nodes .
Gastric cancer can spread to the peritoneum via the
exfoliation of free cancer cells from tumor which has
[10]
invaded the gastric serosa . Distant lymph nodes are
affected by spread through the lymphatic pathways.
Liver metastases occur by hematogenic spread, with
the portal vein being the major conduit. Metastases
to the ovaries in women, also known as Krukenberg
[11]
tumors, presumably occur by lymphatic spread . The
lungs and bones may be affected by both hematogenic
[12-14]
and lymphatic spread
.
The higher the T and N stages at the time of
diagnosis, the higher the incidence of synchronous
distant metastases. In a Korean study in 2283
consecutive patients with newly diagnosed gastric
adenocarcinoma, 16% had distant metastases and
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more than two organs were involved in 19% at the
[15]
time of gastric cancer diagnosis . In a study from
[16]
the United Kingdom by Sarela et al , 32% of 211
consecutive patients with newly diagnosed gastric
adenocarcinoma had distant metastases. In a large
Canadian study involving 2424 consecutive patients
diagnosed with gastric adenocarcinoma, even as much
as 59% had synchronous distant metastases, which
[5]
were present at more than one site in 42% . The
significant lower incidence of distant metastases in the
[15]
first-mentioned Korean study is probably because
gastric cancer is generally detected at earlier stages by
[17]
mass screening in this country .
Peritoneal seeding is most common site of
[5,15,16]
distant metastasis (61%-80%
), followed by
[5,15]
distant lymph nodes (44%-50%
) and the liver
[5,15,16]
(26%-38%
). Other, less common sites of
distant metastases are the lung (10%), bone (6%),
ovary (2%), abdominal wall (2%), brain (< 0.4%),
[5]
[16]
and prostate (< 0.4%) . In Sarela et al ’s study,
M1 disease was limited to the peritoneum in 58%,
whereas 20% had exclusively nonperitoneal distant
metastasis mainly involving the liver (82%), lung (9%)
and bone (9%).

LITERATURE SEARCH
Articles concerning the performance of imaging in
detecting distant metastases in newly diagnosed
gastric cancer were retrieved. Data for this review were
identified by a computer-aided search in the PubMed/
MEDLINE database. The title and/or abstract terms
(gastric cancer OR stomach cancer) AND [(ultrasound
OR ultrasonography OR US) OR (computed tomo
graphy OR CT) OR (bone scan OR scintigraphy OR
SPECT OR single-photon emission computerized
tomography OR MDP OR MIBI OR sestamibi OR Tc99m
OR 99mTc) OR (fluorodeoxyglucose OR 2-fluoro2-deoxy-D-glucose OR FDG OR positron emission
tomography OR positron-emission tomography OR
PET) OR (magnetic resonance OR MR imaging OR
MRI OR NMR)] AND (metastasis OR metastases OR
metastatic OR TNM) were used. Bibliographies of
relevant articles were screened for other relevant
articles. Only articles published up to February 2015
were included. The final selection was based on
relevance, as judged by the authors.

IMAGING MODALITIES TO DETECT
DISTANT METASTASES
Endoscopic ultrasonography

In endoscopic ultrasonography (EUS), the ultrasound
transducer which is integrated at the distal end of the
endoscope provides excellent high-resolution images,
although depth of penetration is relatively limited. EUS
[18]
is primarily used for T staging of gastric cancer .
[19]
Feng et al
investigated the M staging accuracy
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of EUS and in 610 patients with gastric cancer who
underwent surgical resection. Patients who had
received endoscopic mucosal resection or endoscopic
submucosal dissection and patients with widespread
metastatic disease who had not yet undergone
surgical resection were excluded. A standard probe
with variable frequencies of 5, 7.5, 15 and 20 MHz
and a miniprobe with 12 or 20 MHz frequencies was
used. The researchers did not report the criteria they
used to define M1 disease at EUS. Using histological
analysis as standard of reference, indicating that 66
patients (11%) had distant metastases, sensitivity
and specificity of EUS were 10.6% and 99.6%,
[19]
[20]
respectively . Chu et al
studied whether ascites,
as detected by EUS using a 12 MHz transducer, pre
dicted the presence of peritoneal metastases in 402
patients with histopathologically confirmed gastric
[20]
cancer . Histopathological examination after staging
laparoscopy showed that peritoneal metastases were
present in 66 patients (16%). EUS-detected ascites
had a sensitivity and specificity of 35% and 96%
[21]
for diagnosing peritoneal metastases. Lee et al
performed a similar study in 301 consecutive patients,
using a 7.5 and 12 MHz transducer. They found that
EUS-detected ascites had a sensitivity of 73% and a
[21]
specificity of 84% . The lower sensitivity of Chu et
[20]
al ’s study can be explained because they excluded
patients with systemic metastases or evidence of
[20]
ascites on physical examination or CT . In Lee et
[21]
al ’s study, sensitivity of EUS in predicting peritoneal
metastases was higher than that of transabdominal
ultrasography and older generation helical CT
combined (73% vs 18%), but specificity was lower
[21]
(84% vs 99%) .

Standard ultrasonography

Standard external ultrasonography is relatively cheap
compared to other imaging modalities. However it has
also disadvantages, among which the limited field of
view, dependency of image quality on the presence
of interfering fat, bowel gas, or bone, and operator
dependency.
[22]
Stell et al
investigated the accuracy of tran
sabdominal ultrasonography in detecting peritoneal
and hepatic metastases in 103 patients with gastric
cancer. A 3.5 MHz curved array transducer was used,
but the researchers did not report the criteria they
used to define metastases. Histological analysis
served as standard of reference, indicating that pe
ritoneal and hepatic metastases were present in
[22]
13% and 26% of patients, respectively . Sensitivity
and specificity of transabdominal ultrasonography in
detecting peritoneal metastases were 23% and 100%,
[22]
respectively . Sensitivity and specificity in detecting
[22]
liver metastases were 37% and 95%, respectively .
[23]
In a later study by Kayaalp et al , transabdominal
ultrasonography was performed in 118 patients with
gastric cancer. Presence of peritoneal metastasis was
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[23]

defined as omental thickening at ultrasonography ,
but the ultrasonographic criteria for liver metastases
were not reported. Surgical findings were used as
[23]
reference standard . Performance of transabdominal
[22]
ultrasonography did not differ much from Stell et al ’s
study, with sensitivities and specificities in detecting
peritoneal and liver metastases of 9% and 98%, and
[23]
50% and 98%, respectively .
[24]
Bhatia et al
assessed the usefulness of ultra
sonography in the detection of cervical lymph node
metastases in 233 patients with histologically proven
gastric cancer. A 12.5 MHz or 13.5 MHz linear array
transducer was used to evaluate cervical lymph nodes
with B-mode and power Doppler. Lymph nodes were
regarded as metastatic based on size, presence of
necrosis, cortical irregularity, shape, echogenicity and
peripheral vascularity. Abnormal cervical lymph nodes
were detected in 14 patients, of which 7 had true
metastatic lymph nodes as confirmed by fine needle
[24]
aspiration cytology and clinical follow-up . Tumor
[24]
stage was altered in only 2 of 233 patients (0.9%) .

Multidetector-row CT

With current CT scanners, thin-section isotropic
images can be obtained in a very short time with large
coverage. The use of intravenous nonionic contrast
material is needed to detect metastases to the
peritoneum and liver.
[19]
In the above mentioned EUS study by Feng et al ,
all 610 included patients also underwent CT, on either
a 16-slice or 64-slice scanner. A multiphasic protocol,
including unenhanced scanning and scanning in the
arterial and portal-venous phases after intravenous
administration of nonionic contrast material, was
applied. The scan area included the diaphragmatic
domes to the inferior pole of the kidney. The CT criteria
to define M1 disease were not reported. The sensitivity
of CT in detecting distant metastases was higher than
EUS (59.1% vs 10.6%, P < 0.001), whereas specificity
[19]
was not different (99.8% vs 99.6%, P = 0.999) .
[25]
Pan et al performed multiphasic CT on a 16-slice
scanner in 350 patients with gastric cancer. Scan
coverage of the unenhanced scan and the arterial
and delayed phases included the whole stomach,
whereas scan coverage of the parenchymal phase
[25]
included the entire abdomen . The authors did
not specifically report which criteria they used to
define distant metastases at CT. Thirty-five patients
(10%) had distant metastases, as proven by
[25]
surgical and pathological findings . CT achieved
an overall sensitivity and specificity of 14% and
[25]
93%, respectively . The reported sensitivities
and specificities for each location were as follows:
peritoneum 90% and 97%, liver 80% and 99%,
distant lymph nodes 91% and 97%, pelvis 100% and
[25]
99%, respectively .
[26]
Kim et al studied the accuracy of CT in detecting
peritoneal metastases in 498 patients with ≥ T2 stage
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gastric cancer using 16-slice of 64-slice scanners.
Monophasic scanning after intravenous administration
of nonionic contrast material was performed from the
[26]
diaphragm to symphysis pubis . Fifty-three patients
(10.6%) had peritoneal metastases confirmed at
[26]
surgery and pathology . A diagnosis of peritoneal
metastases at CT was based on the presence of
findings such as omental cake, ascites, peritoneal
thickening with abnormal contrast enhancement, soft
tissue plaques or nodules on the peritoneal surface,
[26]
and soft-tissue stranding in the intraabdominal fat .
The interpreters of the CT studies did not use specific
guidelines for the integration of the findings. When
equivocal and definitely positive CT findings where
considered as a positive CT reading, sensitivity and
[26]
specificity were 50.9% and 96.2% . When only
definitely positive CT findings where considered as a
positive CT reading, sensitivity and specificity were
[26]
28.3% and 98.9% .
[27]
Pongpornsup et al
studied the preoperative
64-slice CT scans of 50 gastric cancer patients for the
presence of signs suggestive of peritoneal metastases,
including ascites, increased peritoneal fat density,
peritoneal thickening/enhancement, and peritoneal
nodules. The researchers combined several CT criteria,
but did not find a combination which achieved superior
[27]
accuracy over the other .
[28]
Marrelli et al
investigated the accuracy of
64-slice CT in the detection of para-aortic lymph
node metastases, which are currently classified as
[8,9]
M1 nodes . In 13 of 92 included patients (14%),
histological examination confirmed the presence
[28]
of para-aortic lymph node metastases . Using a
short axis diameter of 8 mm or more as cut-off for
metastatic para-aortic lymph nodes, preoperative CT
achieved a sensitivity and specificity of 85% and 95%,
[28]
respectively .

Positron emission tomography

Current clinical positron emission tomography (PET)
systems are integrated with a CT scanner (PET/CT),
which is used for attenuation correction and more
18
precise localization of tracer uptake. F-fluoro-218
deoxy-D-glucose ( F-FDG), the most commonly used
PET tracer in clinical oncology, is a glucose analog
which is taken up by metabolically active tumor.
18
F-FDG PET should be interpreted with caution in
patients with mucinous and signet ring cell adeno
carcinoma, since these tumor types show lower
18
[29,30]
F-FDG uptake than tubular adenocarcinoma
. The
high content of metabolically inert mucus and/or the
lack of expression of the glucose transporter Glut-1 on
the cell membrane may be the reasons for reduced
18
[30,31]
F-FDG uptake
, which can decrease the sensitivity
18
of F-FDG PET in detecting distant metastases.
In a South Korean study in 156 patients with
18
gastric cancer, the accuracy of preoperative F-FDG
PET/CT and CT in detecting peritoneal metastases

WJG|www.wjgnet.com

was investigated. A focal maximum standardized
18
uptake value of > 2.5 was used as criterion at F-FDG
PET/CT, but the researchers did not report the criteria
they used to define peritoneal metastases at CT.
Using pathological findings as reference standard,
18
the researchers found a sensitivity of F-FDG PET/
CT in detecting peritoneal metastases of 22.2%,
which was even lower than the 44.4% sensitivity
[32]
18
of CT . Sensitivity of F-FDG PET in detecting
[32]
distant metastases to other sites was only 14.3% .
Unfortunately, the researchers did not report the
specificity values of both imaging modalities in
detecting distant metastases.
[33]
Ma et al
retrospectively investigated the per
18
formance of F-FDG PET/CT and planar bone scinti
graphy in detecting bone metastases in 170 patients
who underwent both imaging modalities within 3 mo of
each other. Imaging and follow-up were used to confirm
the presence of bone metastases. Sensitivity and
18
specificity of F-FDG PET/CT vs. bone scintigraphy were
93.5% vs 93.5%, and 25.0% vs 37.5%, respectively.
Eighty-eight percent of patients with bone metastasis
showed positive findings on two modalities, whereas
15% of solitary bone metastases were positive on
18
F-FDG PET/CT only. The authors concluded that
18
F-FDG PET/CT was superior to bone scintigraphy for
the detection of synchronous bone metastasis. It should
[33]
be noted that Ma et al
only included patients who
18
had positive findings at either F-FDG PET/CT or bone
scintigraphy, both imaging modalities also formed part
of the reference standard, and none of their patients
had histological confirmation.
[34]
Smyth et al
investigated the potential added
18
benefit of F-FDG PET/CT to standard staging, which
included CT, EUS, and laparoscopy. In their study, the
18
sensitivity of F-FDG PET/CT for the detection of M1
disease was 35% (95%CI: 19%-55%) and specificity
[34]
was 99% (95%CI: 93%-100%) . Notably, they
also showed that sensitivity was lower in all patients
compared to patients with FDG-avid primary tumors
only (35% vs 50%), whereas specificity remained
[34]
unchanged (99% vs 98%) . Sites of occult metastatic
18
disease detected at F-FDG PET/CT included bone,
liver, and distant lymph nodes. In the 113 included
patients with locally advanced gastric cancer, 31 (27%)
18
had occult distant metastases detected by F-FDG PET
(n = 11, 10%) and/or laparoscopy (n = 21, 19%),
[34]
18
with only a single overlap . Thus, if F-FDG PET/CT
would have been omitted, 10% of patients would have
undergone unnecessary surgery. Economic modelling
18
suggested that the addition of F-FDG PET/CT to
the standard staging evaluation would result in an
estimated cost saving of approximately US $13000
[34]
per patient .
18
18
F-fluoro-3’-deoxy-3’-fluorothymidine ( F-FLT), a
thymidine analog, is another PET tracer. It is retained
in proliferating cells and can thus be used to visualize
[35]
cellular proliferation. Zhou et al
investigated
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39 consecutive patients with gastric cancer who
18
underwent pretreatment with both F-FLT PET/
18
CT and F-FDG PET/CT. All patients had already
[35]
been diagnosed with multiple metastases at CT .
Sensitivities in detecting peritoneal and ovarian
metastases were not significantly different between
the two modalities: 89.5% vs 94.7%, and 90.9%
18
18
vs 90.9% for F-FLT PET/CT vs F-FDG PET/CT,
[35]
18
respectively . However, sensitivities of F-FLT PET/CT
for detecting liver metastases and bone metastases
18
were significantly lower than F-FDG PET/CT: 30%
[35]
vs 100%, and 20% vs 100%, respectively . This
significant difference was explained due to the high
18
physiological uptake of F-FLT in the liver and bone
[35]
marrow .

Bone scintigraphy

Bone scintigraphy evaluates the distribution of active
bone formation in the body, using Tc99m MDP as
tracer. Planar scintigraphy uses one single gamma
camera, whereas single photon emission CT uses more
rotating cameras to detect tracer uptake, providing
cross-sectional images.
[33]
For the results of the study by Ma et al
on bone
scintigraphy, we refer to the paragraph on PET above.
[36]
Choi et al
also performed a retrospective study on
the use of planar bone scintigraphy, in 234 patients
of whom most had stage Ⅲ or stage Ⅳ disease. They
[36]
found bone abnormalities in 45.3% of their patients .
The researchers reported that the most frequent
osseous metastatic sites, in decreasing order, were the
spine (66%), ribs (59%), pelvis (43%), femur (30%),
[36]
skull (22%), and shoulder girdle (17%) . Only
11% of patients had a single lesion, which was most
[36]
frequently found in the spine, rib, pelvis, and femur .
Unfortunately, the authors did neither clearly mention
which reference test they used to confirm or exclude
the presence of bone metastases, nor did they report
the accuracy of bone scintigraphy. To our knowledge,
there are no other formal studies on bone scintigraphy
in gastric cancer reporting accuracy values.

MRI

MRI has superior soft-tissue contrast compared to
other imaging modalities. Technical advances in fast
MRI, among which the introduction of parallel imaging,
have greatly enhanced the clinical applications of body
MRI.
There are only few studies investigating the role
of MRI in M staging of gastric cancer. In one of the
[37]
first MR studies in 15 patients , MRI was performed
at a 1.0-T scanner, using 2D axial T1-weighted and
axial and coronal T2-weighted turbo spin echo (TSE)
sequences with and without fat suppression, and a
3D coronal heavily T2-weighted TSE sequence with
[37]
fat saturation . The researchers reported a diagnos
[37]
tic accuracy of 85.7% in detecting M1 disease .
However, they neither specifically mentioned which
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body area was covered by their scanning protocol, nor
did they report the prevalence and locations of the
[37]
distant metastases they detected .
[38]
Shinya et al
investigated the usefulness of
diffusion-weighted imaging (DWI) at 1.5-T in the
staging of gastric cancer in 15 patients. Axial T1weighted images were used to aid in localizing areas of
[38]
restricted diffusion . Although not supported by any
statistical analysis, the researchers stated that DWI
could detect peritoneal seeding and liver metastasis
[38]
more clearly than CT .
[39]
A South Korean study
made a direct compari
son between dedicated MRI at 3-T and CT. In their
[39]
study , axial half-Fourier acquisition single-shot TSE
T2-weighted images with and without fat suppression,
true fast imaging with steady-state precession, T2weighted 3D gradient-recalled-echo (GRE) in- and
out-of-phase images, T1-weighted fat suppressed
3D GRE images, DW images, and dynamic images
after the intravenous administration of a gadolinium[39]
based contrast agent were obtained . Scan coverage
included the area from the hepatic dome to below the
[39]
symphysis pubis . CT was performed using 8-, 16-,
[39]
and 64-channel scanners . In the three patients with
histologically confirmed peritoneal metastases, both
MRI and CT correctly diagnosed them in one patient,
[39]
but failed to diagnose them in the other two . The
remaining 46 patients were correctly diagnosed as
[39]
having M0 disease by both MRI and CT . To our
knowledge, there are no other published studies on
the diagnostic performance of MRI in detecting distant
metastases in gastric cancer.

DISCUSSION
Recurrence after R0 resection of gastric cancer usually
[40]
occurs within 2 years and is rapidly fatal . Data
from large retrospective studies in patients who had
undergone R0 resection show that approximately
50% of recurrences occur only at distant sites,
[40,41]
without signs of locoregional recurrence
. It is
likely that in at least a part of these patients occult
distant (micro)metastases were already present at
the time of operation. This emphasizes that there is
a need for more accurate preoperative M staging. In
this article, imaging modalities in the preoperative
detection of distant metastases in gastric cancer have
been reviewed (Table 1). Overall sensitivity of EUS in
detecting distant metastases is poor, but specificity
is high. The very poor overall sensitivity of EUS can
be explained by the limited detection distance of this
[19]
modality, which is only around 5-7 cm . When EUS
is performed for T staging, it is useful to determine
whether ascites is present, because it has a high
probability for the presence of peritoneal metastases.
The sensitivity of transabdominal ultrasonography
in detecting peritoneal and hepatic metastases is
poor, whereas specificity is high. The yield of cervical
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Table 1 Summary of the current performance of modern imaging techniques in the preoperative detection of distant metastases in gastric cancer
(Dis)advantages
EUS
Standard ultrasonography
CT
PET using the tracer 18F-FDG
Bone scintigraphy
MRI

Sensitivity

Limited detection distance
Operator and patient dependent
Fast scanning, large coverage
Integrated with CT, whole-body coverage
Only for detection of bone metastases
Versatile technique
Superior soft-tissue contrast

Specificity

Overall poor
Overall high
Overall poor
Overall high
Overall poor to moderate
Overall high
Overall poor
Reported to be very high; more studies needed
Unclear
Unclear
Reported to be moderate; Reported to be very high; more studies needed
more studies needed

EUS: Endoscopic ultrasonography; CT: Computed tomography; MRI: Magnetic resonance imaging; 18F-FDG: 18F-fluoro-2-deoxy-D-glucose.

lymph node ultrasonography is very low and therefore
it is not recommended to use it in routine staging.
Reported sensitivity of CT ranges from poor to
moderate, whereas specificity is high. CT outperforms
ultrasonography in terms of overall accuracy and
reliability and it is currently the primary imaging
[2]
18
modality for M staging . Sensitivity of F-FDG PET/
CT in detecting peritoneal and distant metastases in
18
general is poor. One F-FDG PET/CT study reported
[34]
a high specificity in diagnosing M1 disease .
According to a 2014 consensus paper on the optimal
management of gastric cancer by an international
multidisciplinary expert panel, preoperative staging
18
[2]
by F-FDG PET is not routinely indicated . However,
[34]
18
the study by Smyth et al showed that F-FDG PET/
CT revealed distant metastases in 10% of patients
with locally advanced gastric cancer, which were not
detected by EUS, CT and laparoscopic staging. This
study also suggested that the use of preoperative
18
F-FDG PET/CT would lead to reduced morbidity from
[34]
fewer futile surgeries and lower patient care costs .
18
Yet another F-FDG PET/CT study showed that as
many as 882 findings considered not to be related to
gastric cancer were detected in 386 of 421 (91.7%)
patients; 129 additional outpatient visits and 10
additional hospitalizations were needed to evaluate
these incidental findings, whereas the treatment
strategy for gastric cancer was changed in only one
[42]
patient, leading to much extra costs . Although
the most common sites of distant metastases are
the peritoneum and liver, exclusive bone metastases
[16]
may occur in 9% of patients . Therefore, it seems
important to analyze patients with gastric cancer
for the presence of bone metastases. To date, the
accuracy of bone scintigraphy in the assessment
of bone involvement in gastric cancer is not clear
and at present it has no role in the initial evaluation
of patients with gastric cancer. Notably, one study
18
suggested that F-FDG PET/CT may be superior
to bone scintigraphy in the detection of bone
[33] 18
metastases . F-FLT PET is not competent enough
to evaluate liver and bone metastases. Initial studies
have demonstrated the feasibility of MRI in diagnosing
distant metastases. To date, there is no imaging
modality which is sufficiently sensitive to rule out
peritoneal metastases. Therefore, when findings of
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any imaging modality are not definitely positive for the
presence of peritoneal metastases, except for patients
with early gastric cancer, diagnostic laparoscopy
[2]
should be performed . Indeed, a systematic review
demonstrated that the use of diagnostic laparoscopy
changed the management in 8.5% up to 59.6% of
gastric cancer patients who were initially deemed
[43]
resectable by preoperative imaging . Important
disadvantages of diagnostic laparoscopy are the
costs, the need for anaesthesia and the small risk of
operative complications.
Future prospective accuracy studies and formal
cost-effective analyses are needed to determine
18
whether or not F-FDG PET/CT should become inte
grated in the standard staging algorithm for localized
18
gastric cancer. The use of F-FDG PET combined
with a diagnostic contrast-enhanced CT in one single
18
examination and/or the use of integrated F-FDG PET/
MRI may prove to be more efficient and sensitive than
currently used stand-alone imaging modalities, which
could lower the number of diagnostic laparoscopies.
Future well-designed studies should investigate which
imaging modality has the highest accuracy in detecting
bone metastases in gastric cancer and whether its
yield justifies routine clinical use. The value and clinical
applicability of MRI, among which whole-body MRI
including diffusion-weighted whole-body imaging
[44]
with background-body-signal-suppression
needs to
be further explored. Furthermore, the development
of new molecularly targeted imaging techniques for
clinical use may also help to improve the detection
of distant metastases in gastric cancer. Several gene
expression profiles related to metastatic potential of
gastric cancer have already been identified, among
[45]
which phosphoglycerate kinase 1 , peroxisome
[46]
proliferator-activated receptorδ , S100A4 and
[47]
E-cadherin ; these may be used to identify patients
at high risk for distant metastases, especially when
initial preoperative staging is negative.
In conclusion, CT is currently the primary imaging
modality for M staging. Evaluation of ascites by
EUS is useful because it has a high probability for
the presence of peritoneal metastases. Staging
laparoscopy is still necessary in patients with locally
advanced disease with no definite evidence of
18
peritoneal metastases at imaging. The roles of F-FDG
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PET and MRI need to be further explored. New imaging
techniques and strategies are needed to improve M
staging.
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significant obstacles in elucidating specific biomarkers
for early detection of the disease. Although genomewide sequencing and gene expression studies have
revealed the intricate nature of the molecular changes
that occur in tumour landscapes, the collected data
and results are complex and sometimes contradictory.
Several aberrant molecules have already been tested in
clinical trials, although their diagnostic and prognostic
utilities have not been confirmed thus far. The gold
standard for the detection of sporadic gastric cancer
is still the gastric endoscopy, which is considered
invasive. In addition, genome-wide association studies
have confirmed that genetic variations are important
contributors to increased cancer risk and could
participate in the initiation of malignant transformation.
This hypothesis could in part explain the late onset of
sporadic gastric cancers. The elaborate interplay of
polymorphic low penetrance genes and lifestyle and
environmental risk factors requires additional research
to decipher their relative impacts on tumorigenesis.
The purpose of this article is to present details of the
molecular heterogeneity of sporadic gastric cancers
at the DNA, RNA, and proteome levels and to discuss
issues relevant to the translation of basic research data
to clinically valuable tools. The focus of this work is the
identification of relevant molecular changes that could
be detected non-invasively.
Key words: Adenocarcinoma; Biological markers;
Proteomics; Molecular diagnostics; DNA methylation;
Histone modification; Genetic susceptibility

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Gastric cancer is in decline in most developed coun
tries; however, it still accounts for a notable fraction of
global mortality and morbidity related to cancer. Highthroughput methods are rapidly changing our view
and understanding of the molecular basis of gastric
carcinogenesis. Today, it is widely accepted that the
molecular complexity and heterogeneity, both interand intra-tumour, of gastric adenocarcinomas present

Core tip: This article summarizes the evidence of
heterogeneous gastric cancer molecular changes.
Despite enormous research efforts, to date, none of
the common DNA, RNA or protein aberrations have
achieved the high sensitivities, specificities, and
predictive values necessary for clinical utility. Complex
interrogation schemes based on a systems medicine
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approach should be developed to determine effective
therapeutic strategies and to identify molecular
signatures that are specific for the early detection of
gastric cancer and pre-malignant stomach lesions that
could progress to malignant disease.
Hudler P. Challenges of deciphering gastric cancer heterogeneity.
World J Gastroenterol 2015; 21(37): 10510-10527 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i37/10510.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i37.10510

INTRODUCTION
Most cancers develop through the acquisition of
genetic and epigenetic alterations followed by the
selection of neoplastic clones in a preferred tumour
[1]
microenvironment . High-throughput sequencing
studies have revealed that the most obvious con
sequences of different mutational processes are intra[2-6]
tumour and inter-tumour heterogeneities .
Sporadic gastric cancer, although in decline in
most developed countries, is a typical representative
[7-9]
heterogeneous cancer . In recent decades, several
genetic and epigenetic alterations have been associated
with the onset of a malignant phenotype. However,
technological advances in interrogating cancer genomes,
proteomes, transcriptomes, epigenomes, metabolomes,
and the inflammation processes associated with
Helicobacter pylori (H. pylori) infection have revealed a
more complex heterogeneous landscape across gastric
[10-20]
adenocarcinomas than previously imagined
. The
most discouraging consequence is that no reliable
biomarkers for early diagnosis have emerged, despite
enormous research efforts. Although improved medical
treatments, efficient protocols for H. pylori eradication,
lifestyle changes, and better and safer food preservation
methods have contributed to a gradual incidence and
[7,21]
mortality decline in recent decades
, gastric cancer
still accounts for a notable fraction of global mortality
and morbidity related to cancer, with an estimated 5-year
[22-24]
relative survival rate of approximately 25%-30%
.
Moreover, familial and hereditary gastric cancers,
which comprise less than 15% and 3% of all gastric
cancers, respectively, are relatively poorly defined
regarding the genetic events underlying their develop
ment. Among the three primary hereditary syndromes,
hereditary diffuse gastric cancer (HDGC), gastric
adenocarcinoma and proximal polyposis of the stomach
(GAPPS), and familial intestinal gastric cancer (FIGC),
only one third of HDGC is attributed to hereditary
[22,25,26]
[27]
CDH1 mutations
. Recently, Majewski et al
identified several novel mutations in CTNNA1 by
employing an exome sequencing approach to examine
clinical samples from six family members who had
invasive diffuse gastric cancer or intramucosal signet
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ring cell foci detected during a surveillance endoscopy
but who had no CDH1 mutations. Unfortunately, the
evidence that germline CTNNA1 mutations contribute
to HDGC is not definitive. CTNNA1 mutations and
mutations in other catenin genes were not confirmed
in families from Canada, the United Kingdom, or
[27,28]
the United States
. Nonetheless, the first family
originated from the Netherlands and therefore it
should not be excluded that low-penetrant mutations
could originate in certain geographical locations and/or
populations. The molecular pathogenesis of GAPPS
[22,29]
and FIGC is currently unknown
. Other hereditary
syndromes, such as Lynch syndrome, familial ade
nomatous polyposis (FAP), Li-Fraumeni, Muir-Torre,
and Peutz-Jeghers syndrome can also manifest in
gastric malignancies. These syndromes are reasonably
well characterized genetically, and established genetic
testing has already been integrated into clinical
laboratories across the developed world. For example,
the recommended procedure for managing patients
with suspected Lynch syndrome is genetic testing to
identify the mutation, followed by genetic counselling
and performing genetic testing of family members
to determine asymptomatic carriers of the mutation,
who have higher risk for developing cancer. At-risk
family members are usually offered regular monitoring
via colonoscopies, urinalysis to assess lesions in the
urinary tract, gastrointestinal endoscopies to detect
early gastric lesions, and transvaginal ultrasounds,
pelvic examinations and endometrial sampling in
women over age 30 to screen for endometrial and/or
[30]
ovarian cancer .
Due to its dismal prognoses, the frequent meta
static complications, the aggressive nature of advanced
gastric adenocarcinomas, the lower quality of life after
surgery, and the high mortality of HDGC, sensitive
and specific biomarkers would greatly improve disease
stratification, diagnosis, and prognosis and aid in
establishing precise medical treatment protocols
tailored to individual patients.
This review addresses the heterogeneity of sporadic
gastric cancer and briefly discusses the available
knowledge on the mechanisms that drive the oncogenic
shift in normal cells, with the aim of exposing the
relevant issues regarding the translation of complex
basic research to applicable clinical utilities. The
primary focus of this study is the detection of gastric
cancer-specific molecular changes in easily accessible
diagnostic specimens, such as peripheral blood.

ACQUISITION OF MOLECULAR
ALTERATIONS AND THEIR INTERPLAY
CONTRIBUTE TO GASTRIC CANCER
HETEROGENEITY
In recent decades, it has become evident that most
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gastric tumours are heterogeneous and variable from
every possible molecular angle. Due to different genetic
backgrounds, environmental factors and intrinsic
factors, one of the first observations upon researching
mutational patterns in larger cohorts of patients is
that prominent inter-patient tumour variability can
always be expected. With the advancement of highthroughput methodology and single-cell sequencing,
intratumour heterogeneity became the focus of
modern research due to its serious consequences
regarding the development of metastases and/or
dormant malignant cells, which lie senescent in wait of
a future signalling trigger. Furthermore, intratumour
variability brings additional complications, such as (1)
treatment resistance; (2) non-uniform therapeutic
effects; and (3) changes in the clonal structure of
the remaining tumour cells and cells in the tumour
[5,23,31-33]
microenvironment
. The latter tumour cha
racteristic is further influenced not only by intrinsic
tumour factors and the tumour microenvironment but
also through the selection pressure of drugs, which
[2,33]
may trigger increased aggressive tumour growth
.
Such outgrowth of novel drug-resistant clones leads to
the development of metastases and the establishment
of distant secondary tumours.

IMPACT OF RISK FACTORS ON GASTRIC
CANCER HETEROGENEITY

Smoking

Numerous factors increase the risk of developing
gastric adenocarcinomas. For example, gastric cancer
has a strong correlation with age, suggesting that
sequential mutations drive carcinogenesis. As progress
in next-generation sequencing has revealed hundreds
or thousands of different aberrant genetic and
epigenetic variations in cancer genomes, deciphering
the overall picture of the initiating mechanisms that
lead to gastric carcinogenesis is becoming more
and more challenging. This fact is most evident
when considering the difficulties associated with the
identification of driver mutations, which are mutations
[34-36]
conferring selective growth advantages to cells
. In
addition, issues of how to determine which mutations
should be classified as accompanying passenger
mutations - mutations that occur coincidentally during
uncontrolled cell divisions - and their contributions to
the neoplastic process continue to baffle researchers
[36]
and bioinformaticians .
Environmental and lifestyle factors additionally
contribute to and affect the set of genetic alterations
in cells that are likely to become malignant. The
effect of lifestyle on cancer risk is currently one the
most discussed topics in oncology research and
clinical practice. Due to its physiological function,
stomach tissue is constantly in contact with different
compounds, including both intrinsic and external
factors, such as hydrochloric acids, salt, various
components of food, cigarette smoke, etc., which
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could potentially disrupt the integrity of its inner lining.
Despite its efficient mucinous protection and various
adaptation mechanisms, this tissue is frequently
damaged. This combined with possible passive or
even assisted transport across membranes could
result in the passage of potentially harmful substances
into cells, thus affecting chromatin, proteins and/or
other molecules. Some of these aberrations are likely
repaired via DNA repair mechanisms and protein
degradation. In the case of more extensive damage,
cells will initiate programmed cell-death pathways.
However, over time or coupled with a susceptible
genetic background, it is plausible that some changes,
whether genetic or epigenetic, confer a growth
advantage to some cells. Further divisions introduce
new changes and eventually cells or clones acquire
capabilities attributable to a malignant phenotype,
such as self-sufficiency in proliferative signalling,
insensitivity to growth suppressors, resistance to
programmed cell death or apoptotic processes,
limitless replicative potential, angiogenesis induction
capability, and activation of multistep pathways
[37]
associated with invasion and metastasis . The
environmental, lifestyle, and dietary factors that are
most often associated with gastric cancer risk are
briefly presented below.

Tobacco use was significantly associated with an
increased risk of gastric cancer in various popula
[38-44]
[43]
tions
. Peleteiro et al
analysed the association
of smoking with gastric cancer using data from 118
countries. Interestingly, they concluded that smoking
accounted for a large number of gastric cancer cases
[38]
among men. Similarly, Nishino et al conducted a
sizable study of epidemiological evidence regarding
the effect of smoking on the development of gastric
cancer in the Japanese population. Their results
[43]
reflected the findings of Peleteiro et al
in that
most studies consistently presented a higher risk for
gastric cancer development among male smokers,
whereas the results for female smokers were less
consistent and primarily showed that the effect of
smoking was weaker in women than in men. Smyth
[44]
et al
evaluated smoking history and survival of
gastric cancer patients and found that tobacco use was
significantly associated with worse outcomes regarding
overall survival, disease-specific survival, and 5-year
disease-free survival. Furthermore, smoking was
associated with male gender, white non-Hispanic
ethnicity, and proximal/gastroesophageal junction
[42]
tumours. Yeh et al estimated the impact of smoking
and H. pylori infection on intestinal, non-cardiac types
of gastric cancer trends in the past and future in United
States men using a population-based microsimulation
model. They concluded that both reduced smoking,
due to lower smoking initiation and higher cessation
rates observed after the 1960s, and better treatment
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of H. pylori infection contributed to the relative decline
in cancer incidence. Based on a projection analysis,
their model showed an additional 47% reduction in
gastric cancer incidence between 2008 and 2040 that
was attributable to the two observed risk factors. In
conclusion, several studies have shown that smoking
moderately increases gastric cancer risk in various
populations across the world. Interestingly, the effect
is more pronounced in men than in women; however,
the exact cause of this peculiarity is unknown.

H. pylori

The colonization of stomach tissue with H. pylori has
been long recognized as an important risk factor
for the development of gastric adenocarcinoma,
duodenal cancer, and gastric mucosa-associated
lymphoid tissue lymphoma, such that H. pylori was
classified as a type Ⅰ carcinogen by the International
[11,23,45]
Agency for Research in Cancer (IARC) in 1994
.
H. pylori infection contributes to gastric cancer risk
through inflammation and modification of gene
[11,46-48]
expression in susceptible hosts
. Differences
in host immune responses to infection and complex
interactions among genetic, environmental, and
bacterial factors explain the different outcomes
following infection and possibly set the molecular
foundations that underlie subsequent heterogeneity of
[11]
tumour subpopulations . Additionally, several studies
have confirmed that different ethnical backgrounds
significantly alter the course of inflammation and
[49-59]
the risk of disease development
. As a result,
the interactions between the host and the bacteria
that mediate the infection process are complex and
contribute to the heterogeneity of induced malignant
changes in gastric cells. No informative blood-based or
urine-based biomarkers have been identified that could
be used to identify patients who are at a greater risk
of progression of pre-malignant changes induced by
H. pylori colonization after eradication of an infection.
Currently, the only option for monitoring patients is
invasive gastroscopy.

Dietary factors

The influence of dietary factors has been extensively
studied, and varying results have been reported. Salt,
preserved food, barbecued meats, alcohol, and low
fruit intake have been linked to an increased risk of
[60-65]
developing gastric cancer
. Furthermore, a higher
incidence of gastric cancer has been attributed to
specific dietary habits of various populations, and
some have been associated with single-nucleotide
polymorphisms (SNPs) and other genetic aberra
tions of certain genes. The intake of salted tea in
Kashmir valley was associated with MGMT promoter
hypermethylation and a loss of MGMT protein expres
[66]
sion . The authors attributed the effect of salted tea
to its high content of N-methylnitrosourea, which could
play a role in epigenetic silencing. The MTHFR 677TT
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genotype was associated with higher gastric cancer
[67-69]
risk among individuals with low folate intake
.
Aberrations of other genes, such as hOGG1, XRCC1,
and XPD, which are implicated in DNA repair, modified
the risk for the development of gastric cancer in
[62,70]
association with low fruit or vegetable intake
.
[71]
Zhang et al
performed a large, population-based,
case-control study in Chinese patients to determine
the associations of hsa-miR-605 and hsa-miR-149
polymorphisms with colorectal and gastric cancer
susceptibility, including the effects of the observed
polymorphisms with regard to lifestyle-related
factors, including cigarette smoking, alcohol drinking,
and dietary history. Tobacco use, as expected,
was associated with an increased risk for gastric
cancer. Allium, fat, or bacon showed no significant
associations with gastric cancer, whereas alcohol
drinking increased the risk of developing both gastric
and colorectal cancers. Tea consumption exhibited
a protective effect against gastric cancer risk, and
this effect was enhanced in tea drinkers carrying
miR-149 CT/CC genotypes. Among smokers, miR-605
AG/GG carriers were associated with an increased
susceptibility to gastric cancer. Several other studies
revealed various associations among dietary factors,
gene alterations and the risk of developing stomach
[48,69,72]
[62]
adenocarcinomas
. Kim et al
systematically
reviewed gene-diet interactions related to gastric
cancer, and interested readers are referred to their
work for more information on this complex subject.
The influence of dietary factors on gastric cancer
initiation and progression is difficult to assess and
measure, as there are many factors, both internal
and external, that are intertwined with the molecular
pathways that are implicated in normal gastric
homeostasis. Subsequently, in genetically susceptible
individuals, potentially aberrant but still reversible
pre-malignant pathways develop into true aberrant
pathways, leading finally to irreversible malignant
phenotypes. The heterogeneity of gastric cancer
likely stems from the fact that in most cases external
factors act randomly, thus inducing different molecular
alterations in individuals. Further mutational events
depend on genetic susceptibility and permissive
genetic background, widening the gap in mutation
spectra between tumours from individual patients
(i.e., intertumour variability) and within tumours
originating from the same patient (i.e., intratumour
[2,31]
variability)
.

Contrasting patterns of DNA
heterogeneity in gastric cancers
One of the most prominent global features of sporadic
gastric cancers is genomic instability, which can be
distinguished via two common footprints found in
cancer genomes. The first, microsatellite instability,
has been fairly well elucidated and attributes to defects
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in mismatch repair (MMR) genes. However, unlike
in colorectal cancers, which are part of hereditary
Lynch syndrome, mutations in MMR genes in gastric
[8,24,73]
cancers are fairly rare
. It appears that the
primary mechanism abrogating mismatch repair in
sporadic gastric cancers is the epigenetic silencing of
[24,74-76]
MLH1
.
Another type of instability, chromosomal ins
tability (CIN), is typically observed in over 80%
[23,77-80]
of tumours
. It can be grossly divided into
numerical CIN (gains or losses of whole chromosomes,
resulting in aneuploidy) and structural CIN (inversions,
translocations, and gains or losses of parts of ch
romosomes). The main feature of both CIN types is
their generation of intratumour heterogeneity, and
CIN is generally associated with poor prognosis and
[81]
drug resistance . Understanding its mechanism
could offer valuable insights into malignant initiation
[2]
and progression . Different instability mechanisms,
which lead to elevated mutation rates, gene copies or
even chromosome number changes, can operate over
[2,77,82]
the course of tumour development
. In addition,
it has been observed that CIN may be influenced
by exposure to the cytotoxic drugs that are used for
[5]
chemotherapy . Therefore, genomic instability may
[5,77,82]
also be an attractive therapeutic target
. The
primary currently recognized molecular pathways
implicated in generating CIN include alterations in
DNA repair mechanisms, telomere maintenance,
[77,81]
DNA replication, and chromosome segregation
.
Using different approaches, a number of studies have
observed a remarkable number of DNA copy number
changes, regions with losses of heterozygosity (LOH),
and amplifications and have identified novel putative
[12,19,83-88]
tumour suppressor genes and oncogenes
.
Some of the most frequent gross genome ampli
fications from which potential clinically valuable
biomarkers could be discerned are located in 1q, 3q,
5p, 6p, 7p, 8q, 13q, 14q, 17q, 19q, 20q, 20q, 20p,
and Xp regions. Several candidate oncogenes have
been located in these regions, such as ERBB2, Cyclin
E, AKT2, MYC, TERT, and KRAS. Frequent deletions
have been detected in 19p, 18q, 5q, 21q, 4p, 4q, 15q
[89]
and 17p chromosomal regions . Various studies
have also identified that certain gains are correlated
with histopathological features of gastric cancers and
can determine significant genome signatures. These
findings are important in the context of defining
putative diagnostic panels of differentially expressed
genes, although further validation studies are required
[12]
to determine their clinical utility . To date, no gastric
cancer-specific signatures have emerged; furthermore,
most studies have observed DNA alterations in
diseased vs non-tumour tissues. Although clinicians
can obtain gastric tissue via gastroscopies, this method
is still considered invasive. Despite this drawback,
the determination of global CIN alterations in tissues
obtained through routine gastroscopies presents a
valuable tool for determining neoplastic changes in
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pre-malignant tissues. However, careful considera
tions regarding the design of validation studies and
bioinformatic interpretations of heterogeneous CIN
signatures are necessary before these methods can be
[90]
informative for use in clinical settings .

DIFFERENTIALLY EXPRESSED GENES IN
GASTRIC CANCER
Although studies of differentially expressed genes
have revealed the heterogeneous nature of gastric
cancer even before microarray-based approaches
were available, the introduction of high-throughput
gene expression interrogation methods in the mid1990s opened new possibilities for discovery-driven
research. Initially, a lot of research was based on
finding specifically altered genes in gastric cancer
tissues to elucidate molecular pathways that drive
carcinogenesis. However, a parallel development of
methods used to decode alterations at the DNA level,
including mutations, methylation, genetic variations,
chromosomal changes, etc., are beginning to reveal
the complex interplay of all of these changes. A large
[91]
study performed by Jiang et al
revealed 492 downregulated genes and 485 overexpressed genes in
gastric cancer tissue. Using functional analyses, they
determined significant pathways that are associated
with abnormally expressing genes and biological
processes, such as cell cycle, metabolism, translational
processes, and extracellular matrix maintenance.
Interestingly, in our laboratory, we described similar
[14]
[92]
findings using a different approach . Bauer et al
employed an interesting approach using low-density
arrays to determine the prognostic significance of
cancer stem cell-based gene expression signatures
in the residual tumour cells of neoadjuvant-treated
gastric cancer patients. Their retrospective approach
on formalin-fixed, paraffin-embedded specimens
showed that a signature of combined high GSK3B and
CTNNB1 and low NOTCH2 expression was strongly
correlated with better patient survival. Determining
such signatures in post-operative tissues could
establish novel therapeutic guidelines for personalized
medical treatments. Another large gene expression
profiling of 222 human tissues generated networks
of differentially expressed genes, from which seven
focus genes were selected for further study: MMP7,
[93]
SPARC, SOD2, INHBA, IGFBP7, NEK6, and LUM .
Furthermore, the expression levels of MMP7, IGFBP7,
and NEK6 were correlated with a pathological state,
indicating their possible involvement in disease
progression.
Perhaps the most important findings in recent years
stem from integrated approaches involving determining
DNA alterations combined with gene expression
studies in individual tissue samples. For example, Fan
[12]
et al
attempted to identify specific signatures using
integrated analyses of DNA copy number alterations and
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transcriptional expression profiles. Using a systematic
computational approach, they were able to associate
DNA copy number variations with gene expression.
They observed correlations among molecular features
in chromosomal regions 6p21.3-p21.1, 7q21-q22,
8q21-q24, 8q24.3, 12q14-q15, 20q11-q13 and
20q13.3, indicating that DNA copy gains drive the
overexpression of genes in these regions. Additionally,
they constructed a list of candidate over-expressed
and under-expressed genes, such as NOTCH1, BMI1,
EFNA1, NCOA2, BYSL, RAD21, and IQGAP2, which
were already previously associated with gastric cancer.
[94]
Park et al
demonstrated that significantly altered
copy number variations could be detected in peripheral
blood mononuclear cells. They further compared these
findings with mRNA expression in gastric cancer tissues.
Interestingly, they observed that only a fraction of
genes exhibited strong correlations between expression
levels and copy numbers. For approximately two-thirds
of the genes, copy number variation had no effect on
expression. The identified altered genes and other
genes in the vicinity of higher copy number regions
could represent novel biomarkers. However, as the
authors emphasized, thorough functional analyses are
needed to confirm their driver and/or supportive roles in
gastric carcinogenesis. A number of other studies have
identified and catalogued genomic alterations in gastric
[83,84,95]
cancers using various integrative approaches
. In
these studies and others, a number of findings have
overlapped, and some were inconsistent. It has not yet
been established whether this is due to heterogeneity
in the molecular changes associated with gastric cancer
or to how they affect the endpoints of the pathways
that harbour these alterations. A remarkable effort
in this area of discovery-driven research is being
undertaken by the joint effort of the Cancer Genome
[10]
Atlas Research Network . Using six high-throughput
platforms to interrogate variations in copy number,
methylation, gene and microRNA (miRNA) expression,
protein expression, and gene mutations, they analysed
an impressive number of gastric cancer tissues. The
analyses of their findings and histopathological features
of patients revealed a possible molecular classification
of gastric carcinomas, which could be helpful for the
development of novel therapeutic strategies. The
stratification of patients into groups with shared
biological characteristics could aid in selecting patients
who would benefit from targeted precision treatments.

Diversity of genetic variations
affecting individual susceptibility
to gastric cancer
The establishment of collaborations, such as the
1000 Genomes Project, The Cancer Genome Atlas
(TCGA), HapMap, and the International Cancer
Genome Consortium, have enabled analyses of the
human genetic variations, including single nucleotide
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polymorphisms (SNPs), somatic mutations, copy
number variations and structural rearrangements,
that are found in cancers with single-nucleotide
[82]
resolution . Genetic variations have been the subject
of research because of their important contribution
to cancer risk for many decades. It appears that
polymorphic, low penetrance genes along with
lifestyle and environmental risk factors could be
significantly involved in the development of several
[7,23,96]
sporadic cancers
. Small-scale and genomewide association studies (GWAS) that have been
conducted for several cancers have elucidated the
roles of many common risk alleles in affecting disease
[96]
susceptibility .
A wealth of research that has been performed on
the genetic susceptibility of gastric cancer development
offers valuable information on the importance of
genetic variations among different ethnic groups.
Alleles can impact cancer risk in several different
manners; for example, some alleles are not variable
in certain populations; some genotype distributions
are different among different populations, resulting
in distinct frequencies of risk estimation; some alleles
can interact with other genetic variations and/or
environmental factors that vary among populations;
and, finally, some alleles can confer risk in some
[96]
populations, but not in others .
Although most of the association studies were
performed in small populations, they contribute to
the greater body of knowledge, as joint analyses
of several small research findings, as well as metaanalyses, greatly increase statistical power and
[97]
result in more conclusive outcomes . Mocellin et
[98]
al
investigated the association between sporadic
gastric cancer susceptibility and 156 variants from
101 genes. They identified many eligible studies and
collected over 2 million subjects. They confirmed
seven candidate susceptibility biomarkers for gastric
cancer. Among them were MUC1 rs2070803 and
MTX1 rs2075570, in which the A or G alleles were
associated with a reduced risk of developing diffuse
carcinoma in an Asian population. Additionally,
they identified significant associations with gastric
cancer risk and histopathological features of patients
for PKLR rs3762272, PRKAA1 rs13361707, PLCE1
rs2274223, PSCA rs2976392, GSTP1 rs1695, CASP8
rs3834129, and TNF rs1799724. Another metaanalysis that assessed the association between miR146a rs2910164 and gastric cancer risk revealed
[99]
the importance of ethnic background . Overall, the
genotype distribution of this SNP did not significantly
affect risk; however, when the studied populations
were stratified, the GG genotype was associated
with an elevated risk of developing the disease in
a Chinese population in a recessive model. Liu et
[100]
al
showed that similar differences exist for the
MUC1 rs4072037 polymorphism, where the G allele
was significantly associated with a reduced risk for
gastric cancer development in Asian populations
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but not in Caucasian populations. In a similar study
[101]
performed by Zheng et al
, this effect was not
observed; however, they noted that their European
study population was relatively small compared to the
[102]
Asian study population. Persson et al
evaluated the
association between gastric cancer susceptibility and
inflammation-related gene polymorphisms in relation
to histologic subtype, anatomic site, H. pylori infection
status, and geographic location. They showed that
IL1RN*2, a VNTR polymorphism, and the A allele of
IL10 rs1800872 (IL10-592) increased risk in both
Asian and non-Asian populations. Interestingly, after
population stratification, IL10-1082G carriers from
Asian populations had an increased risk for gastric
cancer development, whereas those from non-Asian
populations had a decreased risk. They compared the
genotypes of the investigated polymorphisms with
histopathological features, and the most significant
associations were found for the IL1RN*2 carriers.
Specific SNPs have been shown to influence the
outcomes of chemotherapeutic strategies commonly
used for post-operative treatment of gastric cancers.
[103]
For example, Zhang et al
determined that carriers
of the AA genotype of DPYD rs1801159 belonged to
group of patients who were unresponsive following
treatment with 5-FU. The VEGF rs2010963 GG
genotype was related to higher serum levels of VEGF
and poor clinical outcomes in patients treated with
[104]
FOLFOX (oxaliplatin, 5-fluorouracil, and leucovorin) .
Similarly, it was suggested that GSTP1 rs1695
(Ile105Val), XRCC1 rs25487 (Arg399Gln), and TP53
rs1042522 (Arg72Pro) could modify the response to
[68,105,106]
chemotherapy
.
Another important view regarding common va
riations in human genomes has emerged in the last
few years. It was hypothesized that certain genetic
[107,108]
variations could be the slow driving force of CIN
.
The mechanisms driving CIN have not yet been
[77,109]
elucidated
. Despite extensive research, it was
established that mutations in genes implicated in these
pathways are rare, primarily due to their importance
in cell homeostasis. However, growing evidence
supports the hypothesis that analyses of genetic
variations may provide valuable information regarding
patient susceptibility for cancer development, as
recent discoveries have shown that SNPs, which are
usually not strictly associated with the pathogenic
mechanisms of carcinogenesis, may influence cancer
development through distinct mechanisms. In
addition, SNPs in different DNA repair genes and other
genes could modify individual responses to therapeutic
protocols, rendering them ineffective due to the
unresponsiveness of tumour cells or their diminished
[5,32]
sensitivity to cytotoxic drugs
. The hunt for these
polymorphisms is extensive. However, in addition
to limitations imposed by the sizes of examined
populations, other limitations are associated with
interpretation of the complex cross-talk that occurs
among genetic variations and other molecular events in
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cells and the functional determination of subtle effects,
which are likely the main characteristics involved in
carcinogenesis. Nonetheless, every research effort
to provide additional information is important, and
several studies have identified associations of SNPs in
cell cycle genes, segregation genes, DNA repair genes,
and other genes implicated in maintaining genome
integrity with gastric cancer risk and histopathological
[110,111]
features
. These findings could aid in patient
stratification, namely in determining groups that
should receive harsher or milder chemotherapy
regimens depending on a patient’s genetic make-up
and level of CIN.
The attractiveness of SNPs is that they can be
assessed using relatively simple, robust, and costeffective PCR-based methods for risk assessment
and/or screening purposes. However, there are many
barriers that must be overcome before SNP profiles
reach clinical utility. One of the primary obstacles is
the interpretation of their biological effects. Functional
analyses of polymorphisms to elucidate their effects
on the biological behaviours of genes and/or protein
products are scarce, primarily due to the difficulties
associated with their subtle influence on genomic
pathways and the existence of complex interactions,
which are possible in the context of all genetic
variations present in the human genome.

Epigenetic heterogeneity
Gastric cancers exhibit dramatic differences in
epigenetic landscape, reflected in contrasting DNA
hypomethylation patterns across studies as well as
distinct focal hypermethylation profiles. Similarly,
posttranslational modifications (PTMs) of histone
proteins and non-coding RNA (nc-RNA) profiles display
the diverse and complex nature of changes that drive
[112-115]
the malignant transformation of gastric cells
.
Although the exact mechanisms that initiate changes
in epigenetic modifications are not known, it has been
established that H. pylori infection, smoking, and
dietary factors (folate, vitamin, and mineral deficiency;
alcohol intake) can influence the epigenetic landscapes
[69,112,116-119]
of gastric cells
.

miRNA

miRNA are between 19-24 nucleotides long and
belong to the family of small non-coding RNAs. Their
primary role is the regulation of gene expression via
binding to mRNAs either transcriptionally or post[114,120]
transcriptionally
. Several studies have reported
that diverse methylation patterns of miRNAs exist in
[121-129]
tissues and blood
. The most promising aspect
of miRNA detection is that cell-free circulating miRNAs
can be detected in peripheral blood, as they are stable
[130-133]
in blood and resistant to RNases
. Importantly,
large meta-studies have revealed promising miRNA
epimarkers that could be detected in easily accessible
diagnostic specimens (Table 1), although many obsta
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Table 1 Selection of commonly altered microRNAs in the peripheral blood of gastric cancer patients
miRNA

Alteration

Sensitivity (%) Specificity (%)

miR1-8a
Up-regulated
miR-21
Up-regulated
miR-187
Up-regulated
miR-199a-3p
Up-regulated
miR-200c
Up-regulated
miR-371-5p
Up-regulated
miR-378
Up-regulated
miR-451
Up-regulated
miR-486
Up-regulated
miR-223 and miR-21, miR-218
miR-223 and miR-21 were up-regulated, miR-218 was down-regulated
miR-1, miR-20a, miR-27a, miR-34
Up-regulated
and miR-423-5p
miR-221, miR-744, and miR-376c
Up-regulated
miR-375, miR-142-5p
Up-regulated
miR-19b-3p, miR-16-5p
Up-regulated

80.5
-1
82.5
80.0
65.4
75.0
87.5
96.0
86.0
84.3
80.0
82.4
> 85.0
49.0
81.3

84.6
-1
60.98
74.0
100.0
63.4
70.7
100.0
97.0
92.9
81.0
58.8
> 85.0
91.0
58.6

Ref.
[125]
[134,202-205]
[133]
[206,207]
[122]
[133]
[133]
[208]
[208]
[203]
[209]
[210]
[211]
[212]

1

Different studies reported different sensitivity and specificity values.

[134,135]

[129]

cles remain
. For example, Zhang et al
showed
that both circulating tumour cells and miRNAs in the
peripheral blood are associated with reduced survival
and recurrence of disease. Although this result could
be expected, the value of their study is that these
results were significant and informative for different
populations, irrespective of the methodology used, the
sample type, and the sample size. Furthermore, many
miRNAs were found to be associated with different
cancers; however, some of the findings have been
[134,136]
controversial
. In addition, it was determined that
miRNA alterations could reflect different pathological
conditions. Indeed, miRNA-21 (miR-21) was found to
be up-regulated in lung, hepatocellular, pancreatic,
colorectal, ovarian, and breast cancers and in car
[123,137-147]
diovascular diseases and osteoporosis
. The
finding that miRNAs were deregulated in common
diseases distinct from cancer is an obvious drawback
regarding their clinical utility.

DNA methylation patterns

Focal CpG island and CpG shores hypermethylation
are an important carcinogenic mechanism, driving
inactivation of tumour-suppressor genes, DNA repair
genes, and genes implicated in the homeostasis of
[148-153]
epithelial tissues
. However, global hypomethylation
affecting different regions of the genome also plays an
important role in the destabilization of the regulation of
repetitive sequences and the activation of the expression
[120,154-156]
of generally dormant genes and ncRNAs
. It is
believed that the hallmark of global hypomethylation is
[120]
chromosomal instability, resulting in aneuploidy .
Entering the terms “DNA hypermethylation” and
“gastric cancer” into the PubMed database yields more
[157]
than 500 publications
. However, despite large
population studies, none of the hypermethylated genes
have exhibited sufficient specificity and sensitivity
for applications in clinical settings. The majority of
differentially hypermethylated genes were found in
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gastric cancer tissues. Interestingly, some studies
demonstrated that the hypermethylation of BCL6B,
CDH1, DAPK1, p15, p16, and RARb could be detected
[158-165]
in peripheral blood
(Table 2). The authors of
these studies stated that their primary application
could be in detecting the recurrence of the disease.
Several other studies have indicated aberrantly
methylated genes in the serum or plasma of patients
with gastric cancer and estimated their sensitivities and
[161,166-176]
specificities
. Although many of these studies
demonstrated high sensitivities and specificities of the
investigated markers or combinations of markers, none
of them reached the stage of clinical trials. The primary
reason for this shortcoming is their limited testing
in larger populations, including cohorts of different
ethnicities. In addition, the molecular heterogeneity
of gastric adenocarcinomas and the overlapping
methylation signatures across different cancers, which
lower the specificity of epimarkers, further hinder the
identification of commonly methylated genes that could
be specific for the detection of gastric cancer.

Histone modifications

Post-translational modifications (PTMs) of histone
proteins, including methylation, acetylation, ubi
quitination, sumoylation, ADP-ribosylation, proline
isomerization, etc., are thought to work in concert
with cis (regulatory DNA sequences) and trans (factors
binding to cis elements) acting elements or factors to
[153,177,178]
drive appropriate gene expression
. Histone
modifications in gastric adenocarcinoma tissues
show strikingly similar differences compared to other
[18,179]
molecular changes described in gastric cancer
.
Methylation and acetylation of histone lysine and
arginine amino acid residues have been associated
[178,180]
with carcinogenic mechanisms
. The apoptotic
release of nucleosomes into the bloodstream has
shown a novel potential for the development of
clinically applicable prognostic or therapy monitoring
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Table 2 Selection of genes commonly detected in the peripheral blood of gastric cancer patients who displayed altered methylation
patters
Gene

Function

APC
BCL6B
CDH1

1,2

TIMP3

Acts as an antagonist of the Wnt signalling pathway
Acts as a sequence-specific transcriptional repressor in association with BCL6
Cadherins are calcium-dependent cell adhesion proteins. They preferentially interact
with themselves in a homophilic manner in connecting cells
Death-associated protein kinase 1 is a positive mediator of gamma-interferon induced
programmed cell death
Mediates the voltage-dependent potassium ion permeability of excitable membranes
Plays an important role in detoxification by catalysing the conjugation of many
hydrophobic and electrophilic compounds with reduced glutathione
Involved in DNA mismatch repair
Functions as a cell growth regulator that inhibits cell cycle G1 progression
Plays an important role in cell cycle regulation by decelerating cell progression from G1
phase to S phase
Retinoic acid receptors bind as heterodimers to their target response elements in
response to their ligands, all-trans or 9-cis retinoic acid, and regulate gene expression
in various biological processes, such as embryonic morphogenesis, cell growth and
differentiation
Required for death receptor-dependent apoptosis
It functions as a tumour suppressor, and the gene is frequently deleted or
transcriptionally silenced in cancer
Involved in the regulation of embryonic development and in the determination of cell
fate
Inhibitor of matrix metalloproteinases

TFPI2

May play a role in the regulation of plasmin-mediated matrix remodelling

DAPK1
GSTP1
KCNA4
MLH1
p15 (CDKN2B)
p16 (CDKN2A)
RARB

RASSF1A
RUNX3
SOX17

Specimen

Ref.

Serum
Plasma
Serum

[171]
[162]
[158]

Serum

[161]

Serum
Serum

[161]
[175]

Serum
Serum
Serum

[171]
[158,161]
[159,160,164,165]

Serum

[158]

Serum
Serum

[174]
[173,176]

Serum

[213]

Tissues, peritoneal
washes, serum
Serum

[163,171]
[170]

1

www.genecards.org; 2Methylation-specific PCR.

tools, for example, in multiple myeloma, colorectal and
[181-186]
breast cancers
. Modification patterns of H3K9,
H4K16, H4K20, and H3K27 have been evaluated in
large populations of patients with gastric cancer and
have displayed differences between tumour and nontumour tissues and correlated with prognosis, tumour
[18,179,187]
histology and cancer recurrence
. However,
no studies were identified regarding the detection of
histone modifications in circulating nucleosomes in
gastric cancer patients, and novel data and information
on its utility are still needed in this area of research.

Protein heterogeneity
In recent decades, the dynamic proteome of cancers
has been the focus of extensive research because
proteins are the end-points of biological processes,
[188,189]
including pathogenic processes
. As tumours
rapidly grow, it is expected that their levels of protein
shedding increase and that therefore they could enter
[190,191]
the bloodstream where they can be detected
.
Unfortunately, despite accumulating data from many
studies and advancements in proteomic technolo
gies, including the development of high-throughput
proteomic methods, decade-old protein markers
[115]
remain the gold standard in clinical settings
. The
most common protein markers used in diagnostic
laboratories are presented in Table 3. Their diagnostic
value is limited, as they are not able to detect early
non-malignant changes in gastric tissues or early
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[8]

tumours with reliable sensitivity and specificity .
A number of studies have explored tumour tissues
in search for candidate protein biomarkers. An
[192]
interesting study was performed by Sousa et al
.
Using FFPE tissues, they identified the high expression
of DMBT1 and LTF in two types of metaplasia:
intestinal metaplasia and spasmolytic polypeptideexpressing metaplasia. The potential clinical value of
these proteins could be the development of a simple
and robust immunoassay to detect them in endoscopy
specimens. A panel of four proteins, afamin, clusterin,
haptoglobin, and VDBP, was validated in serum
samples from patients with an advanced type of gastric
cancer, early stage type, and benign gastrointestinal
[193]
disease
. Interestingly, the panel distinguished
between cancer patients and patients without cancer.
[194]
In a large study, Ahn et al
developed two biomarker
panels, one with eight and the other with eleven
proteins, and validated their performances in two
groups of gastric cancer and non-tumour samples, a
training set and a test set. An eleven-biomarker panel,
including EGFR, TTR, proApoA1, RANTES, ApoA1,
D-dimer, VN, IL-6, CRP, A2M, and PAI-1, outperformed
the smaller panel in accurately distinguishing between
the majority of gastric adenocarcinomas and control
non-tumour serum samples. In another study using
MALDI-TOF-MS, eleven significantly different m/z
[195]
peaks were identified
. The researchers further
demonstrated in a large cohort of patents with dif
ferent cancers that two of them, the peptide regions
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Table 3 Common protein biomarkers used in clinical settings for gastric cancer management
Biomarker

Name of protein

Clinical application

CEA

Carcinoembryonic
antigen

Used as a diagnostic aid in different cancers,
primarily colorectal cancer. Additionally used as
an aid for monitoring response to treatment and
detecting recurrence of disease

CA19-9

Cancer antigen 19-9

CA72-4

Cancer antigen 72-4

AFP

b-HCG

PG Ⅰ/Ⅱ
HER2/neu

Alpha fetoprotein

Free betasubunit of human
choriogonadotropin

Pepsinogen Ⅰ/Ⅱ ratio
Receptor tyrosineprotein kinase erbB-2,
ERBB2

for SERPINA1 and ENOSF1, could potentially serve as
diagnostic markers for the detection of gastric cancer.
Their potential clinical value was determined by testing
the peptides in patients with non-small cell lung cancer
and colorectal cancer, and both groups exhibited lower
levels of these two proteins in their plasma compared
to patients with gastric cancer.
Although many additional studies have identified
a plethora of potential protein biomarkers, their
translation to diagnostic laboratories is slow. Thorough
validation studies in larger independent prospective
populations are needed before these markers can be
[8,196]
used for clinical assays
.

Clinical issues and applications
Today, patients with H. pylori infections have an
advantage in relation to other patients who have
unknown aetiology of gastric cancer due to improved
detection of the infection and treatment, and such
patients are often offered regular follows-ups and
endoscopies to determine early malignant changes. In
this group of patients, gastric cancer can be detected in
its early stages. Although the procedure is considered
invasive, it also enables the sampling of biopsies to
detect early molecular events, which accompany
pre-malignant stages, such as intestinal metaplasia,
dysplasia, atrophic gastritis, etc. However, studies of
pre-malignant changes and early tumours are scarce;
the majority of research is still performed on advanced
tumours. The primary limitation characteristic for
these studies is their inability to detect early changes
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Related cancer types

Colorectal, pancreatic, breast, lung, thyroid, ovarian,
endometrial, liver, and bladder cancers. Elevated in
benign conditions, such as smoking, peptic ulcer disease,
inflammatory bowel disease, pancreatitis, hypothyroidism,
cirrhosis, biliary obstruction, and bronchitis
Used as an aid for assessing the effectiveness
Colorectal, oesophageal, liver, and pancreatic cancers.
of treatment and for detecting the recurrence of
Elevated levels common in benign conditions, such as
disease
pancreatitis, biliary disease, cirrhosis, and cystic fibrosis
(acute phase)
Used as an aid for monitoring response to
Ovarian, breast, colon, endometrial, gallbladder, and
treatment and for detecting the recurrence of
pancreatic cancer. Elevated levels in rheumatoid arthritis and
disease
ovarian cysts
Used as an aid to assess response to cancer
Nonseminomatous germ cell tumours, hepatocellular
treatment
carcinoma, colon, pancreatic, and biliary cancers. Elevated
in benign conditions, such as viral hepatitis, cirrhosis, and
pregnancy
Used as an aid to assess response to cancer
Testicular, ovarian, trophoblastic tumours (choriocarcinomas
treatment
and invasive hydatidiform moles), pancreatic, lung, bladder,
and, rarely, lymphoma and breast cancers. Elevated in benign
conditions, such as hypogonadal states, marijuana use; rarely,
it is elevated during pregnancy and in postmenopausal
women
Used as aid for detecting atrophic gastritis
Used as an aid in the selection of appropriate
Breast (primary or metastatic), lung, bladder and pancreatic
treatment and monitoring treatment responses
cancers, Wilm’s tumour

in driver genes, which initiate the neoplastic process.
The molecular signatures of advanced cancers are
complex, and it is currently impossible to discern their
driver events. In time, with progress in bioinformatic
computing and modelling, it will be possible to
construct the most probable models of the main driver
changes that occur across genomes, epigenomes,
proteomes, and transcriptomes of cells. In this way,
we could use data to detect similar changes in precancerous lesions, such as atrophic gastritis, dysplasia,
and intestinal metaplasia, to determine when some or
the majority of cells cross “the point of no return”.
Today, discovery-driven methods are capable of
identifying numerous molecular alterations, both in
tumour tissues obtained after surgery and in clini
cally relevant specimens, such as in blood or urine.
The progress that has been made in methodology
and equipment has enabled the high-resolution
detection of potentially pathogenic changes at the
DNA, RNA, proteome, metabolome, and epigenome
[90,197,198]
levels
. Although these findings are invaluable
from a research standpoint and for deciphering the
molecular mechanisms of gastric carcinogenesis,
their clinical applicability remains questionable. First,
complex bioinformatic analyses and difficulties in the
biological interpretation of their results hinder their
practicability in clinical settings. Second, the most
pressing issue from the perspective of diagnostic
laboratory tests is the development of simple, robust,
sensitive, specific, and cost-effective methods that
are able to detect cancerous markers in a non[199]
invasive manner
. Another obstacle blocking the
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development of clinically relevant biomarkers is inter[36]
and intra-tumour heterogeneity . The development
of novel techniques, such as single-cell technology,
provides informative observations, offers valuable
insight into the molecular mechanisms that lead to
tumour mass existence and reveals intra-tumour
[3,4,200]
heterogeneity
; however, this technology is not yet
[31]
ready for diagnostic and screening purposes . Singlecell sequencing and/or laser microcapture dissection,
which are crucial for the detection of intra-tumour
changes, are currently not applicable to clinical settings
due to time and labour constraints and costs related
to equipment and personnel training. Finally, another
important issue regarding the identification of gastric
cancer biomarkers is the inherent drive to discover
novel biomarkers. Although this is valuable and aids
in collecting data and information on tumorigenesis,
such studies overshadow true validation studies and
small-scale studies performed in different populations.
The latter, replicate studies, despite being a repetition
of a previous study, can contribute to the body of
information and can confirm the roles of molecular
changes in different subjects, races, age groups or any
such variables.
In clinical settings, the detection of oncogenic
signatures should be minimally invasive, and it is
preferred that biomarkers should be measurable
in easily accessible bodily fluids, such as blood or
[199,201]
urine
. The development of techniques, especially
methods for the detection of circulating cancer cells
and circulating cell-free DNA, will pave the way for the
development of sensitive and specific interrogation
panels of molecular markers for gastric cancer de
tection in the future.
However, the importance of the detection of
molecular changes in gastric tissues should not be
neglected. During gastric endoscopies, doctors usually
obtain a few tissue biopsies for histological evaluation.
Portions of these tissues could also be used for
molecular analyses. Several issues have arisen in the
past regarding the use of gastric biopsies, such as the
quality of the tissue due to the presence of different
nucleases and proteolytic enzymes, gastric acid,
appropriate storage of tissues on-site, etc. Despite
these difficulties, research should be oriented towards
the identification of specific biomarker signatures
in complex tissues, regardless of cell composition.
The reasoning behind this is the fact that singlecell technology and other technologically advanced
methods are currently too expensive and labourintensive to be introduced into routine diagnostics.
In addition, bioinformatic approaches for modelling
biological interpretations and the definition of higherorder relationships among molecular alterations are
[8]
still being developed .
It is becoming evident that complex analyses and the
introduction of novel equipment into routine diagnostics
will require either the establishment of separate,
privately owned institutions that offer diagnostic services
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to medical centres or the development of specialized
medical diagnostic centres and the construction of
new multidisciplinary teams to provide technical and
knowledge support to systems medicine approaches
for diagnosing complex diseases. The former strategy
has already been successful for several companies that
offer FDA-approved diagnostic tests and for obtaining
appropriate certifications and permits. However,
introducing novel technologies into the healthcare
environment remains one of the biggest challenges in
most countries.
In conclusion, researchers must consider that driver
changes, which initiate neoplastic transformation,
could be the result of a complex interplay of aber
rations in genetic and epigenetic mechanisms and
may vary with environmental influences on susceptible
genetic backgrounds marked by specific combinations
of SNPs. Taking into account that the heterogeneous
nature of gastric cancer masks the identification of a
robust panel of specific biomarkers that could be used
in laboratories across the world, searching for common
traits rather than specific biomarkers could more
reliably reveal the oncogenic potential of cells within
clinical samples. The question of how to establish
biomarkers that depict these common traits remains
unanswered.

CONCLUSION
The heterogeneity of gastric cancer raises many
important issues: (1) how many aberrant molecular
events within a cell are required to set the cell on
malignant course; (2) which genes are driver genes;
and (3) how informative are driver mutations, namely,
could the detection of these mutations in biopsies
reliably confirm the development of aggressive
malignant clones? Could searching for changes in
certain focal points along select signalling pathways’
axes and the elucidation of possible alterations at
the end-points of these pathways that are implicated
in normal gastric homeostasis be informative in
determining early changes in gastric epithelia? In the
future, integrative analyses of certain key genomic
gross alterations, transcriptome fluctuations in mRNA
and miRNA content, and quantitative differences in
protein content, protein aberrations, and epigenome
changes could reveal specific molecular signatures of
gastric cancer that could be developed into reliable
diagnostic and prognostic assays. The challenge in
determining a roadmap of necessary and informative
molecular alterations and the development of appro
priate methodological solutions that are applicable
to routine diagnostic laboratories will require the
establishment of innovative partnerships, collaborations
of experts from different fields, and definitions of key
clinical demands and issues. This multidisciplinary
approach based on a systems medicine vision could
enable efficient translation of an enormous amount of
research and medical data into biomarker platforms
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for the diagnosis of clinical samples, which could lead
to precision medicine and individualized therapeutic
management of patients.
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Abstract
Capsule endoscopes have evolved from passively
moving diagnostic devices to actively moving systems
with potential therapeutic capability. In this review,
we will discuss the state of the art, define the current
shortcomings of capsule endoscopy, and address
research areas that aim to overcome said shortcomings.
Developments in capsule mobility schemes are
emphasized in this text, with magnetic actuation
being the most promising endeavor. Research groups
are working to integrate sensor data and fuse it with
robotic control to outperform today’s standard invasive
procedures, but in a less intrusive manner. With recent
advances in areas such as mobility, drug delivery, and
therapeutics, we foresee a translation of interventional
capsule technology from the bench-top to the clinical
setting within the next 10 years.
Key words: Capsule endoscopy; Capsule robot mobility;
Diagnostic capsule; Magnetic capsule endoscopy;
Therapeutic capsule
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Capsule endoscopy is progressing from a
mode of passive bowel viewing to active intervention
throughout the gastrointestinal tract. This review
outlines advances in capsule mobility, in vivo
position and orientation tracking, drug delivery, and
characterization of capsule-bowel interaction that
may aid in device development. Recent advances in
capsule actuation schemes suggest that magnetic
capsule manipulation is at the forefront of endoscopic
research. Integration of proprioceptive capsule sensing
may enable reliable capsule control with the potential
to facilitate development of interventional devices. We
expect to see clinical application of these technologies
in coming years.
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EXISTING TECHNOLOGIES
In recent history, the standard tool for visualizing
the gastrointestinal (GI) tract has been the flexible
endoscope. Unfortunately, endoscopy is invasive,
cannot visualize the entire GI tract in an easy manner,
and requires reprocessing. Due to invasiveness,
the procedure usually requires sedation. Capsule
endoscopy was introduced in 2000 and has been
utilized as a less-invasive mode for screening the
[1]
gastrointestinal tract . The most prevalent clinically
®
used capsules today include the PillCam SB 3 (small
bowel), ESO 3 (esophageal), and COLON 2 (Medtronic
Plc., Minneapolis, MN, United States - formerly Given
®
Imaging Ltd), CapsoCam SV-2 (CapsoVision Inc.,
®
CA, United States), MiroCam v2 (IntroMedic Co.
®
Ltd., Seoul, South Korea), OMOM (Jinshan Science
®
and Technology Co. Ltd., Chongqing, China), Hitron
(Jinan Nefisa Medical Trade Co., Ltd, Jinan, Shandong,
®
China), and the EndoCapsule (Olympus Corporation,
Tokyo, Japan). Each of these capsules, with exception
of the CapsoCam, contains cameras at either one or
both longitudinal ends. The CapsoCam has a novel
approach of a transparent shell and four radially
oriented cameras around the middle of the capsule
that provide the examiner with a view of the lumen
at any given moment (www.capsovision.com). Typical
capsule endoscopy systems include the capsule, a
wearable data receiver, an image processor, and video
viewing software.
Clinical capsules have also been developed for
purposes besides visualization. Given Imaging
®
®
Ltd.’s Bravo and SmartPill Capsule collect non-visual
®
data from the GI tract. The Bravo adheres to the
esophagus by pinning suctioned tissue and remains
fixed in esophagus and transmits pH data wirelessly
to an external receiver. Such procedure has a duration
[2]
of 48 h, but can be extended to 96 h . Similarly, the
®
SmartPill wirelessly transfers motility and pH data
from throughout the digestive tract. Medimetrics (a
®
Philips company, Netherlands) introduced IntelliCap
which has been developed to study drug absorption in
®
the GI tract. The IntelliCap can control quantity, rate,
and location of drug release and has received the CE mark
as well as DEKRA certification, but to our knowledge is not
[3]
yet FDA approved . The Enterion™ Capsule (Quotient
Clinical, England) is used in assessment of drug
absorption in the GI tract (http://www.quotientclinical.
®
com/enterion/). The CorTemp (HQ Inc., Palmetto, FL)
telemetry capsule, originally developed by the Johns
Hopkins Applied Physics Laboratory in collaboration
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Figure 1 Topic distribution of selected capsule endoscopy publications.

with the Goddard Space Flight Center, is an FDA cleared
device that monitors internal body temperature while
®
passing through the digestive system (“CorTemp Core
Body Temperature Monitoring Systems” Brochure,
www.spinoff.nasa.gov, www.hqinc.net). The capsule
wirelessly transmits data to a recorder worn by the
patient and has been shown to be a reliable source for
[4]
intestinal temperature measurement .
These clinically accepted technologies are less
invasive than traditional flexible endoscopes, but are
still subject to several limitations of which the main can
be categorized as follows: (1) Capsules are restricted
to passive movement through the GI tract; (2) Capsule
endoscopy systems lack position and orientation
tracking systems that localize a capsule with respect
to both body landmarks and a tridimensional world
frame; (3) Effective drug delivery capsules for localized
therapy have not yet been developed that enable
the transition from research to clinical use; and (4) A
unified model of capsule-gut interaction has not been
developed.
This review aims to present recent work to address
the aforementioned limitation areas. We have selected
what we believe to be the most relevant manuscripts
and scientific publications from a larger pool of works.
The topic distribution of the 142 selected papers is
shown in Figure 1. The themes shown are recurring
topics of review papers in the field and we believe
[5-7]
these to be the most influential subfields . This list
does not include information from company websites
utilized, though some are specified throughout the
text.

OVERCOMING LIMITATIONS
Addressing challenges: Then and now

Several solutions to the aforementioned limitations
have been developed in the last ten years, though
many of these are limited by system complexity or
little possibility of gaining regulatory approval for
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Table 1 Select mechanically actuated endoscopic capsules
Ref.

Figure 2 Artistic representation of a robotic capsule from before 2010
(Credit: Virgilio Mattoli).

translating and commercializing the research. A
representation of a futuristic capsule robot from before
2010 is shown in Figure 2. This was the vision of Paolo
Dario’s research team at Scuola Superiore Sant’Anna
and served as the ground for the Versatile Endoscopic
Capsule for Gastrointestinal Tumor Recognition
and Therapy (VECTOR) project. VECTOR was an
integrated project funded by the European Union
Commission from 2006-2011 that generated relevant
momentum in robotic capsule endoscopy in the last
[8-12]
decade. Project outcomes such as
have resulted
in successful, though mechanically complex, systems.
Issues in reliability and repeatability accompany
mechanical complexity that inhibits the translation
of technology from research to clinical use. Magnetic
driving of capsules, a more recent focus of research,
does not depend on on-board mechanical components
for actuation and thus requires less power storage.
The extra space and power can be used for integrating
interventional tools and sensing systems, or the
capsules can be further miniaturized.
In the following sections, we address what we
believe are the pertinent developments in capsule
technology that either show great promise, or have
been relevant steps in bringing technology to where it
is today.

Mobilization of capsule robots

Soon after the introduction of capsule endoscopy
into the marketplace, researchers began publishing
work on methods for enabling active locomotion (as
opposed to traditional passive locomotion enabled
by physiological peristalsis). The following section
discusses mechanical as well as magnetic research
approaches for enabling capsule locomotion.

Mechanical actuation

The most explored methods for inducing active
locomotion in capsules are crawling through lumens,
inchworm-like actuation, and swimming through
the stomach cavity. The study of legged capsule
locomotion through the GI tract began in 2004 with
[13]
Menciassi et al
who had a goal of achieving both
tissue contact for force transmission and the ability
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Year

Actuation mode

Highest
testing level

Speed
(cm/min)

Standard
colonoscopy[28]
Menciassi et al[13]
Kim et al[14]
Kim et al[26]
Wang et al[22]
Quirini et al[8]
Quirini et al[16]
Valdastri et al[10]
Tortora et al[11]
Kim et al[17]
Woo et al[18,19]

-

-

-

7

2004
2004
2005
2006
2008
2008
2009
2009
2010
2010

Ex vivo
Ex vivo
Ex vivo
In vitro
Ex vivo
Ex vivo
Ex vivo
In vivo
In vivo
In vitro

NA
1.47
13.4
NA
3
6
5
90
17
17.46

Morita et al[32]
Sliker et al[20]
Lin et al[23]
Chen et al[24]
Chen et al[25]

2010
2012
2012
2013
2014

Legged
Inchworm
Inchworm
Inchworm
Legged
Legged
Legged
Swimming
Paddling-based
Electrical
stimulus
Swimming
Treads
Inchworm
Inchworm
Inchworm

In vivo
In vivo
Ex vivo
In vitro
Ex vivo

300
18
30
NA
2.3

NA: Not available.

to displace these contact points and eventually utilize
this combination for both diagnostic and therapeutic
purposes. Soon after the development of this field of
[14]
mechanical capsule actuation, Kim et al (also 2004)
developed a shape memory alloy (SMA) actuated
capsule robot that biomimiced micro hooks of an insect
and traversed via an anchor-and-pull effect.
As part of the aforementioned VECTOR project,
[15]
[10]
Quirini et al
and Valdastri et al
developed
prototypes of 4, 8, and 12 legged capsules before
2010. The 4-leg device had a single degree of freedom
(DoF) where all legs moved simultaneously and a
balloon in the front was used to distend collapsed
tissue. The 8-leg capsule had ability to open and close
4 legs at a time (one set in front and one set in back)
which allowed for synchronizing motion and preventing
[8,16]
back slippage while opening a single leg set
.
The 12-leg capsule developed in 2009 operated in a
similar manner and was designed for generating large
propulsive force while maintaining an ingestible body
[10]
size .
[17]
In 2010, Kim et al
introduced a paddling based
capsule that traverses a lumen using anchored
propulsion. With only one DoF of actuating legs, a
linear actuator inside the capsule allows for avoidance
of the back slippage problem experienced by Quirini et
[16]
al The capsule was able to traverse at a satisfactory
rate during in vivo porcine trials, as seen in Table 1,
though erythematous mucosal injuries were noted.
[18,19]
In 2010 and 2011 Woo et al
conducted studies
on utilizing an electrical stimulus to contract the small
intestine. An electrical stimulus applied to the bowel
causes contraction and inhibits capsule motion until
the electrical potential is released. A 2010 study
utilized this phenomenon for resisting peristalsis while
the 2011 study targeted active locomotion. During
the locomotion study, unexpected contractions were
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observed after stimulus application. The authors
warned that electric stimulation may cause damage to
electrically sensitive organs, such as the liver, and may
[18,19]
disturb natural peristalsis
.
[20]
In 2012, Sliker et al developed a tethered robotic
capsule endoscope to enable active locomotion within
a collapsed lumen that was able to generate sufficient
biopsy forces and reduce chance of capsule retention.
The device was composed of a mid-section housing
motors, LEDs, and a camera, that was surrounded on
four sides by micro-patterned polydimethylsiloxane
threads. During in vivo testing, the capsule traversed
through bowel as well as other tissue surfaces inclu
ding mesentery, abdominal wall, and liver. This group
has continued work to develop a capsule traction force
measurement platform for application in developing
[21]
robotic capsule colonoscopies .
[22]
In 2006, Wang et al
developed one of the first
capsules to be propelled via both internal mechanical
system and electromagnetism in the capsule body. In
this preliminary study, a capsule that biomimics the
motion of an inchworm was presented. In 2012, Lin
[23]
et al
developed a 3-leg micro robot for actuation
and anchoring in the intestinal lumen. This robot
utilizes this anchoring to generate an inchworm like
[24]
motion and is thus able to propel itself. Chen et al
developed a wireless inchworm type colon-traversing
robot in 2013 with interventional capability that utilizes
a power-transmitting coil for power supply. The robot
contains air-balloon anchors that may be safer than
previously developed capsule legs, and an extending
mechanism to produce forward motion. The following
year, this same group developed a robot on a similar
[25]
principle but utilizing extending spiral legs . Other
inchworm concepts include a piezo-actuated concept
[26]
from 2005
on which further optimization work was
[27]
done in .
As seen in Table 1, the works that monitored
[14]
traversing speed in vivo include Kim et al
(1.47
[8]
[10]
cm/min), Quirini et al (6 cm/min), Valdastri et al (5
[17]
[19]
cm/min), Kim et al (17 cm/min), Woo et al (17.46
[23]
cm/min), and Lin et al
(30 cm/min). A standard
colonoscopy has duration of 21.1 min (SD, 10.4 min)
where a mean total distance of approximately 140 cm
must be traversed resulting in a desired velocity of
[28]
approximately 7 cm/min . Not all of these devices
are targeted for colonoscopy; however, this number is
useful as a point of reference for comparison.
[29,30]
In 2008, Kósa et al
proposed a miniature
swimming capsule endoscope with three tails that
utilizes a magnetic resonance imaging (MRI) machine’s
magnetic fields for propulsion and powering. Power
from induction is used to generate alternating
currents in three coils on each tail. This device is in
a constant magnetic field and thus the alternating
currents induce tail movement. Static magnetic field
is used for propulsion, while radio frequency magnetic
field is used for power transmission. This work was
further integrated and developed into a prototype that
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generated sufficient propulsive force.
[11]
In 2009, Tortora et al
developed a swimming
capsule robot for exploration of a fluid filled stomach.
The device includes four propellers to be controlled
via joystick. This system consists of the wirelessly
controlled capsule, and triaxial joystick and was tested
in vitro, ex vivo, and in vivo using a porcine model.
The same approach for locomotion was also tested
with a tridimensional inductive link to transmit a 400
[12]
mW power supply to operate the four propellers .
Further work on swimming robots was continued
by the group into 2014, this time adding a 3.5 mm
diameter wireless camera in a capsule that was 22
[31]
mm in diameter .
[32]
In 2010, Morita et al
developed a self-propelling
swimming system. The system consisted of a PillCam
(Given Imaging Ltd.) with a fin and a mounted
magnetic vibratory propeller at the aft of the capsule.
A user’s interaction with a joystick changed magnetic
field that in turn changed the capsule’s velocity and
orientation. This disposable device was successfully
tested in a dog, clear images were recorded, and a
velocity of 300 cm/min was achieved.
Mechanical actuation summary: The majority of
legged locomotion work was done before 2011 and
this field of research halted owing to on-board power
limitations and mechanical complexity. Capsules are
generally subject to a size limitation in order to be
swallowable. Each mode of locomotion discussed
(crawling, inch-worm, and swimming) requires
mechanical actuators that take up a large portion
of on-board volume that leaves limited space for
energy storage, that is needed to drive the actuators.
Developments in energy storage technology may
resurrect this area of research. Reliability, cost of
development, and design hazards such as the need
for apertures in the capsule needed for legs or the
interaction of legs with mucosa, are all limiting factors
in translating legged locomotion technology to clinical
use. Other mechanical locomotion schemes that have
been developed include rolling on treads that surround
a capsule robot, inchworm like capsule motion induced
by anchoring mechanisms coupled with on-board
linear actuation, and submarine-like motion induced
by propellers for gastric diagnostics. None of these
technologies has translated to clinical trials so far, and
show little promise.

Resisting peristalsis

Peristalsis resistance methods for capsules are generally
developed for enabling detailed diagnostic examination
of a target site or for enabling therapeutic intervention.
This is a subsidiary field to active capsule locomotion
- if an effective locomotion method is developed, then
that method may be used to inhibit capsule movement.
Studied methods that are suitable for lumens include:
the use of miniature legs, applying an electric stimulus
to artificially induce tissue collapsing, and mucoadhesive

10531

October 7, 2015|Volume 21|Issue 37|

Slawinski PR et al . Technical research update in capsule endoscopy
patches. Given Imaging’s Bravo pH Monitoring System
is widely used but is limited to the proximal part of the
GI tract and requires manual insertion with a companyprovided tool. The only aforementioned device to
undergo human trials is a magnetic sheath that is worn
over the abdomen to hold a gastric capsule stationary.
The ability to resist peristalsis is critical for enabling
therapeutic intervention in capsule endoscopy. Though
most actuation techniques may allow for anchoring,
research has also been done on capsules passing
through the bowel passively and anchoring only once a
target area is reached. Multiple methods for anchoring
have been studied, some of which are intermittent
to enabling active locomotion (e.g., anchoring legs),
while others are developed with the sole purpose of
[33]
anchoring. In 2006, Karagozler et al
developed
a legged capsule with biomimetic micro-patterned
adhesives for resisting peristalsis in the small bowel.
[34]
Also in 2006, Dodou et al conducted experiments on
developing mucoadhesive polymers whose frictional
properties may be altered reversibly via external
stimuli for use in alternative colonoscopic devices.
Water and air may be used to detach polymers from
the mucosa, but environmentally sensitive polymers
are needed to enable repeatability.
[35]
In 2008, Glass et al
developed, and tested in
vitro, an anchoring mechanism that utilizes pulleys
for the distension of 4 legs that contain high friction
[36]
adhesive pads. In 2009, Tognarelli et al
proposed a
force controlled stopping mechanism for esophageal
capsule endoscopy. The device contains 3 SMA
elastic flaps that distend upon wireless triggering. An
[18]
aforementioned study was done by Woo et al
in
2010 in utilizing electrical stimulus to resist peristalsis.
In 2011, this group proposed the use of mucoadhesive
films for locking surgical assistive tools inside the
gastric cavity. They suggest that this technique
overcomes the challenges associated with magnetic
coupling: exponential magnetic force relationship
with distance, inability to use other magnetic devices
in the area, and limitations of use in obese patients
owing to larger minimum magnet-tool distance. The
authors found that as with most adhesives, a greater
application area results in higher detachment forces
[37]
and thus an ability to hold a larger tool .
A promising concept was presented in 2014 by
[38]
Kim et al
who introduced a magnetic belt to be
worn over the abdomen to restrict movement of a
magnetic capsule in the stomach and allow monitoring
of gastric motility. This device was tested on a human
volunteer using a MiroCam (IntroMedic) capsule
that was embedded with permanent magnetic disks.
Once swallowed, the capsule was maneuvered to a
desired location after which the magnet was fastened
by a belt. Without the need for insufflation during
this procedure, and owing to the small size of the
capsule that does not have significant effect on gastric
behavior, motility could be monitored. The magnetic
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capsule motility observation was conducted along
with cutaneous electroencephalography with a hope
of establishing a relation between the two monitoring
methods.
Resisting peristalsis summary: Peristalsis resi
stance methods for capsules are generally developed
for enabling detailed diagnostic examination of a
target site or for enabling therapeutic intervention.
This is a subsidiary field to active capsule locomotion
- if an effective locomotion method is developed,
then that method may be used to inhibit capsule
movement. Studied methods that are suitable for
lumens include: the use of miniature legs, applying an
electric stimulus to artificially induce tissue collapsing,
and mucoadhesive patches. Given Imaging’s Bravo
pH Monitoring System is widely used but is limited to
the proximal part of the GI tract and requires manual
insertion with a company-provided tool. The only
aforementioned device to undergo human trials is a
magnetic sheath that is worn over the abdomen to
hold a gastric capsule stationary.

Magnetic actuation

Though the mechanical actuation method of capsules in
the bowel has been made possible in research settings,
it is accompanied by complexity of mechanical design
as well as having large space and power requirements.
Implementing magnetic actuation may allow for further
miniaturization of capsules by decreasing dependence
on internal mechanical hardware for locomotion and
minimizing on-board power needs. Researchers are
faced with the challenge of developing reliable magnetic
actuation techniques that are not trivial owing to the
exponential decrease of magnetic coupling force with
[39]
distance .
Magnetic capsule actuation consists of inducing
motion on a capsule with an embedded magnet.
Orientation of such capsule may be governed by a
uniform magnetic field generated from outside of
the patient, while a magnetic field gradient in space
induces relative motion. This field may be generated by
permanent magnets or electromagnets. In comparing
the two, electromagnets provide an additional DoF in
varying the magnitude of magnetic field, though the
volumetric magnetic flux density generated is lower than
that of permanent magnets. Control of magnetic capsule
endoscopes has evolved from mobilizing an ingested
capsule via hand-held permanent magnet, to robotic
control in both a static and rotary magnetic field manner.

Hand-held magnet actuation
[40]

Carpi et al published one of the first uses of magnetics
in capsule endoscopy in 2007. The group conducted
®
bench trials, using porcine tissue, on M2A capsules
(Given Imaging Ltd.) that were coated in silicone
elastomer with mixed in magnetic particles. The
capsule was driven using a larger external magnet.
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This preliminary study was a starting point for years of
magnetic actuation research to come.
The first human trial on actuating magnetic
capsules via hand-held external magnet occurred in
[41]
2010 during a study conducted by Swain et al
The
compartment for one of the two cameras of a PillCam
COLON was replaced by permanent magnets. During
this trial, a capsule was moved in the esophagus and
stomach and was reported by a volunteer to not cause
discomfort. In a similar study by the same group,
10 healthy volunteers swallowed magnetic capsules
that were manipulated externally by a hand held
magnetic paddle (Given Imaging Ltd.). The authors
reported that the esophageal transit time was highly
variable and that magnetic forces were not strong
enough to hold the capsule against peristalsis near the
[42]
gastroesophageal junction .
[43]
In 2010, Valdastri et al
developed a method of
steering an endoluminal camera mounted inside a
capsule that could be manipulated to achieve viewing
in a specific direction by use of both an external
magnet and an internal motor coupled with a magnet.
The external field was generated by a permanent
magnet mounted on a passive hydraulic arm that could
be manipulated by hand. This device achieved viewing
steps of 1.8° and was shown to be feasible during in
[44]
vivo porcine trials. In 2012 Lien et al
developed the
magnetic field navigator system that enables buttoncontrolled camera view adjustment as a capsule
is actuated via a hand-held device. The hand-held
navigator contains an embedded motor coupled with
a permanent magnet for inducing capsule rotation.
Early efforts of magnetic manipulation are starting to
be seen in clinic: Jinshan Science and Technology Co.
®
Ltd. (Chongquing, China) has developed the OMOM
Controllable Capsule System (http://jinshangroup.
gmc.globalmarket.com/products/details/omomcontrollable-capsule-system-4544573.html). Besides
the capsule, image recorder, and image workstation,
the system includes a hand held magnetic controller.
This system is not available for use in the US.
The SupCam European project is one of the latest
developments in hand assisted magnetic capsule
[45]
control. For use in the colon, Tozzi et al
developed
a spherical capsule that contains an internal core and
transparent shell that rotate independent of each other
so the camera view does not roll. The spherical capsule
is actuated via a low cost external magnet that is hung
from a fixture and contains a handle for easy grip. The
group is anticipating testing this in ex vivo and in vivo
settings.

Robotic actuation

Magnetic capsule control consists of actuating a
capsule via magnetic gradient manipulation, while
responding to sensory data. The evolution of magnetic
capsule control will be described by four paradigms
with progressive computer assistance: [A] - [D] where
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[D] is autonomous.
[A] Hand-held magnetic capsule actuation: as
described in the previous subsection, consists of a
human closing the control loop by receiving sensory
feedback by means of vision, and in response,
generating actuating movements. This implementation
involves qualitative sensory feedback and inaccuracies
in actuation i.e., the user has no feedback on magnetic
field strength and must move the actuating magnet
iteratively to achieve desired motion; [B] An evolution
of such control is the use of computer-assisted
actuation where magnetic field may be manipulated
achieve desired capsule actuation, or a robot is utilized
in moving a permanent magnet. A human is a key
part of this control loop and has the responsibility
of handling sensory (vision) errors and sending
commands to an actuator; [C] Introducing a method
of closing the control loop without direct human error
handling, but rather human assistance, may further
improve procedural precision. A final evolution of this
control, that we will refer to as closed loop control,
would consist of a robot controlled permanent magnet or
computer generated magnetic field that is respondent
to both sensory feedback in human vision as well as
proprioceptive capsule feedback, i.e., magnetic field
strengths and localization. A human now directs a
capsule in response to visual information, while a range
of assistive control schemes such as teleoperation,
shared control, or autonomous control may direct a
capsule to achieve the user defined motion; and [D]
A platform with image processing and aforementioned
sensing may someday perform procedures in full
autonomy, without a human in the control loop.
[46]
In 2009, Ciuti et al published the first study on in
vivo actuation of magnetic capsules via external robot.
The study compared the effectiveness of an industrial
robot for holding an external magnet as opposed
to the magnet being held by hand. Ten total in vivo
trials were performed (5 hand-held, 5 robotic). The
authors reported an ability to locate a target during
hand-held trials, though were unable to approach the
target without losing it in view. Using robotic control,
more targets were reached (87% ± 13% vs 37%
± 14%) and precision of movement was improved,
but mean trial completion time more than doubled
(201 ± 24 s vs 423 ± 48 s). The movement precision
stems from the ability to adjust the magnet robotically
around a particular DoF to tilt or nudge the capsule,
while unstable and jerky movements may occur if
holding the magnet by hand. Implementing the control
scheme as described by [C] above may eliminate such
procedural delays. A similar study was conducted using
the Niobe magnetic navigation system (Stereotaxis,
[47]
St. Louis, MO, United States). Carpi et al
were
able to drive a modified PillCam capsule around
each of the main regions of the GI tract. The group
reported omnidirectional steering accuracy of 1° and
tridimensional localization with 1 mm accuracy. This
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localization was implemented via real time fluoroscopic
imaging and thus requires exposing the patient to
ionizing radiation.
[48]
In 2012, Arezzo et al
conducted a study to
compare the performance of a robotically-driven
magnetic capsule for colonoscopy system to standard
colonoscopy. The study included 22 subjects (11
experts, 11 trainees) who were to complete a full
colonoscopy on an ex vivo swine bowel. Of 672 target
pins, 80.9% were detected by capsule procedure
as compared to 85.8% by traditional colonoscopy.
Detection rate was promising, but the procedure time
was nearly three times longer for the capsule procedure
(556 ± 188 s vs 194 ± 158 s). The authors also
observed that though experts performed better in the
traditional procedure, trainees using the robotic platform
were able to outperform experts using traditional
procedure. Implementing a control scheme as described
by [C] may alleviate these procedural delays and
potentially eliminate discomfort and need of sedation
from the procedure, while maintaining detection rates
of standard procedures.
[49]
In 2012, Keller et al presented a magnetic capsule
mobility human study on 53 patients and volunteers
using a magnetic driving system developed by Olympus
Medical Systems Corp. and Siemens Healthcare. This
system operates under a control scheme as described
in [B], where a human dictates desired motion via
vision feedback and computer assisted actuation
occurs by magnetic field specification. This driving
system resembles an MRI machine. The group was
able to implement “functions” that caused pre-specified
capsule motions, such as “rotation” or “parking” that,
in example, resets the capsule in the middle of the
stomach to restart the examination. The authors
examined which functions were most pertinent for
[50]
completing a screening. Yim et al
(2012) developed
magnet-driven capsules that are made of soft elastomer
structures. Specific applications of these capsules will be
discussed in the “Therapeutic Capsules” section of this
manuscript.
[51]
In 2014, Sun et al
presented a novel capsule
driving technique that utilizes two actuating magnets
mounted on either lateral side of a patient with the
magnetic capsule held coplanar. This set-up allows for
the use of simpler, and thus less expensive, robotic
[52]
arms having less DoF. In 2015, Mahoney et al
developed a 5 DoF capsule manipulation method,
subject to aforementioned control schema [C], for the
screening of a fluid-distended stomach. The group
utilized an industrial 6 DoF serial manipulator with
a permanent magnet mounted at the end effector
for manipulating a capsule that was submerged in
a water-filled translucent tank. A vision system was
used to obtain 3 DoF position feedback, though this
localization method is not applicable in vivo. Capsule
control was analyzed while the robot was in singular
configurations and a control scheme was developed to
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maintain capsule position while momentarily sacrificing
orientation control.

Spiral capsules and actuation via rotating external
magnet

Magnetic capsule actuation by direct magnetic link
with an external magnet may be dangerous if the
distance between magnets is abruptly decreased and
the coupling could potentially cause tissue perforation.
The use of a rotating external magnet to induce screwlike capsule motion has been a subject of research for
[53]
13 years. In 2002, Sendoh et al proposed the first
work on actuating a magnetic device with embedded
spiral threads for converting rotation to linear actuation
and soon afterwards, applied the technique to actuate
a capsule endoscope. The device consists of a capsule
with an embedded permanent magnet and a spiral
thread-like structure wrapped around the capsule’s
exterior. Applying an external rotational magnetic field
causes rotation of the capsule that is converted to linear
[54]
motion via capsule threads . This method showed
potential and has been a subject of research since
[55-60]
then
.
[60-62]
In 2011, Mahoney et al
proposed a mathe
matical model to optimize (not necessarily threaded)
capsule driving by rotating magnetic field. The
motivation behind this work was elimination of
potentially hazardous direct magnetic pull that may
be experienced by an in vivo magnetic device. The
group demonstrated that an external magnet rotating
at non constant speed according to a specific openloop rotation trajectory may relinquish direct attractive
force while directly applying a nearly constant lateral
[61]
force . Later work by this group has investigated
the inverse problem of determining necessary axis of
rotation of an external permanent magnet to apply a
force in a specified direction on the internal magnet.
Magnetic actuation summary: The evolution of
magnetic capsule control may be characterized as
follows: [A]: Human controlled actuation in response to
human sensing; [B]: Human controlled actuation with
computer assistance in response to human sensing; [C]:
Human controlled actuation with computer assistance
in response to computer sensing; and [D]: Computer
controlled actuation in response to computer sensing:
no human in the loop. The field has progressed to
groups having developed control scheme [B]. The first
human studies on magnetic capsule actuation were
conducted using an external hand-held permanent
magnet that is manipulated in response to live video
feedback from the capsule. Though hand-held control
is simpler to implement, studies have shown difficulty
in performing fine movements, such as approaching
a particular target site or rotating the capsule about a
particular degree of freedom, which may be achieved
by use of robotic manipulator. An MRI-like system
developed by Siemens and Olympus is the only non-
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manual magnetic driving device to undergo human
trials. Several groups are developing robotic driving
systems that involve either a rigidly mounted magnet at
the robot’s end effector or a rotating magnet. To achieve
control schemes [C] and eventually [D], proprioceptive
capsule sensing and integration with actuation modes
is critical. The field may then progress to intelligentassistive actuation. This field shows potential to transfer
technology from research field to clinical use in coming
years.

LOCALIZATION OF IN VIVO CAPSULES
Knowledge of capsule endoscope position can be
considered with either a diagnostic or global respect,
both of which are crucial for implementing closedloop magnetic control. Diagnostic localization refers to
monitoring capsule position with respect to anatomical
landmarks, while global localization (proprioceptive
sensing) refers to monitoring position and orientation
[63]
in a tridimensional Cartesian frame. Fischer et al , in
2004, were one of the first groups to develop a capsule
endoscopy localization system. This algorithm was
®
developed to be used with Given Imaging Ltd.’s M2A
capsule and is based on measuring the received signal
strength (RSS) of a capsule’s wireless transmission data
via 8 external antennas. No extra on board hardware
is needed and all implementation is incorporated into
Given Imaging Ltd.’s existing video processing software
®
(RAPID ).
[64]
In 2006, Hu et al
proposed the first magnet
based localization algorithm. This group used a
capsule with an internal magnet and 3-axis magnetic
field sensors placed outside the body to obtain the
capsule’s global position and, unlike Fischer’s work,
implementation required additional hardware.
A localization method based on microwave imaging
[65]
was presented in 2013 by Chandra et al
The group
utilized electric properties of tissue as well as tissue
positions to aid in resolving the device’s position.
Preliminary testing resulted in errors of 1 cm or less
and the algorithm is currently limited to 2D application.
[66]
In 2012, Salerno et al
proposed a novel concept
of using magnetic field sensors inside a capsule for
localization. Using a pre-computed magnetic field
model along with the sensor readings, the group
reported position errors of 14 mm, 11 mm, and 19
mm in the X, Y, Z coordinate directions.
[67]
In 2013, Yim and Sitti
proposed a magnetic
localization method that provides 2.0-3.7 mm in 3D
position error. The authors developed the magnetically
actuated soft capsule endoscope (MASCE) that uses
magnet-induced rolling to move through the stomach
and is the device on which the localization study is
based. The localization system is based on capsule
deformation as the external magnet nears the body.
[68]
Miller et al
(2012) developed a method for
measuring the magnetic field produced by an external
magnet at the center-point of an internal magnet
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embedded in a capsule, without interference of the
internal magnet. Knowledge of such magnetic field
state allows for manipulating the external field in
a controlled manner to achieve a control schema
[69]
as described by [C] above. Popek et al
(2013)
proposed a non-iterative localization method that
utilizes a rotating magnetic dipole and was shown to
produce sufficiently small errors when generating 6
DoF localization data. This method is limited by need
of a 30 s post-processing period.
In need of a position and orientation detection
method of capsule in presence of a magnetic field, Di
[70]
Natali et al
developed a localization algorithm that
employs sensor readings and pre-defined magnetic
field maps. This algorithm provides 6 DoF localization
data where errors are below 5 mm in position and
below 19° in orientation, and allows for real time
application during capsule actuation via external
permanent magnet. To account for magnetic dipole
assumption inaccuracies, this group improved this
algorithm the following year by utilizing the Jacobian
of the magnetic field in relation to capsule pose.
This iterative algorithm, operating at faster than
100 Hz, resulted in errors below 7 mm. The authors
reported that experimental results suggest that the
methodology was effective and reliable at realistic
[71]
clinical capsule movement speeds .
Capsule localization summary: Capsule position and
orientation may be described with respect to landmarks
in the GI tract (diagnostic) or by a coordinate position
in space (global). Diagnostic and global localization
systems that provide both the position and orientation
of a capsule endoscopy are vital for magnetic actuation.
Current capsule endoscopy systems used clinically
rely on RSS measurements on video data that is
transmitted, which does not communicate the capsule’
s orientation. Several research groups are actively
investigation global localization methods, though no in
vivo human trials have been performed.

THERAPEUTICS
Currently available capsule endoscopes are still
inferior to traditional endoscopes owing to both
passive actuation and inability to conduct biopsies or
[5]
therapeutic intervention . Implementing modes of
tissue intervention is necessary for moving capsule
technology forward. The first biopsy capsule was
developed in 1957 by William H. Crosby and Heinz
W. Krugler. The Intestinal Biopsy Capsule operated
by sucking in mucosa and then releasing a spring[72]
actuated rotary knife . This work has provided
motivation for many of the following devices.
A biopsy module to be used in a capsule endoscope
[73]
was developed in 2005 by Kong et al . This device
operates similarly to Crosby and Krugler’s capsule, via
torsion spring and rotational tissue-cutting razor. This
device was successful in capturing intestinal mucosa of
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[74]

a cow and rabbit. In 2008, Valdastri et al developed
an interventional surgical clip capsule for use in both
capsule endoscopy and natural orifice transluminal
endoscopic surgery (NOTES). The capsule was tested
in vivo via porcine model and steered to the target
lesion site via external magnetic arm and successful
surgical clipping was observed. Again inspired by the
design of the Crosby and Krugler capsule, Simi et
[75]
al
(2010) developed a magneto-mechanical elastic
torsion spring biopsy mechanism that was driven via
external magnetic field. Ex vivo trials were performed
using excised porcine intestine where the capsule was
actuated via hand held magnet from the outside of the
intestine. Authors reported that external permanent
magnet driving provided stabilization, anchoring, and
sufficient torque to acquire biopsies and further in vivo
[76]
testing is needed. Ryou et al
(2011) introduced the
self-assembling magnets for endoscopy (SAMSEN)
platform for creating a gastric anastomosis to be
used in gastrojejunostomy. This device that relies on
assembly via laparoscopic graspers provides a simple
method for mating tissue walls and has been tested
in porcine and human cadaver trials. The same group
[77]
(Kong et al ) that developed the biopsy module in
2005 went on to develop a robotic biopsy device for
capsule endoscopes in 2012. This device consists of
three modules: a tissue monitoring module, an anchor
module, and a biopsy module in vitro testing of this
device was successful.
Therapeutics summary: Interventional technology
in capsule endoscopy is heavily dependent on
development of active locomotion systems for
capsules. Nearly all research areas involving
therapeutic capsules also involves active locomotion.
The rapid development of actuation techniques
suggests that applications for therapeutic systems in
the capsule will be necessary. This is relevant research,
though it has not yet been applied in human trials.

DRUG DELIVERY
Drug delivery capsules have been a prevalent field
of study in recent years owing to applications in
both treating GI tract diseases and drug absorption
[78]
studies . Targeting drug delivery sites in the GI tract
may maximize local drug concentration while avoiding
[79]
drug effects in unwanted areas .
[80]
In 2008, Hongying et al
developed a sitespecific delivery capsule that utilizes a heating array,
elastomeric bellows, and piston to release a drug.
The main limitation of this device was a small drug
reservoir volume that was limited by large size of
internal electrical and mechanical components. Animal
trials as well as a study on 12 healthy volunteers
suggested this device to be reliable. That same year,
[81]
Cui et al
developed a microelectromechanical
systems (MEMS) microcapsule for real-time drug
release and for GI fluid sampling. The hermetic, non-
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digestible, and wirelessly controlled capsule was
deemed reliable following in vivo trials.
[82]
In 2009, Groening et al
developed a wirelessly
controlled capsule that utilized hydrogen gas pro
duction induced by current to activate a piston that
dispensed a drug. Preliminary testing of this device
was successful and authors stated hopes of making
[83,84]
such device biodegradable. Later that year, Pi et al
introduced a remote controlled capsule that is actuated
wirelessly and utilizes combustion for drug release. The
telemetry signal ignites microthrusters that actuate a
piston and release the drug. Though the device was
tested in vivo on beagles, serious safety concerns
exist and authors recommend precise calculation of
propellant dosage.
[50]
Yim and Sitti
(2011) developed a compliant
magnetic capsule to be used for drug delivery in the
stomach. The device is actuated via magnet induced
rolling. The drug release feature is actuated by an
external magnet being moved closer to the capsule.
Series of devices like this have been developed by this
group with focus on the device’s shape manipulation,
capsule localization, multimodal drug release, and
[67,85-87]
carrying mirogrippers for biopsy
. In that same
[88]
year, Antipina et al
described possibilities of utilizing
physical influences such as magnetic field, ultrasound
or light for drug delivery. Laser light illumination on
microcapsules can be utilized to open nanomembrane
channels for releasing capsule content. Magnetic field
can be utilized to both locomote capsules as well as
[89]
trigger a drug release mechanism. Pirmoradi et al
(2011) introduced a magnetically controlled MEMS
device that utilizes an external magnetic field to
deform an internal membrane that increases reservoir
pressure that triggers drug release.
[90]
Dietzel et al
(2012) developed the Magnetic
Active Agent Release System (MAARS) for drug
delivery that is triggered via magnetic field rather than
potentially harmful media such as heating elements
or radiation. Magnetic flux forces metallic components
of the capsule together and once demagnetized, a
compartment is opened and the drug is released.
Human trials on 13 healthy volunteers to release
a solid drug (acetylsalicylic acid) showed that the
technology is safe and the device is well tolerated. In
[91]
2013, Woods et al developed a capsule that housed
a rotatable drug injection needle while having capability
to anchor in the intestine via mechanical extensions.
With video feedback, the operator can approximate a
target site for injecting the drug. Preliminary testing
has shown this device to be feasible.
To prevent drugs from passing through and being
inadvertently affected by bacteria and pH variance
[92]
throughout the GI tract, Traverso et al
(2014)
developed a microneedle capsule that delivers a
drug to a mucosal target site. The capsule contains
microneedles enclosed by pH-responsive coating
that dissolves upon reaching target site. Once the
coating dissolves, a drug reservoir is compressed by
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peristalsis, which, in turn, releases the drug. In vivo
studies were conducted successfully and the group
intends to investigate the possibility of fabricating the
microneedles from biocompatible polymers that can
become lodged in the mucosa and slowly release a
drug.
Medimetrics Personalized Drug Delivery Inc., a
Phillips associated company, has introduced a drug
delivery capsule for clinical use. Proclaiming itself as
the pioneer and global leader in electronic oral drug deli
®
very, Medimetrics developed the IntelliCap telemetry
®
capsule. The IntelliCap (CE Mark, Medimetrics) is
an intelligent oral drug delivery system that contains
a microprocessor, employs real-time wireless com
munication, and contains pH and temperature sensors
(www.medimetrics.com). This device has the ability to
communicate its approximate location to a physician
wirelessly via diagnostic localization by tracking
[93]
variability of pH values . The Enterion™ capsule
(Quotient Clinical, England) is targeted towards
assessing drug absorption in the GI tract and can deliver
both liquids and solids. This device underwent 120
clinical studies (4000 capsules) in the United kingdom
(http://www.dddmag.com/news/2012/05/quotientreceives-enterion-approval).
Drug delivery summary: A breadth of drug delivery
concepts has been developed and human trials were
conducted on a piston-based drug release system
as well as the MAARS system that utilizes a simplemagnetically driven design and was developed for
conducting new drug absorption studies. The IntelliCap
(Medimetrics) and Enterion capsules have undergone
clinical trials and the former has received the CE mark.
Drug delivery via capsules continues to be a thriving
area of development and we expect further clinical
applications in coming years.

QUANTIFYING DESIGN PARAMETERS
FOR ROBOTIC CAPSULE ENDOSCOPES
Robotic capsules for active locomotion or resisting
peristalsis may be designed without awareness of the
bowel’s tribological properties, though this may result
in inefficient or inadequate systems. Quantification
of mechanical response of the bowel to assist with
developing endoscopic devices is pertinent to effective
capsule design and has been an area of research
[94]
since 2000 . Though groups have studied forces
[95]
exerted by traditional endoscopes , we focus on
the mucosal forces relevant to the design of capsule
[96]
robots. In 2007, Kim et al
developed an analytical
frictional resistance model for the development of
capsule endoscopes to be used in the small intestine,
where the main forces applied to the capsule are
frictional force owing to capsule weight, stress due to
tissue deformation, and peristaltic contractions of the
mucosa and the capsule was modelled as a pressure
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vessel with induced hoop stress. Results suggest that
the frontal shape of the robot was a major contributor
in the frictional resistance. Resistive properties of the
[97]
small bowel were studied in 2010 by Wang et al
and the group concluded that the capsule’s size and
moving speed affect the amount of resistive (traction)
force experienced. This traction force may be as high
[98]
as 8 times the magnitude of a capsule’s weight . To
minimize the friction between GI tissue and the surface
[98]
of a capsule that causes this traction, Ciuti et al
(2011) developed a vibratory magnetic capsule with a
wireless on-board inertial sensor and reported traction
force reduction of up to 30% during implementation.
[99]
In 2011, Terry et al quantified the radial (contact)
component of peristaltic forces generated by the
contractions (migrating motor complex) of the mutually
orthogonal circular and longitudinal bowel lumen
muscle layers. Previous groups have focused on robotspecific modeling and force quantification and thus
the purpose of this work was to develop a unanimous
characterization of the bowel to assist in general
capsule robot development. The group developed a
migrating motor complex force sensor (MFS), a biaxial
stress/strain apparatus, an in vitro mucous adhesivity
protocol, as well as an in vivo tribometer. This work
experimentally confirmed the previously developed
[100]
theoretical force values by Miftahof et al . Further in
[101]
vivo studies using the MFS were conducted in .
[102]
In 2013, Ze Wang et al
developed a frictional
resistance determination model for a capsule under
radial compression and, as opposed to Kim et
[96]
al
(2007), considered the friction force owing to
peristalsis, modeled as a sine wave. Authors report
that modeling peristaltic force allows for better
observation of influence of capsule radius, length,
speed, and contact angle with the mucosa. Zhang
[103]
et al
(2014) developed a capsule resistance
force quantification model that where the static and
kinetic friction coefficients are analyzed as a stickslip phenomenon. The group conducted in vitro trials
and concluded that the model sufficiently predicted
experimental results. A further work quantifying force
resistance in magnetically rotating capsules can be
[104]
seen in .
[105]
In 2014, Natali et al
developed a system to
enable tracking of the resistive force experienced by an
untethered capsule. The system consists of a wireless
capsule with embedded permanent magnet that is
manipulated by an external magnetic field.
Force quantification summary: Characterization of
tissue tribology and the mechanical interaction with
capsule endoscopes is a relevant field of study that
has produced models to assist with device design. Past
works have shown that the most relevant parameters
that affect resistive force in the bowel are the frontal
shape and traversing speed of the capsule. Groups
have implemented mechanical systems to reduce
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resistive force, though none of these systems have
yet been applied clinically. Work has been done to
mechanically characterize theoretical models of
capsule-tissue interaction, though no unified model
exists that may be applied for any lumen traversing
capsule.

THE HORIZON: FIVE-YEAR OUTLOOK

2

3

4

We have now seen the evolution of capsule technology
from a primitive biopsy capsule in the 1950s, to
wireless video capsule endoscopes (2000), to robotic
capsule endoscopes (mid-to-late 2000’s). Currently,
the majority of work has been in developing active
mobility schemes. In this review, we discussed relevant
capsule methods for resisting peristalsis, actuation,
drug delivery, therapeutics, and bowel modeling. One
of the main ubiquitous challenges has been energy
storage on board these devices. Owing to the ability to
transfer mechanical force through a physical barrier,
magnetics have applications in mobility, therapeutics,
study of motility, and bowel force quantification.
Development of electronic ingestible devices has also
expanded from academic laboratories to corporations.
The market for “smart pills” is expected to grow to
[106]
$1 billion by 2017
. Studies are being conducted
on observing autofluorescence emission from tissue
by use of a capsule. This method may be used for
detecting diseased tissue without the use of on-board
[107]
cameras .
A crucial evolution in capsule mobility has been
the shift from mechanical actuation techniques, such
as legs, to magnetic manipulation which does not
consume internal capsule power and does not require
internal components for mechanical actuation. Robotic
magnetic manipulation seems to have improved
precision and reliability when compared to hand-held
magnet actuation; however, currently at a cost of
[46]
longer procedure time . Capsule actuation schemes
range from user dependency in both sensing and
direct actuation to fully autonomous robotic control.
The near-future direction of the field is to utilize
proprioceptive capsule data to assist the user in driving
capsules in an intuitive manner. Clinical applications
of such technologies seem feasible within the next 10
years.
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Abstract
Gastrointestinal perforations, leaks and fistulas may be
serious and life-threatening. The increasing number of
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endoscopic procedures with a high risk of perforation
and the increasing incidence of leakage associated
with bariatric operations call for a minimally invasive
treatment for these complications. The therapeutic
approach can vary greatly depending on the size,
location, and timing of gastrointestinal wall defect
recognition. Some asymptomatic patients can be
treated conservatively, while patients with septic
symptoms or cardio-pulmonary insufficiency may
require intensive care and urgent surgical treatment.
However, most gastrointestinal wall defects can be
satisfactorily treated by endoscopy. Although the
initial endoscopic closure rates of chronic fistulas is
very high, the long-term results of these treatments
remain a clinical problem. The efficacy of endoscopic
therapy depends on several factors and the best mode
of treatment will depend on a precise localization of
the site, the extent of the leak and the endoscopic
appearance of the lesion. Many endoscopic tools for
effective closure of gastrointestinal wall defects are
currently available. In this review, we summarized
the basic principles of the management of acute
iatrogenic perforations, as well as of postoperative
leaks and chronic fistulas of the gastrointestinal
tract. We also described the effectiveness of various
endoscopic methods based on current research and
our experience.

Core tip: Most gastrointestinal perforations, leaks and
fistulas can be satisfactorily treated by endoscopy.
The efficacy of endoscopic therapy depends on several
factors. Many endoscopic tools for effective closure of
gastrointestinal wall defects are currently available.
In this review, we summarize the basic principles of
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the management of acute iatrogenic perforations,
as well as of postoperative leaks and chronic fistulas
of gastrointestinal tract. We also described the ef
fectiveness of various endoscopic methods based on
current research and our experience.
Rogalski P, Daniluk J, Baniukiewicz A, Wroblewski E,
Dabrowski A. Endoscopic management of gastrointestinal
perforations, leaks and fistulas. World J Gastroenterol 2015;
21(37): 10542-10552 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i37/10542.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i37.10542

INTRODUCTION
Gastrointestinal perforations may result from en
doscopic or laparoscopic procedures, or they can be
spontaneous (e.g., Boerhaave syndrome). Although
the majority of perforations during endoscopic pro
cedures are adverse events, the increasing use of
advanced endoscopic techniques, including natural
orifice transluminal endoscopic surgery (NOTES),
or the transgastric drainage of fluid collections, is
increasing the incidence of intentional perforations. The
risk of gastrointestinal perforation during a diagnostic
procedure is extremely low, while interventional
endoscopy is associated with significantly higher
[1]
risk . Endoscopic procedures with the highest risk of
iatrogenic perforations include: endoscopic submuco
sal dissection (ESD), stricture dilation, foreign body
removal, endoscopic mucosal resection (EMR), tumor
ablation and peroral endoscopic myotomy (POEM).
A difficult esophageal intubation is a risk factor of
perforation even during diagnostic endoscopy. The
delayed perforations which can result from thermal
injury are a significant clinical problem.
Anastomotic leaks usually result from technical
difficulties during a surgical procedure. After esophageal
resections this complication occurs in 10%-20% of
cervical anastomoses, 5%-10% of thoracic anastomoses,
[2,3]
and after 3%-22% of colorectal resections . The
increasing frequency of bariatric procedures contributes
to a higher incidence of postoperative leaks and other
[4]
unusual complications . Gastrointestinal fistulas are
also chronic complications of inflammatory diseases or
[5]
malignancy .

Gastrointestinal perforations
Most perforations that occur during endoscopic
procedures can be treated endoscopically, with no
need for surgery. On the other hand, gastrointestinal
perforation is a medical emergency and, even after
successful endoscopic closure of the gastrointestinal
wall, the patients require close monitoring. The
key to successful treatment is early recognition of
the perforation, correctly assigning the patient to
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endoscopic or surgical management and adequate
treatment of life-threatening complications.
The initial steps after diagnosis of a gastrointestinal
perforation should include proper positioning of the
patient to reduce the risk of intraluminal content
leakage, parenteral antibiotics and cardiopulmonary
monitoring. Patients with upper gastrointestinal tract
perforations should receive proton pump inhibitors.
Most of the data regarding endoscopic treatment
of gastrointestinal perforations are based on small
studies including case reports, case series, and animal
studies. However, when the perforation is detected
during an endoscopic procedure, and is amenable to
endoscopic closure, it should be closed immediately,
in the same procedure. Endoscopic assessment of the
defect is crucial, before attempting closure. Insufflation
of carbon dioxide instead of room air may be helpful
at this point. The endoscopist should assess the size,
and the edge of the defect in the gastrointestinal
wall and any potential bleeding. Endoscopic closure
can be achieved by a variety of methods and devices
and the corresponding endoscopic techniques vary
depending on the location, size of the defect and
timing of recognition (see Table 1). In most cases a
failed endoscopic closure of a perforation requires
surgical intervention. Asymptomatic perforations that
are recognized 24 h or more after the procedure may
[1]
be managed conservatively .
The mainstays of postoperative care after suc
cessful endoscopic closure are antibiotics, avoidance
of oral intake, nasogastric suctioning, intravenous
fluids, and analgesia. Some patients may also require
surgical drainage of fluid collections. Parenteral or
enteral nutrition should also be considered in selected
patients. If the postoperative course is uncomplicated,
oral food can be resumed four days after successful
[6,7]
closure of a perforation .
The most serious complications of gastrointestinal
tract perforations are the abdominal compartment
syndrome, tension pneumothorax, tension pneumoperitoneum, subcutaneous emphysema and perito
nitis. Tension pneumothorax and tension pneumoperitoneum are medical emergencies requiring
immediate needle decompression. It should be
emphasized that extraluminal air does not mean that
surgery is needed, and the volume of extraluminal air is
generally not proportional to size of the gastrointestinal
[8]
wall defect . Subcutaneous emphysema can be lifethreatening and may require endotracheal intubation,
due to the risk of airway obstruction by air dissecting
through the soft tissues of the neck. A surgical
evaluation for possible lavage or perforation closure
should be considered in patients with peritonitis.
Radiologic examinations may also be appropriate
after the endoscopic closure of perforations. Contrast
studies using water-soluble agents can demonstrate
persistent leaks and computed tomography (CT) can
detect extraluminal air, fluid collections, and other
complications.
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Table 1 Clinical presentation and preferred endoscopic management according to site of perforation
Location of
perforation

Clinical presentation

Preferred endoscopic closure techniques

Esophagus

Subcutaneous emphysema, neck pain,
chest pain, emesis

Small perforations (< 2 cm) can be closed
with clips (TTSC or OTSC)

Stomach

Duodenum
and biliary
tract

Colon,
Rectum

[1,7,8,54]

Comments

The use of endoscopic techniques may be
challenging in the proximal esophagus, due to
space constraints and patient intolerance - consider
conservative treatment in stable patients
Tachycardia with chills and fever
Perforations < 2 cm size with everted edges
Stent fixation with clip application or suturing
suggest mediastinitis and sepsis
may be treated with OTSC clips
techniques may be useful to prevent migration of the
development
stent
Large perforations (> 2 cm) or defects
Fibrin glue application and EVAC use has been
associated with esophageal stenosis may be reported for closure of esophageal perforations but
managed with fully covered and partially
experiences are limited
covered SEMS or endoscopic suturing
techniques
Abdominal pain, abdominal fullness
Endoscopic clipping techniques (TTSC,
Most perforations of the stomach are small defects
OTSC) are the mainstay of gastric
that occur during EMR, ESD procedures and can be
perforation closure
successfully closed with TTSC.
Breathing deterioration and shock
Omental patch closure technique, clipping
Closing perforations in proximal stomach may be
symptoms suggest development of plus endoloop or OTSC may be an option in
challenging
tension pneumoperitoneum
closing large defects (> 1 cm)
Peritonitis and abscess formation
Endoscopic suturing is an optional method
Endoscopic band ligation for gastric perforation
result from leakage of gastric contents
especially in closing post-ESD defects
closure has been reported but experiences are
Pneumomediastinum and
Endoscopic stents may be useful to
limited
pneumothorax are relatively rare
treat perforations following pyloric or
complications of perforations in
gastroenteric anastomosis dilation
cardiac region
Retroperitoneal nature of the injuries Peri-ampullary or biliary tract perforations The use of transparent cap may be helpful in difficult
may mask the severity
may be treated with biliary stent placement
locations
or TTSC
The severity of perforations varies
Large perforations most often require
Closure of medial duodenal wall defects with clips
from asymptomatic retroperitoneal air
immediate surgery. However, when the
may be challenging due to risk of clipping the
alone (which is not true perforation),
defect size < 15 mm consider perforation
ampulla and anatomic location
to life-threatening perforations with
closure with TTSC, OTSC
persistent pancreatic and biliary leaks Fully covered duodenal SEMS are also the Nasoduodenal drain to divert pancreatic and biliary
therapeutic option in nonperiampullary
secretions may be beneficial
into retroperitoneal or intraperitoneal
perforations
space
Peritonitis is a late finding associated
Asymptomatic patients with retroperitoneal air
with poor outcome
alone need no additional treatment
Abdominal pain, abdominal fullness, Small perforations (< 2 cm) can be closed
The success rate of endoscopic closure is higher
subcutaneous emphysema
with clips (TTSC or OTSC)
when the perforation is recognized and closed
during the same procedure, the quality of bowel
preparation is good, and there is no leakage of
intraluminal contents
Breathing deterioration and shock Clipping plus endoloop is an option to close Large vertical perforations should be closed from
symptoms suggest development of
large colonic defects
top to bottom, and horizontal perforations should be
tension pneumoperitoneum
clipped from left to right
Peritonitis and abscess formation are Endoscopic band ligation can also be useful
the consequence of intraluminal fecal
to treat colonic perforations
leakage

SEMS: Self-expanding metal stent; OTSC: Over-the-scope clip; TTSC: Through-the-scope clip; EVAC: Endoscopic vacuum- assisted closure; EMR:
Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; ERCP: Endoscopic retrograde cholangio-pancreatography.

Gastrointestinal leaks and
fistulas
Both acute and chronic leakage may be caused by
inflammatory or malignant processes, but one of
the commonest causes is an anastomotic leak after
gastrointestinal surgery. Postoperative leaks remain
a major clinical problem, responsible for significant
morbidity and a very high mortality, which may
[9]
exceed 60% when treatment is delayed . Early
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diagnosis and appropriate treatment are crucial to
reduce this mortality. Typical symptoms of leakage
of gastrointestinal contents into body cavities
(mediastinum, pleura, peritoneum) are: fever, a
systemic inflammatory response syndrome, septic
shock, increased levels of C-reactive protein and a
[10]
raised white blood cell count . Upper gastrointesti
nal radiography with water-soluble contrast (e.g.,
Gastrografin) confirms the leakage. Endoscopy allows
direct visualization of the lumen defect, its extension
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and the concomitant inflammation of surrounding
tissues. Direct visualization of the fistula orifice can
be facilitated by injecting methylene blue through an
external catheter.
The most efficient treatment for gastrointestinal
leaks remains controversial. Some authors suggest
aggressive therapy with surgical re-operation, while
others recommend conservative treatment with broadspectrum antibiotics, nasogastric tubes, parenteral
nutrition and adequate drainage. However, conventional
therapy is associated with a prolonged hospital stay,
[11]
increased costs and a mortality rate of up to 60% . In
the past decade, an increasing number of publications
has described endoscopic therapy for gastrointestinal
(GI) disruptions of different etiologies. The current
endoscopic management of leaks and fistulas includes
stent placement, endoclipping, application of tissue
[12,13]
sealants and suturing devices
. There are certain
requirements for the proper use of these techniques.
Tissue sealants and clip application are considered
the best therapeutic options for small defects, while
endoscopic stent placement should be used for
dehiscences ranging between 30% and 70% of the
lumen circumference. Larger disruptions should be
[10]
treated surgically . During the endoscopic procedure,
carbon dioxide insufflation is preferred because of
possible gas leaks into body cavities. To reduce septic
and respiratory complications, some cases will need
[2]
adequate mediastinal or pleural drainage . The
effectiveness of closure after endoscopic treatment
should be confirmed by imagining studies, including a
contrast study with Gastrografin.

CLIPPING TECHNIQUES
Through-the scope clips
[14]

Hayashi et al
reported the first use of clips in
gastrointestinal endoscopy in 1975. Endoscopic clips
were initially used primarily to treat gastrointestinal
bleeding. They are now used in many other situations,
to both treat and diagnose gastrointestinal tract
diseases. Non-hemostatic applications of endoscopic
clips include-the closing of perforations, fistulas and
postoperative gastrointestinal leaks; preventing postpolypectomy bleeding; marking lesions for further
surgical or fluoroscopic-guided therapy; attaching
feeding tubes; and fixing stents to prevent migration.
The various endoscopic clips and their delivery
systems differ in many properties relating to the size
and shape of the arms, the width of the opening span,
the possibility for rotation and clip reopening and
the pressure force of the closed arms. The clips are
available in preloaded and reloadable forms, and their
properties determine both the application time and
time of clip retention in the tissue. In general, throughthe scope clips (TTSC) can close luminal defects < 2
cm in size. However, for defects > 1 cm, a combined
technique using an endoloop and TTSC, or omental
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[1]

patching, are recommended . Applying of the clip
can be difficult when the tissue surrounding the defect
is inflamed or indurated. To enhance successful clip
application, gentle suction should be applied before clip
closing so that the edges of the defect are reversed
and approximated and more tissue is captured by the
[8]
clip arms .
A pooled analysis of 17 patients with acute,
intermediate and chronic esophageal wall defects
showed that endoclips closed esophageal perforations
[15]
ranging from 3 to 25 mm effectively . Gastric
perforation during endoscopic resection procedures
(EMR, ESD) can also be treated by endoclipping
[16]
as reported by Minami et al . In a retrospective
analysis, endoscopic closure was successful in 115/117
(98.3%) patients, and only 2 patients (whose endoclip
closure was unsuccessful) underwent emergency
surgery. Endoclipping of iatrogenic colonic perforations
has also been also investigated: in a series of 7598
colonoscopies, defects were effectively closed in 25/27
[17]
patients .

Over the scope clips

A single application of over the scope clips (OTSC)
can provide full thickness closure of open defects
up to 2-3 cm. The design of the device, commonly
known as the “bear claw” is fundamentally different
from that of TTS clips. The advantage of OTS over
TTS clips is their ability to close long-lasting leaks and
fistulas even when the tissue surrounding the defect
is inflamed or indurated. This is possible due to the
greater compressive force and tissue capture of the
OTS devices. Defects with everted edges can also
be effectively closed with OTSC. Two commercially
available and currently popular OTS clip systems are
the OTSC (OTSC, Ovesco Endoscopy AG, Tübingen,
Germany) and the Padlock clip (Aponos Medical Corp.,
Kingston, New Hampshire).

OTSC (Ovesco Endoscopy AG, Tübingen, Germany)

The OTSC System Set comprises an applicator cap
with a mounted OTSC clip, a thread, thread retriever
[18]
and a hand wheel for clip release . The transparent
applicator cap is mounted on the tip of the endoscope.
A thread is introduced into the working channel and
is fixed onto a hand wheel at the working channel
[19]
access port of the endoscope . The clip is made of
®
a biocompatible material, Nitinol , and can remain in
the body for a long time. Caps are available in three
different sizes suitable for almost all commercially
available endoscopes: 11 mm, 12 mm, and 14 mm.
There are two different depths of caps for grasping
more or less tissue during approximation. The clips
are available in three sizes adapted to the cap sizes.
There are also three different clip tooth shapes suitable
for different indications and tissues: (t) traumatic,
(a) atraumatic, and (gc) gastrostomy closure. The
traumatic (t) clip is more commonly used to close
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A

B

Figure 1 Over the scope clip closure of an esophageal perforation. A: Over the scope clip closure of the defect caused by thermal damage during cardiac surgery; B:
Endoscopy showing complete closure of the defect. Taken from Department of Gastroenterology and Internal Medicine, Medical University of Bialystok, Poland.

A

B

Figure 2 Boerhaave syndrome. A: Computed tomography scan showing the presence of air in the mediastinum; B: Over the scope clip closure of the perforation
and feeding tube placement. Taken from Department of Gastroenterology and Internal Medicine, Medical University of Bialystok, Poland.

fistulas and perforations, while the atraumatic (a) clip
is preferred to control bleeding. The approximation
of the gaping edges of a lesion, especially when the
tissue is indurated, can be facilitated by two dedicated
accessories, the OTSC Twin Grasper and the OTSC
Anchor. It is also possible to reload a second clip
onto an already mounted OTSC system using OTSC
Reloader. Note that the insertion of an endoscope with
preloaded clips may be difficult because the mounted
OTSC system increases the diameter of the endoscope.
After targeting the lesion, the tissue is aspirated
or pulled into the cap. By tightening the thread with
the hand wheel the OTSC is released and closes
itself to anchor firmly to the tissue (Figure 1). Before
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attempting to close the defect, we suggest performing
an endoscopy with a transparent distal attachment
(Figure 2) without the clip and attempting to aspirate
or grasp the edges of the defect to the cap with or
without any additional accessories. If the tissue cannot
be aspirated or grasped into the cap, there is a little
chance of the defect being effectively closed by the
OTS clip. Some authors have suggested that ablating
the tissue edges and areas surrounding the fistula
orifice with argon plasma coagulation, or abrading
them with the cytology brush, before closing the fistula
[20]
may help the defect to heal .
In a recent European multicenter prospective
cohort study of 36 consecutive patients with iatrogenic
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perforations (5 esophageal, 6 gastric, 12 duodenal, and
13 colonic), 89% of patients had successful closures
without adverse events after OTSC application. The
primary end point, successful closure, was defined as
endoscopic closure without leakage and the absence of
[21]
adverse events within 30 d of the procedure .
Although previous studies have demonstrated a
high rate of early fistula closure using OTSC, data on
long-term fistula closure are scant. A retrospective
review of all patients who underwent OTSC placement
at the Mayo Clinic Rochester and Virginia Mason
Medical Center to close chronic fistulas demonstrated
a high initial technical success rate (42/47 patients,
89%), which was defined by a lack of contrast
[22]
extravasation immediately after OTSC placement .
Nonetheless, a recurrent fistula, defined by the
recurrence of symptoms and/or re-demonstration of
fistula after initial success occurred in 19/41 (46%)
patients at a median of 39 d (IQR: 26-86 d). Only
25/47 (53%) patients followed for a median duration
of 178 d (IQR: 63-326) demonstrated delayed clinical
success, despite frequent clip retention.

Padlock-G clip (Aponos Medical Corp., Kingston, New
Hampshire)

Padlock clip is another commercially available system,
and consists of a clear plastic cap with a preloaded
clip mounted at the tip of the endoscope, a trigger
wire that runs alongside the endoscope and a control
handle. The feasibility, reproducibility, and efficacy of
this system has been investigated in animal studies
with promising results; however, data regarding its
[23]
clinical efficacy are scant .

Endoscopic suturing
Overstitch endoscopic suturing system (Apollo
Endosurgery, Austin, Tex)

Endoscopic suturing techniques allow for the closing
of larger defects; however, it is technically much
more difficult than clip application. The OverStitch
Endoscopic Suturing System is currently approved for
clinical use. The system provides for the approximation
of tissues by full-thickness stitches. The device
requires a double channel therapeutic endoscope (GIF
2T160, Olympus Corp. Tokyo, Japan). The main parts
of the system are: the end cap, the needle driver
handle, and an anchor exchange catheter. The end
cap is mounted on the distal tip of the endoscope.
The tissue approximation and suture placement may
be facilitated by a tissue-retracting helix device or
grasping forceps. During the procedure, additional
assist components can be inserted through the
working channel of the endoscope. The OverStitch
Endoscopic Suturing System allows interrupted or
continuous stitches without needing to remove the
device. Both absorbable and non-absorbable sutures
are available.
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Endoscopic suturing has been used to close both
acute perforations and chronic fistulas. Two studies
demonstrated a high rate of complete primary closure
[24,25]
of gastro-gastric fistulas after bariatric surgery
.
However, the long-term results of large (> 2 cm) chronic
fistula closure with this technique are disappointing.
[26]
Kantsevoy et al reported that closing large post-ESD
defects, to prevent delayed complications, is tech
nically feasible and cost effective with the OverStitch
endoscopic suturing device. A case series reports the
use of endoscopic suturing to fix esophageal stents and
[27]
prevent migration .

SELF-EXPANDING METAL AND PLASTIC
STENTS
Stents are commonly used as a palliative treatment
for malignant esophageal or colonic strictures.
However, recent data suggest that the application of
endoscopic stents - either fully (FSEMS) or partially
covered (PSEMS) self-expanding metal stents, or
self-expanding plastic stents (SEPS) - is effective,
minimally invasive therapy for GI disruptions, including
post-surgical leaks, fistulas and perforations. Though
not approved by the FDA for these benign disorders,
[3,28-30]
many studies confirm that stents are effective
.
Partially or fully covered SEMS and SEPS effectively
seal of GI disruptions, while the stent radial force
prevents their migration. It allows outflow of the fluid
from the defect to be temporarily blocked. The major
advantage of stent placement is the immediate control
of leaks, protection of the esophageal wall during
mucosal healing, possibility of early oral feeding and
[31]
prevention of stricture formation . Uncovered and
partially covered stents have a lower tendency to
migrate. On the other hand tissue in- and overgrowth
through the stent hampers removal of the device.
Fully covered stents are ideal for controlling leakage
but are more prone to dislodge spontaneously. It is
extremely important to assure proper drainage of a
leakage site, and especially a perforation, because
the implantation of a fully covered stent may prevent
adequate drainage of a cavity, leading to sepsis, as
well as preventing the GI wall leak. A recent analysis
of unsuccessful esophageal stent placement in the
treatment of gastrointestinal leaks identified four
factors that significantly reduce the effectiveness
of therapy: (1) leak located in the proximal cervical
esophagus; (2) stent traversing gastroesophageal
junction; (3) esophageal injury longer than 6 cm; and
(4) anastomotic leak associated with a more distal
[32]
conduit leak . Despite all the known limitations, stent
placement appears to be a promising treatment for GI
wall disruptions.
SEPSs are an effective, safe and relatively noninva
[30]
sive treatment for esophageal leaks and perforations .
Polyflex (Boston Scientific, United States) is the most
commonly used SEPS for this purpose. It is made
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of polyester, fully covered with silicone, and with a
flared proximal end to prevent migration. It has some
advantages over a SEMS for treating of GI disruptions:
the soft material provides secure and efficient force to
close the leakage, and the silicone membrane prevents
tissue ingrowth. This facilitates easy repositioning
and removal of the stent. The disadvantages of SEPS
placement area complicated loading and delivery
device, the large diameter of the provider and a high
[30]
stent migration rate . Polyflex stents have been used
for 15 years to manage esophageal disruptions. The
high effectiveness of SEPS for treating esophageal
[2,30,33-35]
leaks and perforations is well documented
. The
rate of successful stent placement in a correct position
varies between 90% and 100%, and the healing rate
[30]
is also very high (80%-100%) . Moreover, compared
with conservative treatment, stent placement resulted
in earlier oral intake, a shorter hospital stay and lower
[2]
in-hospital mortality . The optimal timing of stent
placement is not well established, but most of the
studies suggest insertion of the stent immediately
after the diagnosis of a GI disruption. The diameter of
the stent depends on the localization of GI disruption.
Generally, stents for cervical leaks should have a
smaller diameter (18-23 mm) than those for postgastrectomy leaks (21-25 mm), to avoid excessive
[33]
tracheal compression and foreign body sensation .
Stents should be removed when healing of the
disruption is confirmed by water-soluble contrast
examination, endoscopy, and resolution of clinical
symptoms. In most studies, SEPSs were removed
within 28 d. The most common complication, stent
migration, was observed in 8%-23% of cases in the
short -term and in almost 40% of cases after long-term
[30,33-35]
follow-up
. The high frequency of stent migration
results from the smooth outer surface of Polyflex and a
lack of concomitant stenosis at the site of the leak. This
complication may be avoided by placing large-diameter
stents, or by using endoscopic clips at the stent margin
to anchor the prosthesis to the gastrointestinal wall.
Previously, self-expanding metal stents were not
considered first-line therapy for benign gastrointestinal
disorders because of their relatively high migration
rate in the absence of stenosis and possibility of
tissue in- and overgrowth in uncovered parts of the
[36,37]
prosthesis
. The stent material influences the
®
extent of tissue hyperplasia, with metal or Nitinol
stents causing more hypertrophy than plastic stents.
Recent reports showed that SEMSs are promising tool
for the management of GI disruptions, with a high rate
[28,31,38]
of healing and relief of symptoms
. Moreover, this
prosthesis is relatively easy and safe to use. In one of
the largest studies, which included 88 patients with
upper GI leaks, fistulas, and perforations, Swinnen
[38]
et al
demonstrated the effectiveness of partially
covered SEMS. The stents were properly placed in all
patients (average 1.74 PSEMSs per patient) for an
average of 128.6 d, with the lekage resolved in 78%
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of patients after primary and 84% after repeated
endoscopic treatment. Spontaneous migration occurred
in 11% of stentings. Minor (dysphagia, hyperplasia,
rupture of stent coating) and major complications
(bleeding, perforation, tracheal compression) occurred
in 21% and 6% of patients, respectively. PSEMSs
were successfully removed from 96% of patients.
To facilitate stent removal, the authors suggested
rat-tooth forceps, provided that there was only mild
tissue hyperplasia at the end of prosthesis. In the
case of moderate to severe hyperplasia, inserting
a SEPS (Polyflex) inside the SEMS for 1-3 wk can
induce necrosis of the hypertrophic tissue and facilitate
removal of the stent. Alternatively, ingrown tissue can
be treated with argon plasma coagulation to expose
the metal mesh of the stent. To prevent excessive
tissue in- and overgrowth most experts recommend
[31,38,39]
stent removal 6 to 10 wk after treatment
.
Two relatively large retrospective studies assessed
the usefulness of different types of stents (FSEMS,
[29,31]
PSEMS, SEPS) in the treatment of GI disruptions
.
A total of 52 and 54 patients received 83 and 132
stents, respectively, to treat anastomotic leaks, fistulas
and perforations. Successful stent placement was
observed in 99%-100% of cases. Clinical success,
defined as closing the leakage, was achieved in
76%-83% of patients, with no differences between
partially and fully covered metal or plastic stents.
Stent migration occurred more frequently with FSEMS
(20%), than with SEPS (14%) or PSEMS (10%),
while tissue in- and/or overgrowth occurred only with
[31]
PSEMS (11%) . The authors identified two factors
associated with the successful primary closure of a
GI disruption: a shorter time between diagnosis of
esophageal leakage and stent insertion and a smaller
[29]
luminal opening diameter . This is in agreement with
a previous study that showed a 100% success rate
after immediate closure of a perforation, compared
with 50% when the SEMS was inserted after one
[38]
month . In summary, both plastic and metal SEMS
offer a favorable alternative to surgery or conservative
management for the treatment of benign upper GI
leaks, fistulas and perforations.
Lower GI fistulas and anastomotic leaks after
colorectal resection are a serious clinical problem.
SEMSs are less often used to treat lower GI leakage
because the more vigorous motility of the colon
increases the probability of proximal or distal stent
migration. This prevents closure of the leakage and
increases the risk of procedure-related complications
such as obstruction, perforation, and bleeding.
[3]
Recently, Lamazza et al presented the results of
placing mostly full-covered SEMS in patients with
symptoms of lower GI leakage after colorectal surgery.
The area of leakage included at least 30% of the
anastomotic circumference. Stents were successfully
placed in all patients. During the observation period
(mean 2 years) the leakage resolved in 84% of
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patients treated with FSEMS. Based on limited data,
SEMS placement seems to be an attractive alternative
for some patients with symptomatic leakage after
colorectal resection.

OTHER TECHNIQUES
EBL

TISSUE SEALANTS
Tissue sealants have been used for more than 20
[40]
years with a good results for GI disruptions . The
most common tissue sealants in clinical use are
[12,41,42]
biologic (fibrin) glue and cyanoacrylate
. The
two main components of fibrin glue are human
fibrinogen reconstituted with aprotinin and thrombin
reconstituted with calcium chloride. They are applied
via a double lumen catheter to form a fibrin cloth (in
a process mimicking blood coagulation) in the area of
the leak. Fibrin glue requires endoscopic removal of
tissue remnants and pus because it is most effective
when applied to a dry area. N-butyl-2-cyanoacrylate
(Histoacryl, B. Braun, Germany) is the most popular
cyanoacrylate used to treat leakage. Once applied,
cyanoacrylate polymerizes after contact with moisture,
causing tissue necrosis and an inflammatory response.
It is not affected by gastric or pancreatic enzymes.
Moreover, it has antibacterial properties and can be
[12,42]
applied to an infected site
. Usually, before applying
a sealant, the mucosa around the opening is deepithelialized (with a cytology brush or argon plasma
coagulation) to promote inflammation and to facilitate
[13]
healing of the fistula .
Tissue sealants are applied as monotherapy or in
combination with other endoscopic techniques (i.e.,
clips, Vicryl mesh). In one of the most recent studies,
endoscopic application of tissue sealants successfully
[12]
closed anastomotic leaks in 61 of 63 patients . The
median total volume of fibrin glue applied was 12
ml (average of four sessions required) and 1.5 ml
for cyanoacrylate (average of two sessions). Similar
favorable results were obtained in other studies,
with successful fistula sealing rates ranging between
37% and 87% after fibrin glue was applied over 2.5
[43,44]
to 4 sessions
. High-output GI fistulas require
multimodal therapy that combines sealants with other
methods. For large diameter upper gastrointestinal
[41]
fistulas, Böhm et al
reported promising results by
combining Vicryl mesh and fibrin glue. Successful
fistula healing was obtained in 87% of patients, with
re-epithelialization of the lesion within a mean of 44
d. Another therapeutic approach for large diameter
fistulas is a combination of fibrin glue and stent
[45]
placement . A recent study compared the safety and
efficacy of endoscopic therapy (including the use of
tissue sealants in 14 of the 20 patients) with surgical
[46]
methods . Endoscopic therapy resulted in a very
high technical success rate (95%) and lower frequency
of leakage at the end of the study, compared to
surgical treatment (17.5% vs 58.3%). In conclusion,
tissue sealants are a valuable tool for the successful
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treatment of postoperative gastrointestinal leaks and
fistulas.

Two case series investigate endoscopic band ligation
of iatrogenic gastric and colonic perforations following
[47,48]
failed endoclip closure, with promising results
. This
technique should be taken into account as a salvage
therapy when clip application is technically difficult.

Cardiac septal defect occluder

The Amplatzer Septal Occluder (AGA Medical Group,
Plymouth, MN) is a device developed for the occlusion
of atrial septal defects but has also been used off-label
[19]
to close GI fistulae . The device consists of two self®
expandable disks made of Nitinol mesh covered by
polyester fabric, connected by a short waist that has
various diameters. Before implanting the occluder, the
size of the defect should be measured e.g., by inflating
a balloon under fluoroscopic guidance. The 70-cm
delivery system is too short to deploy the device
through the scope, but the occluder can be implanted
under direct visualization, by passing it alongside the
endoscope over an endoscopically placed guidewire.
Gastric leaks and esophagotracheal fistulae have
been successfully closed with the cardiac septal defect
[49,50]
[51]
occluder
. Melmed et al
reported successful
endoscopic management of refractory gastrocolonic
fistula in a two-step endoscopic approach using the
cardiac septal defect occluder with cyanoacrylate
glue and a CardioSEAL septal repair implant with
cyanoacrylate glue and hemoclips.

Endoscopic vacuum assisted closure

Endo-SPONGE: Endoluminal vacuum therapy is
a minimally invasive method to treat anastomotic
leakage, especially following rectal surgery. EndoSPONGE consists of an open-pored polyurethane
sponge and a suction tube connected to a wound
drainage system. The sponge can be cut to the size
of the wound cavity. After a diagnostic endoscopy, an
endoscope and overtube are inserted into the wound
cavity. The sponge is placed into position and released
using the pusher. Several sponges can be used during
one session, depending on the size of the wound
cavity. The sponge allows a gentle, continuous suction
to be transferred evenly over all tissues in contact
with the sponge surface and provides appropriate
drainage with a gradual reduction in the size of the
wound cavity. One disadvantage is the need to change
the sponge every 48-72 h, until the wound cavity has
healed.
[52]
Arezzo et al
evaluated the long-term efficacy
of endoscopic vacuum therapy for the treatment of
anastomotic leaks after colorectal surgery. In this
retrospective review, endoscopic vacuum assisted
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closure (EVAC) was applied in 14 patients with an
overall success rate of 79%. The treatment had
a median duration of 12.5 sessions (range: 4-40
sessions) and a median time to complete healing was
of 40.5 d. Another retrospective analysis of 71 patients
compared stent placement (SEMS or SEPS) with EVAC
[53]
for the nonsurgical closure of intrathoracic leakage .
The overall closure rate was significantly higher in the
EVAC group (84.4%) compared with the SEMS/SEPS
group (53.8%). Based on the available studies, EVAC
seems to be an effective and interesting alternative to
other methods for the treatment of anastomotic leaks.

CONCLUSION
The appropriate management of patients with gas
trointestinal leaks, fistulas and perforations requires
cooperation between the gastroenterologist, surgeon
and radiologist. The increasing number of endoscopic
procedures with a high risk of perforation and the
increasing incidence of leakage associated with
bariatric operations necessitate minimally invasive
treatment of these complications. Endoscopic closure
techniques are a promising alternative to surgical
treatment. Nevertheless, there is a need for further,
large, randomized, controlled trials comparing the
clinical efficacy of the different endoscopic techniques,
as well as the outcomes of endoscopic and surgical
management of gastrointestinal wall defects. With the
introduction of new endoscopic devices, we expect
the results of endoscopic treatment of gastrointestinal
perforations, leaks and fistulas improve significantly.
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Abstract
The incidence and mortality of gastric cancer remains
high in East Asian countries. Current data suggest that
Helicobacter pylori (H. pylori ) eradication might be more
effective for preventing gastric cancer in young people
before they develop atrophic gastritis and intestinal
metaplasia. However, the long-term effect of H. pylori
eradication on metachronous cancer prevention after
endoscopic resection (ER) of early gastric cancer
remains controversial, with some discordance between
results published for Japanese and Korean studies.
The detection ability of synchronous lesions before ER
and eradication of H. pylori directly influences these
results. After eradication, some gastric cancers are
more difficult to diagnose by endoscopy because of
morphologic changes that lead to a flat or depressed
appearance. Narrow-band imaging with magnifying
endoscopy (NBI-ME) is expected to be useful for
identifying metachronous cancers. However, some
gastric cancers after eradication show a “gastritislike” appearance under NBI-ME. The gastritis-like
appearance correlates with the histological surface
differentiation of the cancer tubules and superficial
non-neoplastic epithelium atop or interspersed with
the cancer. Till date, it remains unclear whether H.
pylori eradication could prevent progression of gastric
cancer. Until we can establish more useful endoscopic
examination methodologies, regular endoscopic
surveillance of high-risk groups is expected to be the
most beneficial approach for detection.
Key words: Gastric cancer; Helicobacter pylori ; Atrophic
gastritis; Narrow-band imaging; Magnifying endoscopy;
Endoscopic resection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Although Helicobacter pylori (H. pylori )
eradication may prevent the development of gastric
cancer, tumors can occur despite successful eradication.
The characteristics and management of these cancers
have therefore become major clinical issues. Because
of indistinct borderline or surface structure, it is often
difficult to diagnose gastric cancer using narrow-band
imaging with magnifying endoscopy after eradication.
We review the effect of H. pylori eradication on
metachronous cancer prevention, endoscopic and
histopathological findings of gastric cancers discovered
after eradication, and discuss effective management
strategies for early gastric cancer.
Kobayashi M, Sato Y, Terai S. Endoscopic surveillance of
gastric cancers after Helicobacter pylori eradication. World J
Gastroenterol 2015; 21(37): 10553-10562 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i37/10553.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i37.10553

INTRODUCTION
Despite declining incidence and mortality worldwide,
gastric cancer is the third leading cause of cancer
death, and continues to have a high mortality rate
with nearly three-quarters of a million people dying
[1]
annually . Almost one million new cases of gastric
cancer were estimated to have occurred in 2012,
making it the fifth most common malignancy globally
after cancers of the lung, breast, colorectum, and
prostate. Of concern, China, Japan, and Korea,
account for approximately 60% of all cases, with high
incidences also present in Central and Eastern Europe,
and in Central and South America.
The association between Helicobacter pylori (H.
pylori) infection and the development of gastric
[2]
cancer is well established by epidemiological and
[3,4]
experimental animal studies . In 1994, the Inter
national Agency for Research on Cancer, a subsidiary
of the World Health Organization, categorized H. pylori
[5]
as a group 1 carcinogen for gastric cancer . H. pylori
infection is the most important risk factor for gastric
adenocarcinoma, causing progressive damage to the
gastric mucosa that may eventually result in atrophic
gastritis and the subsequent intestinal metaplasia that
[6]
is necessary for the development of gastric cancer . It
is now widely accepted that H. pylori infection accounts
for more than 95% of gastric cancers, with the
prevalence of strictly defined H. pylori-negative gastric
cancer being extremely low in Japanese patients
[7,8]
(0.42% or 0.66%) .
Recently, the use of H. pylori eradication therapy
[9,10]
has spread worldwide
, and in 2013, the Japanese
health insurance system approved eradication therapy
in patients with H. pylori gastritis. Although eradication
is expected to help prevent the development of gastric
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cancer in these patients, cancers have sometimes been
discovered after successful eradication. Along with
the increasing use of H. pylori eradication therapy, the
incidence of gastric cancer after H. pylori eradication
has also been increasing.
This review therefore aims to outline effective
management strategies for gastric cancer, focusing
on East Asian countries where the incidence gastric
cancer is still high. We review the effect of H. pylori
eradication on metachronous cancer prevention and
the endoscopic and histopathological findings of gastric
cancers discovered after eradication, before discussing
how gastric cancer can be detected at an early stage.

H. pylori Eradication for Primary
Gastric Cancer Prevention
The argument for H. pylori eradication as an effective
means of gastric cancer prevention originated
from epidemiological and interventional studies in
[2-5]
[6]
animals . In a clinical setting, Uemura et al also
reported that, in patients who were prospectively
followed-up for a mean of 7.8 years, gastric cancers
developed only in H. pylori-infected patients. In a
subgroup analysis of their randomized controlled trial
[11]
(7.5-year follow-up), Wong et al
reported that H.
pylori eradication decreased the development of gastric
cancer only in those without atrophic gastritis and
intestinal metaplasia. Subsequently, a meta-analysis
of six randomized controlled trials from China, Japan,
and Colombia confirmed that successful eradication
reduced the risk of gastric cancer. In the pooled
analysis of 6695, largely Asian, participants followed
for 4-10 years, the relative risk (RR) for gastric
cancer following successful eradication therapy was
[12]
just 0.65 (95%CI: 0.43-0.89) . A recent Taiwanese
study considered the role of mass eradication of
[13]
H. pylori infection in the general population . The
authors compared the incidence of gastric cancer
historically between approximately 5000 H. pyloriinfected patients over 30 years old who received
eradication therapy (2004-2008) with those who did
not (1995-2003). They found significant effectiveness
in reducing the incidence of gastric atrophy with
chemoprevention (77.2%; 95%CI: 72.3%-81.2%),
but found no significant reduction in intestinal
metaplasia. The effectiveness of eradication therapy
in reducing gastric cancer incidence was 25% (p =
0.21, RR = 0.753; 95%CI: 0.37-1.52). Further longterm follow-up study was therefore needed to verify
whether meaningful reductions in the incidence of
gastric cancer could be achieved.
The available data suggest that H. pylori eradication
is an appropriate primary chemoprevention strategy in
a subset of subjects. For example, H. pylori eradication
might be more effective in preventing gastric cancer
among younger people, before the development of
atrophic gastritis and intestinal metaplasia. Indeed,
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Table 1 Incidence of metachronous cancer after successful Helicobacter pylori eradication
Ref.

Country

Subject

Study design

Follow-up
(yr)

Synchronous Metachronous
rate

Incidence
(%)

Effect, OR (95%CI)

Uemura et al[15], 1997
Fukase et al[16], 2008

Japan
Japan

65/67
272/272

NR
RCT

4
3

6 (9%)
ND

> 0 yr
> 0 yr

0.0/9.0
3.3/8.8

ND

> 1 yr

8.5/14.3

2.2 (2-5)
3 (2.0-4.5)
2.3

110 (9%)
ND
ND

> 1 yr
> 0 yr
> 1 yr

9.1/5.7
2.3/3.9
9.8/23.1

Retrospective

2.2 (1.4-2.5)

ND

> 1 yr

4.7/11.4

485/182
214/69

Retrospective
Retrospective

5 (2-11.4)
3.4 (3-5)

ND
ND

> 6 mo
> 1 yr

7.0/13.2
4.7/14.5

49/107
506/169

Retrospective
Retrospective

4.3 (1-11.3)
3.3

5 (3%)
15%

> 1 yr
> 1 yr

4.1/15.0
4.2/5.9

Effective, P = 0.011
Effective, 0.35 (0.16-0.78)
P = 0.009
Non-effective,
1.71 (0.72-4.03)
Non-effective
Non-effective, P = 0.15
Non-effective,
0.36 (0.08-1.70) P = 0.189
Effective, HR = 0.143,
P = 0.008
Effective, HR = 1.9, P = 0.01
Effective, 2.3 (1.1-4.7)
P = 0.021
Effective, P = 0.006
Non-effective, HR = 0.67,
P = 0.29

Maehata et al[17], 2012

Japan

177/91

Retrospective

3 (1.1-11.1)

Kato et al[18], 2013
Choi et al[19], 2013
Seo et al[20], 2013

Japan
South Korea
South Korea

263/105
439/441
61/13

Retrospective
RCT
Retrospective

Chon et al[21], 2013

South Korea

85/44

Bae et al[22], 2014
Kwon et al[23], 2014

South Korea
South Korea

Kim et al[24], 2014
Jung et al[25], 2015

South Korea
South Korea

Number of subjects with/without eradication. NR: Non-randomized; RCT: Randomized controlled trial; Follow-up: Median (range); ND: Not described;
Metachronous: Metachronous cancer classified as a second lesion within 1 year (> 0 year) or after 1 year (> 1 year); Incidence: Percentage of metachronous
lesions with/without eradication including failure; OR: Odds ratio; CI: Confidence interval; HR: Hazard ratio.

the Japanese health insurance system expanded
the application of medical insurance for H. pylori
eradication to all patients with chronic gastritis.
However, H. pylori eradication in patients who have
already developed advanced pre-neoplastic lesions is
probably unable to prevent gastric cancer development
completely.

H. pylori Eradication for
metachronous cancer prevention
Current guidelines recommend H. pylori eradication
after endoscopic resection (ER) of early gastric
cancer to prevent or reduce the development of
[10,14]
metachronous gastric cancer
. However, the longterm effect of H. pylori eradication on the prevention of
metachronous cancer after ER remains controversial.
[15]
Uemura et al
first reported in an observational
study that H. pylori eradication after ER reduced
the occurrence of new gastric cancer. Thereafter,
[16]
Fukase et al
conducted a multi-center, open-label,
randomized controlled trial among H. pylori-positive
gastric cancer patients who underwent ER. They
reported that the odds ratio (OR) for metachronous
gastric cancer was 0.35 (95%CI: 0.16-0.78; p = 0.009)
for the group receiving H. pylori eradication therapy
compared with the control group. This served as the
basis for recommending H. pylori eradication after
ER in Japan. However, two subsequent retrospective
studies in Japan have shown that, during long-term
follow-up, H. pylori eradication does not reduce the
incidence of metachronous gastric cancer in patients
who underwent ER for early gastric cancer. Although
[17]
Maehata et al
reported that H. pylori eradication
seemed to reduce the incidence of metachronous
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gastric cancer at the 5-year follow-up point, the effect
disappeared after 5 years of follow-up. In addition,
[18]
Kato et al
reported that H. pylori eradication did
not reduce the development of metachronous gastric
[19]
cancer throughout the follow-up period .
A recent Korean open-label prospective study
reported that H. pylori eradication after ER did
not reduce the incidence of metachronous gastric
[19]
cancer . During a median follow-up period of 3 years
in 901 patients, 10 patients who received H. pylori
eradication and 17 controls developed metachronous
cancer (p = 0.15). Many other retrospective studies
from Korea have also reported different outcomes
from H. pylori eradication after ER with respect to the
[20-25]
incidence of metachronous gastric cancer
.
An important issue is therefore why the studies
from Japan and Korea should report such different
results. The reason might be related to differences in
study design; for example, Table 1 summarizes the
studies into the incidence of metachronous cancer
after successful H. pylori eradication together with
their study designs. Indeed, several points contributed
to the study results.
First, the definitions of metachronous cancer that
were used were not consistent. The study by Fukase
[16]
et al
considered lesions detected within 1 year
after ER as metachronous cancer, while most of other
studies excluded patients who had a new lesion within
1 year. Indeed, the latter approach is probably ideal
because the development of secondary lesions within
1 year generally implies that a synchronous lesion was
overlooked during the initial procedure. Nevertheless,
this issue makes it difficult to compare these study
results directly. For example, Figure 1 shows a Kaplan[26]
Meier analysis of the data for our institute . When
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A

B

0.6

0.6

Eradication group
H. pylori positive, non-eradication group

0.5

P = 0.019

0.4

0.4

(Log-rank test)

0.3

0.3

0.2

0.2

0.1

0.1

0.0

0.0
0.0

2.5

5.0

Eradication

7.5

10.0

12.5

P = 0.525
(Log-rank test)

0.0

t/yr

Number at risk

Eradication group

H. pylori positive, non-eradication group

0.5

2.5

5.0

7.5

10.0

12.5

t/yr

Number at risk

184

87

8

Eradication

184

87

8

Non-eradication 140

85

3

Non-eradication 140

85

3

Figure 1 Kaplan-Meier analysis of the cumulative incidence rate of metachronous cancer in patients with and without Helicobacter pylori eradication
therapy after endoscopic resection of early gastric cancer (adapted from our institute data[26]). A: When second lesions detected within 1 year after endoscopic
resection (ER) were handled as metachronous cancers, the detection rate in the eradication group was reduced significantly (P = 0.019, Log-rank test) compared with
the non-eradication group; B: In contrast, when second lesions were defined as overlooked synchronous cancers and excluded from the metachronous cancer group,
there was no significant difference between the two groups.

second lesions detected within 1 year after ER were
handled as metachronous cancer, the detection rate
in the eradication group was reduced significantly
compared with that of the persistent H. pylori infection
group. However, when these second lesions were
excluded as synchronous cancers, there was no
difference between the two groups. Although the
overlooked synchronous lesions would usually be
detected 1-2 years after ER, the study of Fukase
[16]
et al
revealed that metachronous lesions were
detected 6-12 mo only in the non-eradication group,
with no overlooked second lesions in the eradication
group. These differences may be due to the effect of
eradication therapy on the endoscopic appearance of
second lesions. That is, H. pylori eradication therapy
can make endoscopic diagnosis difficult by leaving
an indistinct border and can obscure cancerous
appearances. If eradication therapy influences tumor
morphology, this may affect the tumor discovery rate.
At present, researchers can only evaluate the discovery
rate of gastric cancer by endoscopic examination, and
not the true occurrence.
Second, the timing of H. pylori eradication therapy
might influence the results between two randomized
[19]
studies. The study of Choi et al
used a scheduled
eradication therapy within 2 wk after ER. In contrast,
[16]
Fukase et al formed two groups, as follows: a newly
diagnosed group that received immediate eradication
therapy after ER, including those with a secondary
lesion detected within 1 year; and a post-ER group
that was followed for several years before receiving
eradication therapy, excluding those who developed
another gastric cancer before entry. In the subgroup
analysis, the authors confirmed that the eradication
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effect was only seen in the post-ER group (RR = 0.27;
95%CI: 0.09-0.79) and not in the newly diagnosed
group (RR = 0.46; 95%CI: 0.16-1.33). Due to the
comparable study design, the data for the newly
diagnosed group were comparable to those of Choi
[19]
[16]
et al . Therefore, the analysis by Fukase et al
suggests that eradication was effective in patients
with a single cancer lesion after excluding those with
multiple lesions. If patients with multiple cancers have
more severe risk factors, such as severe mucosal
atrophy or intestinal metaplasia, it is reasonable to
assume that the effect of eradication would be limited
to patients with relatively low risk.
Third, the accuracy of endoscopic examination has
a direct influence on the study results. For example,
the incidence of synchronous lesions discovered before
ER can be used to evaluate the accuracy of endoscopic
examination, with some synchronous lesions poten
tially being overlooked and detected after 1 year or
later during surveillance endoscopy. If the incidence
of synchronous lesions is low, then second lesions can
more frequently be detected as a metachronous cancer
in the follow-up study. It is therefore unfortunate
that the incidences of synchronous lesions discovered
at the initial ER were not described in most of the
previous reports (Table 1). Gastric cancer generally
[27]
has a long natural course , with a relatively long
[28]
[29]
doubling time of 1.6-9.5
or 1.4 years . Therefore,
if a synchronous lesion was slow-growing and
overlooked during the initial procedure, it is possible
that the lesion could be discovered over 5 years later.
There are many reports about synchronous multiple
gastric cancers among the patients treated by ER, with
[15,18,30-37]
an incidence ranging from 2.0% to 19.2%

10556

October 7, 2015|Volume 21|Issue 37|

Kobayashi M et al . Endoscopic gastric cancer surveillance after eradication
Table 2 Incidence of multiple gastric cancers after endoscopic resection of primary early gastric cancer n (%)
Ref.
Arima et al[30], 1999
Nasu et al[31], 2005
Nakajima et al[32], 2006
Kobayashi et al[33], 2010
Han et al[34], 2011
Kato et al[18], 2013
Kim et al[35], 2013
Boda et al[36], 2014
Kosaka et al[37], 2014

Country

Subject

Follow-up (yr)

Synchronous cancers

Metachronous cancers

Japan
Japan
Japan
Japan
South Korea
Japan
South Korea
Japan
Japan

76
143
633
234
176
1258
602
357
438

7
13.1 (median 4.8)
13.9 (mean 4.4)
19.6 (median 5.0)
4
6 (mean 2.2)
ND
9.5 (median 4.4)
9.8

5 (6.6)
16 (11.2)
58 (9.2)
45 (19.2)
7 (4.0)
110 (8.7)
12 (2.0)
50 (14.0)
45 (10.2)

6 (7.9)
20 (14.0)
53 (8.2)
30 (12.8)
9 (5.1)
65 (5.2)
ND
39 (10.9)
34 (7.8)

Number of subjects without eradication. ND: Not described; Synchronous cancers: Second gastric cancers discovered within 1 yr after the initial endoscopic
resection; Metachronous cancers: Second gastric cancers discovered 1 yr or later from the initial endoscopic resection.

(Table 2). In these reports, there is a consensus that
cancers detected within 1 year after the initial ER
should be regarded as “missed” synchronous cancers.
Our rate of synchronous cancers was highest (19.2%)
in the previous studies. In addition, we reviewed
pre-ER pictures, which detected 22.2% (8/36) of
metachronous (i.e., missed synchronous) cancers.
Therefore, the accurate detection rate of synchronous
[33]
cancer was more than 20% at our institution ,
although Niigata is a prefecture with a particularly high
[38]
level of gastric cancer mortality .
Fourth, the study results depend on the followup time of endoscopic surveillance. In a multivariate
[17]
logistic regression analysis, Maehata et al
reported
that a follow-up time longer than 5 years was an
independent risk factor for metachronous gastric
cancer. Considering the relatively long doubling time
[27-29]
of early gastric cancer
, follow-up times longer
than 5 years are needed for reliable study. To date,
short follow-up studies seem to reveal that H. pylori
eradication inhibits the growth of existing gastric
cancer rather than inhibiting new occurrences. We
should be aware of this influence of eradication on the
endoscopic detection of gastric cancer.
A recent systematic meta-analysis demonstrated
the beneficial effects of H. pylori eradication. Using the
data from 13 trials and 3 prospective trials, the ORs
were 0.42 (95%CI: 0.32-0.56) in the eradication group
[39]
when compared with the control group . Therefore,
H. pylori eradication therapy should be recommended
for patients who have undergone ER of gastric
cancers. However, regular surveillance endoscopy is
also recommended for the early detection of common
metachronous cancers.

Endoscopic findings of gastric
cancers after H. pylori
eradication
Gastric cancers detected after eradication are
typically reported to be small in size, to have less
cell proliferation, to have flat or depressed-type
macroscopic features, and to have a gastric or gastric-
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[40-42]

predominant mucin phenotype
. Because most
of these lesions were detected in regular surveillance
endoscopy, they might be expected to be small and
to have a lower grade of histological atypia and cell
[43]
proliferation. Together with Ito et al , we previously
investigated the morphological changes in gastric
[44]
cancer following H. pylori eradication
reporting
that after a short follow-up period, some of the
tumors developed a depressed appearance. A recent
report concerning the morphologic changes in gastric
adenomas after eradication also revealed that 12
lesions (44%) showed macroscopic and histologic
regression at an average of 19.9 mo after eradication
[45]
therapy . These depressed-type macroscopic
features were relatively difficult to discern through
ordinary endoscopic observation. Even if the true
occurrence of new cancer remained unaffected, the
clinical incidence of metachronous cancer or adenoma
would be influenced by the eradication effect. A
representative case of gastric cancer that developed
flat-type macroscopic features after eradication
[46]
therapy is shown in Figure 2 .

Magnifying Narrow-Band Imaging
of Early Gastric Cancers after H.
pylori Eradication
Narrow-band imaging with magnifying endoscopy
(NBI-ME), a recently developed advanced endoscopic
imaging technology, is recommended for the accurate
diagnosis of gastric cancer. NBI-ME and other imageenhanced endoscopy techniques are thought to be
useful when inspecting minute or occult metachronous
gastric cancer. However, a potential pitfall is that
NBI-ME may not be useful for the early detection of
gastric cancers after H. pylori eradication therapy.
We should therefore understand the endoscopic and
histopathological characteristics of theses lesions.
[43]
In a previous report by Ito et al , non-neoplastic
epithelium covered the cancerous tissue after
eradication. In addition, using Ki-67 immunohisto
chemistry, we have demonstrated surface differentiation
in approximately 40% of gastric cancers after
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A

B

Figure 2 Gastric adenoma detected before 4 years with a granular appearance (A) and this lesion became flat and the granules disappeared after
successful Helicobacter pylori eradication therpy (B). It was difficult to identify the border (arrows) by chromoendoscopy. After endoscopic submucosal dissection,
the histological diagnosis was adenocarcinoma[46].

A

C

B

D

Figure 3 Differentiated-type early gastric cancer detected after successful Helicobacter pylori eradication. A: This endoscopic finding made qualitative
cancer diagnosis difficult by conventional endoscopy; B: A “gastritis-like” appearance under narrow-band imaging with magnified endoscopy was demonstrated by a
microsurface structure comprised of mixed pits and papillae, resembling the surrounding non-cancerous mucosa; C: Well-differentiated tubular adenocarcinoma with
low-grade atypia (hematoxylin and eosin staining); D: Ki-67 positive cells localized in the middle-to-lower portion of the mucosa, indicating cytological maturation at the
luminal surface layer of the cancer[47].
[44]

eradication . Histological differentiation toward the
surface layer of cancer tubules was characteristic when
inflammatory activity was controlled by eradication,
especially in differentiated-type adenocarcinomas
with low-grade atypia. Because NBI-ME is a special
modality for enhanced microvessel and microstructure
visualization within the superficial layer of the gastric
mucosa, these gastric cancers showed a “gastritis[44]
like” appearance under NBI-ME . The gastritislike appearance revealed homogeneous and regular
microstructure that was bordered by a clear white

WJG|www.wjgnet.com

zone, resembling the adjacent non-cancerous mucosa.
Recently, we further evaluated 100 early gastric
cancers detected in 84 patients who received successful
[47]
H. pylori eradication therapy . The gastritis-like
appearance in those cases was consistent with nonneoplastic superficial epithelium and histological surface
differentiation. Surface differentiation led to difficulty in
[47]
qualitative cancer diagnosis by NBI-ME (Figure 3) ,
and non-neoplastic superficial tubules on the cancer
also caused unclear demarcation between the cancer
[47]
and the surrounding gastric mucosa (Figure 4) . Saka
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A

B

D

C

E

Figure 4 Differentiated-type early gastric cancer detected after successful Helicobacter pylori eradication. A: Chromoendoscopy revealed a depressedtype lesion in the anterior wall of the antrum; B, C: Narrow-band imaging with magnified endoscopy shows a “gastritis-like” appearance with a microsurface
structure comprising of regular papillae resembling with unclear demarcation between the cancer and surrounding gastritis mucosa; D: Well-differentiated tubular
adenocarcinoma with low-grade atypia (hematoxylin and eosin staining); E: MUC5AC immunohistochemical staining demonstrates that superficial non-neoplastic
epithelium is interspersed among and above the cancer tubules[47].
[48]

et al
also reported that a gastritis-like appearance
was apparent by conventional endoscopy and NBI-ME.
In the endoscopic surveillance of early gastric cancer,
NBI-ME diagnosis of a gastritis-like appearance should
be considered as potentially cancerous among patients
who have undergone successful eradication therapy.
Identification of histological alteration in the surface
layer of cancer tubules, which produce a gastritis-like
appearance under NBI-ME, offers a promising approach
for the accurate diagnosis of early gastric cancers after
successful H. pylori eradication.

Surveillance for Early Detection
of Gastric Cancer after H. pylori
Eradication
Gastric cancer is often difficult to diagnose by
endoscopy after successful H. pylori eradication
therapy because of its indistinct border and lack of
[49]
obvious cancerous features. Ito et al
have reported
a significant difference in tumor stages between
patients from Japan and other countries; however,
even in Japan, some patients (5/81; 6.2%) were
diagnosed at a more advanced stage during regular
surveillance endoscopy after H. pylori eradication. We
must therefore be vigilant for delayed diagnosis of
early gastric cancer, caused by changes in the typical
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morphology. Although the growth rate of gastric
cancer differs between tumors, most cancers are
likely to have been present for several years before
detection by endoscopic examination. We reported
our experience of a patient with gastric cancer that
[26]
progressed after eradication therapy (Figure 5) ,
ultimately requiring treatment by gastrectomy. After
reviewing her previous endoscopic images, we noted
that this lesion could have been discovered at an
early stage up to three years before her diagnosis.
In addition, because of the low-grade histological
atypia, it was hard to diagnose accurately by biopsy
taken before 1 year. Therefore, we recommend careful
evaluation by endoscopists and pathologists alike
when performing surveillance endoscopy and biopsies
for patients after H. pylori eradication. The cytological
differentiation in the surface layer of cancer tubules
was a pathognomonic feature of the gastric mucin
phenotype observed in differentiated adenocarcinomas
with low-grade atypia. Although the ultimate goal of
gastric cancer prevention is to decrease the associated
mortality, surveillance endoscopy should be able to
discover cancer at an early stage to facilitate treatment
by ER rather than open surgery, which, in turn, should
improve the quality of life for patients.
Previous studies reported the risk factors of primary
or secondary cancer development after eradication
[50-52]
to include old age
, advanced atrophic change in
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A

B

C

E

D

F

Figure 5 Gastric cancer progressed after eradication therapy. A: A review of the endoscopic pictures taken 3 years earlier revealed the presence of a discolored
and flat elevated lesion adjacent to a xanthoma (arrow) in the cardia; B: This lesion was not clear yet, but the xanthoma had almost disappeared (arrow); C: The
biopsy specimen taken from the lesion showed foveolar-type epithelium with mild structural atypia; D: After follow-up for 1 yr, the tumor had become evident and
covered by mucus; E: The tumor had invaded into the deep submucosal layer, but the mucosal element was preserved; F: This cancer showed a gastric mucin
phenotype with low-grade atypia[26].
[17,40,53,54]

the gastric corpus
and intestinal metaplasia
[55]
distribution . However, we showed that gastric cancer
is often found by endoscopic examination in patients
with synchronous gastric cancers, regardless of
[26,33]
eradication therapy
. It remains uncertain whether
H. pylori eradication can reverse atrophic gastritis
and intestinal metaplasia, or whether it can prevent
the progression to gastric cancer. Therefore, regular
endoscopic surveillance should be beneficial in highrisk groups, provided it is performed at intervals of 3,
6, and 12 mo after initial ER, and every year thereafter
[26,33,56]
for at least 10 years
. The next important
clinical issue for the cancer survey program in East
Asian countries might be to clarify the endoscopic
appearance and biological behaviors of gastric cancers
discovered after H. pylori eradication. To be able to
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diagnose these new gastric cancers effectively, we
must establish more useful endoscopic examination
methodologies.
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Abstract
Helicobacter pylori (H. pylori ) infection is present in
more than half the world’s population and has been
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associated with several gastric disorders, such as
gastritis, peptic ulceration, and gastric adenocarcinoma.
The clinical outcome of this infection depends on host
and bacterial factors where H. pylori virulence genes
seem to play a relevant role. Studies of cag A and vac A
genes established that they were determining factors in
gastric pathogenesis. However, there are gastric cancer
cases that are cag A-negative. Several other virulence
genes have been searched for, but these genes remain
less well known that cag A and vac A. Thus, this review
aimed to establish which genes have been suggested
as potentially relevant virulence factors for H. pylori associated gastrointestinal diseases. We focused on
the cag -pathogenicity island, genes with adherence
and motility functions, and ice A based on the relevance
shown in several studies in the literature.
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Core tip: Helicobacter pylori (H. pylori ) infection is
present in more than half the world’s population and
has been associated with several gastric disorders. The
clinical outcome of this infection depends on host and
bacterial factors. Studies have established that cag A
and vac A H. pylori genes are determining factors in
gastric pathogenesis. This review aimed to examine
which genes have been suggested as potentially
relevant virulence factors for H. pylori , focusing on the
cag -pathogenicity island, adherence and motility genes,
and ice A based on the relevance shown in several
studies.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral shaped Gramnegative bacterium that selectively colonizes the
gastric mucous layer by adhering to the epithelial
lining of the stomach. It is a urease-, catalase-, and
oxidase-positive bacterium that possesses 4 to 6 polar
flagella for motility, and several virulence factors which
[1,2]
vary with the strain . H. pylori was isolated for the
first time in 1983 by Warren and Marshall from gastric
biopsy samples of patients with chronic gastritis and
peptic ulcer. However, the finding of spiral bacteria in
[3,4]
the stomach of animals dates back to 1906 .
Evidence suggests that the relationship between
H. pylori and its human host has existed for at least
60000 years. One piece of evidence is that the
genetic diversity of bacteria evolved in parallel with
the human species, showing that both have been
evolving intimately ever since. Furthermore, the
genetic diversity distribution of H. pylori is consistent
with the colonization of the earliest humans and with
[5]
co-migration out of East Africa . In 1994, the World
Health Organization recognized this bacteria as a
type Ⅰ (definite) carcinogen in humans, based on
evidence that H. pylori is involved in the development
[6]
of gastric adenocarcinoma . H. pylori infection is
present in more than half the world’s population.
However, not all infected people exhibit diseases
associated with this bacterium. It is the main cause
of gastric disorders, such as gastritis in about 20%,
peptic ulceration in 10%, gastric adenocarcinoma in
1%-2%, and gastric MALT lymphoma in less than 0.1%
[7,8]
of the people infected .
The clinical outcome of infection by H. pylori
depends on the presence of bacterial virulence factors
and on factors related to the host. Several virulence
genes have been well studied and established
in the literature as determining factors in gastric
pathogenesis, such as cagA (cytotoxin-associated gene
A) and vacA (vacuolating cytotoxin A) genes. Several
other genes, although previously studied, remain
less well recognized than cagA and vacA. Thus, the
objective of this review is to discuss current knowledge
of H. pylori virulence factors that highlight other genes
in the cag-pathogenicity island (cag-PAI), genes that
code outer membrane proteins (babA, oipA, sabA,
hopQ), motility genes (flaA and flaB), and iceA, which
have been identified in the literature as potentially
relevant in the development of more severe lesions.

WELL-ESTABLISHED VIRULENCE
FACTORS
The cagA and vacA genes are both well established

WJG|www.wjgnet.com

and extensively studied as H. pylori virulence factors.
Whereas not all H. pylori strains possess the cagA gene,
essentially, all strains possess the vacA gene. However,
not all secrete a VacA product, which depends on the
gene structure.
The cagA gene is a recognized marker for the
presence of cag-PAI. This gene encodes a 121-145 kDa
immuno-dominant protein (CagA) that, when injected
into the gastric epithelial cell cytoplasm, interacts with
host cell proteins, inducing cell morphological changes
(hummingbird phenotype), and pro-inflammatory and
mitogenic responses. Several studies in cell culture
and animal models indicate the importance of cagA
gene involvement in human gastric cancer, and that its
deletion prevents the development of the disease in a
[9-11]
gerbil model
. Most of the H. pylori strains in East
Asia have the cagA gene, regardless of the disease.
Thus, the pathogenic difference in this region is difficult
to explain in terms of the presence or absence of the
[12]
cagA gene alone .
The CagA protein contains tyrosine phosphorylation
motifs (glutamate-proline-isoleucinetyrosine-alanine,
EPIYA) within the carboxyl-terminal variable region of
the protein. Studies show the existence of four EPIYA
motifs (A, B, C, D). EPIYA-A and EPIYA-B are present
throughout the world, EPIYA-C is predominantly found
in strains from Western countries, and EPIYA-D is
found almost exclusively in East-Asian strains (Japan,
South Korea, and China). H. pylori strains containing
EPIYA-D motifs induce significantly higher levels
of interleukin-8 release from gastric epithelial cells
compared with strains containing the A-B-C-type of
[13,14]
CagA
.
The vacA gene is not part of the cag-PAI. It induces
vacuolization and various cellular activities such as
the formation of membrane channels, the release of
cytochrome c from mitochondria leading to apoptosis,
and binding to cell membrane receptors, followed by a
[15,16]
pro-inflammatory response
. However, considerable
differences in vacuolating activities are observed
between strains according to variations in the vacA
gene structure within the signal (s), middle (m), and
[17]
intermediate (i) regions . The “s” and “m” regions
are stratified into s1 or s2, and m1 or m2 subtypes,
and the possible combinations generate proteins with
different cytotoxicity. In vitro experiments showed that
vacA s1/m1 strains induce greater vacuolation than
s1/m2 strains, and there is typically no vacuolating
[17]
activity in s2/m2 strains .
In agreement with in vitro data, studies in the
Middle East, Africa, and Western countries have
shown that individuals infected with vacA s1 or m1
H. pylori strains have an increased risk of peptic ulcer
or gastric cancer compared with individuals infected
[18,19]
with s2 or m2 strains
. On the other hand, in East
Asia, as most strains are vacA s1, the differences in
pathogenesis cannot be explained by the type of “s”
[20]
region . In turn, the “m” region in East Asia shows
variations suggesting that it may play a role in the
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Figure 1 Schematic representation of the cag-pathogenicity island of Helicobacter pylori deduced from strain 26695. The localizations of cag Ⅰ and cag Ⅱ
are shown. Highlighted squares represent genes cited in this review.

regional difference. In northern East Asia, there is a
higher prevalence of strains vacA m1 and incidence
of gastric cancer, whereas in the south of East Asia,
where the strains vacA m2 are prevalent, the incidence
[20,21]
of cancer is lower than in the northern region
.A
Brazilian study indicated that in the absence of cagA,
there was a role for vacA s1 in the development of
gastric cancer, since most of the negative strains had
[22]
the vacA s1 gene .

VARIABILITY AND INTEGRITY OF CAG
PATHOGENICITY ISLAND
cag-PAI is a segment of H. pylori DNA of 40 kb
[23]
containing 31 genes . Most of these genes encode
functional components of a type 4 bacterial secretion
system (T4SS) used for the translocation of bacterial
products directly into the host cell cytoplasm, including
[24]
the cagA gene product . cag-PAI is found in about
60% of Western strains, whereas almost all of the
[25]
East Asian strains isolated are cag-PAI positive . The
positive cag-PAI strains are more related to peptic
ulcer and gastric cancer than the negative strains,
showing that cag-PAI plays an important role in H.
[26,27]
pylori pathogenesis
.
A phylogeny study showed by sequencing that most
cag-PAI genes were similar to those of housekeeping
genes, indicating that cag-PAI was probably acquired
only once by H. pylori. Thus, H. pylori genetic diversity
seems to reflect the geographic isolation that has
shaped this bacterial species since modern humans
migrated out of Africa. Carriage of cag-PAI varies from
an almost universal presence in the strains hpEastAsia
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and hpAfrica1, through an intermediate presence
(hpEurope) to complete absence (hpAfrica2). When
compared with other bacteria of the same genus,
the absence of cag-PAI seems to be an ancestral
trait. Thus, the pathogenicity island would have
been acquired by horizontal gene transfer from an
unknown source after H. pylori had established itself in
[11]
humans .
Initial studies on the integrity of cag-PAI analyzed
sequences of cagⅠ and cagⅡ regions and genes
[28,29]
present in these regions separately
. A study that
analyzed cag-PAI integrity showed that rearrangement
in this island is a prevalent phenomenon, with less
rearrangement in the cagE and cagT genes than in the
cagA gene. cag-PAI was disrupted in the majority of
isolated strains throughout the world. Conservation of
cag-PAI was highest in Japanese isolates and minimal
[30]
in European and African strains . Infection with a
strain containing a complete set of cag-PAI genes was
associated with the development of ulcer disease,
showing the importance of these genes to gastric
[31]
diseases outcomes .

OTHER GENES LOCATED IN CAG-PAI
Several Cag proteins have been detected as con
stituents of H. pylori cag T4SS apparatus and have
[32]
important roles in the translocation of CagA . These
include CagE, VirB11, CagT, CagM and CagG, whose
importance will be described below (Figure 1).

cagE and virB11

cagE is located in the right half of cag-PAI, and studies

10565

October 7, 2015|Volume 21|Issue 37|

da Costa DM et al . What exists beyond cag A and vac A?
have suggested that this gene is a more accurate
marker of an intact pathogenicity island and can
[33,34]
be used as a cag-PAI marker with cagA
. virB11
codifies a protein that has a ring-shaped structure
composed of 6 monomeric units. These genes code
transmembrane proteins with ATPase activity that
provides the energy for apparatus assembly and/or
[24,35]
substrate transport
.
Although there is a well-established relationship
between cagE and virB11 genes with gastritis, peptic
ulcer, and duodenal ulcer, only a few studies have
[36-38]
described an association with gastric cancer
. Two
of these studies showed the presence of such genes
in early tumor stages and an association with other
virulence genes, indicating that there is a role for cagE
[34,39]
and virB11 in gastric carcinogenesis
.

cagT

The cagT gene is a homologue of A. tumefaciens
vir B7 and has been reported to be a marker of the
[40]
cagⅡ region . Some studies revealed that CagT
localized in both inner and outer membranes plays an
important role in the induction of the proinflammatory
cytokine interleukin-8 when localized in the outer
[41-43]
membrane
. It may also interact with CagA
and facilitate its translocation into host cells, acting
as a chaperone-like protein localized in the inner
[44]
membrane .
The expression of CagT in H. pylori is also closely
[45]
associated with severe gastric disease . Deletion
frequencies of cagT genes were higher in benign
cases compared with isolates from severe ulcers and
[46,47]
gastric cancers
. Studies reported an association
of the cagT gene with the development of peptic
ulcer disease, suggesting a high virulence gene in H.
[40,48,49]
pylori
. The cagT gene, as well as the cagA gene,
have been associated with other virulence factors,
such as vacA s1, vacA m1, and the genotype vacA
s1m1, occurring in smaller percentages concomitantly
[49,50]
with vacA s2 strains, vacA m2, and vacA s2m2
.
Therefore, CagT seems to be a very important protein
in H. pylori, not only for the integrity of the cag-PAI
apparatus, but also for determining disease severity.

cagM

The cagM gene has been reported to be a marker of
[51]
the cagⅠ region . Some studies revealed that the
protein encoded by this gene forms a surface structure
which acts as a nuclear factor (NF)-kB-inducing agent,
[41,52,53]
mediating interleukin-8 secretion
. It is also
involved in the repression of H/K-ATPase transcription,
which causes the downregulation of human gastric
H/K-ATPase expression, significantly inhibiting acid
[54,55]
secretion by gastric cells
. CagM expression may
represent a first line of H. pylori defense against gastric
acid, which may otherwise be upregulated by the
presence of CagM-deficient Gram-negative bacteria.
Expression of CagM in H. pylori is also associated
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with severe gastric disease. Some studies revealed that
the cagM gene was associated with the development
[45,49,56,57]
of gastritis, peptic ulcers, and gastric cancer
.
Thus, CagM is a very important protein, not only for
the integrity of the cag-PAI apparatus, but also for
determining disease severity, and a line of H. pylori
defense against gastric acid.

cagG

cagG is located in the right side of cag-PAI, and it has
been reported to be a marker of the cagⅠ region. This
gene is not a vir homologue, but it has weak homology
with the flagellar motor switch protein gene or toxin
[23,51,58]
co-regulated pilus biosynthesis protein gene
. It
may also play an important role in the induction of the
[41,52]
proinflammatory cytokine interleukin-8
.
Some studies suggest that cagG may have a
function related to adhesion to gastric epithelial cells.
cagG-deleted strains adhere less to gastric epithelial
cells, and these strains cause a reduction in the
[59,60]
amount of interleukin-8 secreted from the cells
.
The frequency of the cagG gene has been high in
several gastrointestinal diseases, but a specific disease
[51,61]
related to it has not been established
.
Given the above, we suggest that the integrity of
cag-PAI seems to be more relevant than the presence
of the gene alone. It is believed that the presence of
cagA alone is not sufficient for bacterial pathogenicity,
but the set of genes which form an efficient T4SS
confers pathogenicity.

GENES THAT CODE OUTER MEMBRANE
PROTEINS
Approximately 4% of the H. pylori genome encodes a
diverse repertoire of Outer membrane proteins (OMPs)
[62]
that have been grouped into 5 major families . The
Helicobacter outer membrane protein (Hop) family is
the largest and includes adhesins such as BabA (HopS),
SabA (HopP), OipA (HopH) and HopQ. Adherence of
H. pylori to the gastric mucosa plays important roles
in the initial colonization and long-term persistence on
the gastric mucosa, as well as in the intensity of the
[63]
resulting inflammatory response .

babA

Blood group antigen-binding adhesin (babA) is a
78-kDa outer membrane protein encoded by the
b
babA2 gene, which binds the fucosylated Lewis
b
antigen (Le ) on the surfaces of gastric epithelial cells
[64,65]
and is the best described H. pylori OMP
. Although
three bab alleles have been identified (babA1, babA2,
and babB), only the babA2 gene product is functionally
[66]
active . Analyses of binding characteristics of H.
pylori strains worldwide suggest that BabA has evolved
in response to host mucosal glycosylation patterns to
permit H. pylori to adapt to its host and to maintain
[67]
persistent colonization .
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Some researchers have demonstrated that babA2
is associated with increased risk of duodenal ulcer
disease and adenocarcinoma, and when found in
conjunction with the cagA and vacA s1 alleles, leads
to an even greater risk of developing more severe
[68,69]
b
diseases
. BabA binding to Le is also important
for the induction of DNA double-strand breaks in host
cell lines, and may promote cancer-associated gene
[70]
mutations . Adherence via BabA also enhances
the ability of the type Ⅳ secretion apparatus to
contact host cells, leading to a stronger inflammatory
[71]
response . Therefore, BabA is important not only for
H. pylori to adhere to the stomach surface but also
to anchor the bacterial secretion system to the host
cell surface so that bacterial factors can be effectively
injected into the host cell cytosol.

sabA

The sialic acid-binding adhesin, SabA or HopP or
OMP17 (about 70 KDa) is the second best characterized
adhesin of H. pylori, and binds sialyl-Lewis antigens
[64,72]
that are expressed on inflamed gastric tissue
. H.
pylori modulates the expression of the SabA ligand,
x
the sialyl-dimeric-Le , in human gastric cell lines via
the induction of a specific glycosyltransferase, β3
GlcNAc T5 (β3GnT5), involved in the biosynthesis
of Lewis antigens, thereby strengthening the epi
thelial attachment necessary to achieve successful
[73]
colonization .
The sabA gene expression is regulated at trans
criptional level by some mechanisms. Indeed, the
dinucleotide CT repeats present in the 5’ coding
region of sabA regulates their expression by phase
variation through a slipped strand repair mechanism
[74,75]
(SSM)
, and the sabA promoter region modu
lates its transcriptional activity through a variable
[76]
homopolymeric thymidine tract . The frequent “on/
off” switch of SabA expression suggests that SabA
expression can rapidly respond to changes exerted
by the gastric niche. SabA-positive status is inversely
related to the ability of the stomach to secrete acid,
suggesting that its expression may be regulated by
changes in acid secretion and/or in antigens expressed
[67,75]
by the atrophic mucosa
.
SabA-positive status is associated with the de
velopment of intestinal metaplasia, gastric atrophy and
[65,68]
gastric cancer
. After H. pylori induces gastritis,
neutrophils and monocytes infiltrate into the gastric
mucosa. SabA of non-opsonized H. pylori strains
specifically binds to neutrophils through sialylated
carbohydrates. Consequently, the stimulated neutrophils
produce reactive oxygen species causing oxidative
damage of the gastric epithelium, showing that SabA is
[72,77]
a virulence factor
.

oipA

OipA (about 34 kDa) was identified in 2000. It is one

WJG|www.wjgnet.com

of the OMPs. It functions in adhesion and is located
approximately 100 kbp from the cag-PAI on the H.
[58,78,79]
pylori chromosome
. The functional status of
OipA is regulated by slipped strand mispairing that is
determined by the number of CT dinucleotide repeated
in the 5′ region of the gene (switch “on” and OipA is
[80]
functional; switch “off” and OipA is nonfunctional) .
H. pylori with the OipA functional status “on” has
been associated with other virulence factors, such as
[65,68,81,82]
cag PAI, vacA, iceA and babA
. OipA “on” status
is significantly associated with more severe gastric
diseases (duodenal ulcer and gastric cancer), high H.
pylori density, severe neutrophil infiltration, and high
[83]
mucosal interleukin-8 levels . Researchers have
demonstrated that OipA can induce inflammation and
affect actin dynamics through the phosphorylation of
multiple signaling pathways that usually interact with
[84,85]
cag-PAI (CagA)-related pathways
. H. pylori-related
inflammatory signaling related to gastric carcinogenesis
is regulated by the activation of the phosphoinositide-3
[86]
kinase (PI3K)/Akt signaling pathway . OipA regulates
IL-8 secretion through PI3K/Akt and this regulation is
dependent on forkhead transcription factors of class O
[87]
(FoxO) 1/3a inactivation . Inactivation of oipA also
results in a decreased level of nuclear β-catenin in vitro
and a reduced incidence of cancer in gerbils, indicative
[10]
of this OMP’s importance in H. pylori virulence .

hopQ

The hopQ gene encodes HopQ, an OMP that attenuates
the adherence of H. pylori strains to gastric epithelial
cells and thus may play an important role in the initial
colonization and long-term persistence of the bacterium
[88]
in the stomach . The hopQ gene is present in 2
forms: typesⅠand Ⅱ. Some studies have reported an
association between the presence of typeⅠhopQ alleles
and other H. pylori virulence markers, including type s1
[89-92]
vacA alleles
. In Western patients, the inflammatory
cell infiltration and atrophy scores were significantly
higher in patients with hopQ typeⅠstrains than those
[63]
with type Ⅱ . Only one study so far showed that
the hopQⅡ genotype is frequently present in H. pylori
[93]
strains isolated from gastric cancer patients .
Another study conducted an analysis of 3000 H.
pylori mutants and revealed that the hopQ gene affected
NF-κB nuclear translocation. HopQ was essential for
CagA translocation and for CagA-mediated host cell
responses such as formation of the hummingbird
phenotype and cell scattering. It also showed that the
deletion of hopQ reduced T4SS-dependent activation
of NF-κB, induction of MAPK signaling and secretion
of interleukin-8 in the host cells, but it did not affect
motility or the quantity of bacteria attached to host
cells. Therefore, HopQ exhibits adhesive properties and
could be useful in facilitating contact of H. pylori’s T4SS
[94]
with the host cell surface .
Although BabA and SabA are the most prominent
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adhesins described so far, it seems probable that
additional adhesins described in this review are
involved in the colonization process. The adhesins
are important not only for H. pylori to adhere to the
stomach surface but also to anchor the bacterial
secretion system and consequently the delivery of
virulence factors to host epithelial cells.

MOTILITY GENES
Flagella provide the motility of H. pylori which possess
a unipolar bundle of 3 to 5 flagella, composed of 3
structural elements: the basal body, the hook, and the
[67,95,96]
filament
. The filament acts as a propeller when
rotated at its base and it is composed of 2 flagellins:
[97]
the major, FlaA, and the minor, FlaB . Mutation of flaA
results in flagellar truncation and decreased motility in
[98]
vitro . In vivo, FlaA and other proteins necessary for
flagellar assembly are essential for persistent infection
[99-101]
in rodent and gnotobiotic piglet models
.
H. pylori flagellin filaments are post-translationally
modified by glycosylation with a 9-carbon pseudaminic
acid (Pse) sugar derivative that resembles sialic acid,
[102]
which is typically found on mammalian cell surfaces .
The FlaA protein is modified with a total of 7 O-linked
pseudaminic acid (Pse5Ac7Ac) residues, while FlaB
is modified with 10 O-linked Pse5Ac7Ac residues.
Deletion of genes responsible for the glycosylation
process leads to loss of late flagellar structures (hook
[103,104]
and filaments) and loss of motility
. Motility is
essential for successful gastric colonization and may
contribute to pathogenesis.

iceA

Another virulence gene designated iceA (induced by
contact with epithelium) has been recently described.
Some studies showed that iceA has two main allelic
variants, iceA1 and iceA2, but the function of these
[105,106]
variants is not yet clear
. iceA1 demonstrated
sequence homology with a gene from Neisseria
lactamica, nlaIIIR, which encodes a CTAG-specific
[107]
restriction endonuclease . On the other hand, iceA2
has no homology to known genes and the function of
the iceA2 product remains unclear. The expression of
iceA1 is upregulated on contact between H. pylori and
human epithelial cells, and the iceA1 genotype was
linked with enhanced mucosal interleukin-8 expression
[61]
and acute antral inflammation .
Some reports have reported an association between
[108]
iceA allelic types and clinical outcomes
. The iceA1
variant was associated with peptic ulcer disease, and
[109,110]
iceA2 variants with gastritis
. However, these
associations vary among populations. In Brazil, for
[111]
instance, the iceA1 allele is associated with gastritis .
Additionally, in Cuba, Europe, Saudi Arabia, and
Turkey the iceA2 allele is associated with non-peptic
ulcer dyspepsia as well as strains with more virulent
[109,112]
types
. Thus, the iceA gene may be considered a
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useful marker in patients with gastroduodenal diseases.

CONCLUSION
The relationship between H. pylori and humans
dates back 50000 years and during this time these
2 species have co-evolved. During this evolution,
there has been a major change in the genome of
the bacterium with horizontal acquisition of the cag
pathogenicity island, which seems to be important in
colonization, and responsible for the development of
gastric diseases. Although only the cagA gene is well
defined as an H. pylori pathogenicity marker, over the
course of our review it was observed that other genes
are also essential components for a functional cag
T4SS. Furthermore, the fact that some strains with
an incomplete pathogenicity island in more severe
gastric lesions were observed, suggests that there
must be genes with overlapping roles to ensure the
functioning of the secretory apparatus. In addition,
the product of some of these genes could be capable
of stimulating an exacerbated inflammatory response
which is characteristic of gastric lesions. Although there
are several genes associated with adhesion of the
bacteria, the babA gene is associated with successful
colonization.
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the second leading cause of
cancer-related deaths worldwide. Although the
prognosis of patients with HCC is generally poor, the
5-year survival rate is > 70% if patients are diagnosed
at an early stage. However, early diagnosis of HCC
is complicated by the coexistence of inflammation
and cirrhosis. Thus, novel biomarkers for the early
diagnosis of HCC are required. Currently, the diagnosis
of HCC without pathological correlation is achieved
by analyzing serum α‑fetoprotein levels combined
with imaging techniques. Advances in genomics and
proteomics platforms and biomarker assay techniques
over the last decade have resulted in the identification
of numerous novel biomarkers and have improved the
diagnosis of HCC. The most promising biomarkers,
such as glypican-3, osteopontin, Golgi protein-73 and
nucleic acids including microRNAs, are most likely to
become clinically validated in the near future. These
biomarkers are not only useful for early diagnosis of
HCC, but also provide insight into the mechanisms
driving oncogenesis. In addition, such molecular insight
creates the basis for the development of potentially
more effective treatment strategies. In this article,
we provide an overview of the biomarkers that are
currently used for the early diagnosis of HCC.
Key words: α-fetoprotein; α-fetoprotein-L3; Biomarker;
Des-γ-carboxyprothrombin; Glypican-3; Golgi protein-73;
Hepatocellular carcinoma; MicroRNAs; Osteopontin;
Squamous cell carcinoma antigen
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Core tip: Hepatocellular carcinoma (HCC) is the fifth
most common cancer and the second leading cause of
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cancer-related death worldwide. The poor prognosis
of HCC is due to the fact that diagnosis is often made
at a late stage in disease development. Thus, the
identification of biomarkers for diagnosis at an early
stage may result in significant benefits. An up-to-date
review of biomarkers that are currently used for the
early diagnosis of HCC is provided in this article.
Tsuchiya N, Sawada Y, Endo I, Saito K, Uemura Y, Nakatsura T.
Biomarkers for the early diagnosis of hepatocellular carcinoma.
World J Gastroenterol 2015; 21(37): 10573-10583 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i37/10573.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i37.10573

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the second leading cause of
cancer-related deaths. The number of deaths per year
for HCC worldwide is similar to the incidence, with
nearly 748300 new cases and 695900 deaths per year.
HCC most often develops in patients with a history of
cirrhosis due to chronic alcohol abuse, non-alcoholic
fatty liver disease, or hepatitis C virus (HCV) infection.
Continuous cycles of inflammation and healing in
hepatocytes are thought to be the underlying cause
of the development of HCC. However, the coexistence
of inflammation and cirrhosis complicates the early
diagnosis of HCC. Therefore, biomarkers that distinguish
HCC from inflammation and cirrhosis are desperately
needed in order to enhance prognosis of these patients.
Furthermore, such biomarkers may influence the
development of novel chemopreventive strategies for
use during HCC surveillance of patients with cirrhosis.
Contributing to the poor prognosis of HCC is the
lack of specific symptoms in the early stages of the
disease. More than 60% of patients are diagnosed with
[1]
late-stage disease after metastasis has occurred ,
[2]
resulting in an overall 5-year survival rate of < 16% .
In contrast, patients diagnosed with early stage
disease have a relatively good prognosis, with a 5-year
survival rate of > 70%. In patients diagnosed with
early stage HCC, such as Barcelona Clinic Liver Cancer
(BCLC) stage 0 and A, the 5-year survival rate with
[4]
surgical intervention was > 93% . Thus, detection of
HCC at an early stage significantly impacts curative
treatment regimens.
In Japan, early stage HCC nodules have been
detected in more than 60% of patients, due to the
routine practice of screening for HCC among high-risk
[3]
patients . The diagnosis of HCC without a pathological
diagnosis can be achieved by assessing serum
α-fetoprotein (AFP) levels and diagnostic imaging,
such as computed tomography (CT) and magnetic
[5]
resonance imaging (MRI) . Unfortunately, even this
approach is inadequate, and very few HCC biomarkers
demonstrate sufficient diagnostic performance for
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early stage HCC in clinical practice.
The ideal HCC biomarker is one that enables
clinicians to diagnose asymptomatic patients and can
be widely used in a screening process. In general, a
biomarker valuable for clinical use achieves a level
of sensitivity and specificity of ≥ 90%, and is noninvasive and cost-effective to allow widespread use.
The most desirable biomarker is therefore tumorspecific and easily detectable in bodily fluids, such as
serum, plasma, and bile.
To establish a formal framework to guide biomarker
evaluation and development, a five-phase program
was adopted by the Early Detection Research Network
[6]
(EDRN) of the National Cancer Institute (Table 1) .
Most markers have been evaluated in phase Ⅱ studies
to evaluate their ability to detect early stage HCC,
and most, with the exception of AFP, are undergoing
further assessment in phase Ⅲ studies. Further studies
with larger sample sizes in multiple clinical centers
are needed to confirm that marker-based surveillance
reduces morbidity and mortality from HCC. The
present review summarizes the various biomarkers
that are currently used for early diagnosis of HCC.

LIST OF HCC BIOMARKERS
AFP

AFP has been considered to be the most useful
biomarker for HCC evaluation, ever since it was
[7]
discovered in the serum of HCC patients in 1964 .
In addition, it is the only biomarker that has been
[8]
evaluated in a randomized controlled trial . AFP is
a glycoprotein with a molecular weight of about 70
kDa that transports a variety of molecules, including
bilirubin, fatty acids, retinoid, steroids, heavy metals,
dyes, flavonoids, phytoestrogens, dioxin, and possibly
[9]
various drugs . It is normally produced during fetal
and neonatal development by the liver, yolk sac, and
[10]
in small concentrations, the gastrointestinal tract .
Serum AFP reaches a maximal concentration of 3
g/L at weeks 12 to 16 of fetal life. Protein levels
subsequently decrease rapidly, and thereafter only
[11]
trace amounts are normally detected in serum .
Abnormally high serum AFP concentrations have
been correlated with the development of several
[12,13]
malignant diseases, most notably HCC
. Previously,
we reported that through multivariate analysis, a
minimum postoperative AFP level was determined to
be a significant independent risk factor for recurrence
[14]
after curative hepatectomy (P < 0.001) .
A systematic review evaluating AFP (at a threshold
level of 20 ng/mL) in cirrhotic patients showed sen
sitivities and specificities of 41% to 65% and 80% to
[15]
94%, respectively, for HCC at any stage . However,
at this threshold, early stage HCC was detected in only
[16]
one-third of patients with the disease . The problem
with AFP as a reliable HCC biomarker is that HCC is
positive for the protein in only 60%-80% of cases,
and false-positives make it difficult to distinguish
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Table 1 Phases of biomarker validation for early cancer detection
Phase of biomarker
validation

Type of study

Aim

Phase Ⅰ
Phase Ⅱ

Preclinical exploratory
Case-control

Identify promising markers
Clinical assay to detect HCC

Phase Ⅲ

Retrospective longitudinal

Phase Ⅳ

Prospective screening

Phase Ⅴ

Randomized control

Characterize ability of biomarker to detect HCC
before it becomes clinical
Identify extent and characteristics of sensitivity
and specificity
Determine if biomarker screening can reduce
mortality in target population

Table 2 Early diagnostic values of hepatocellular carcinoma
serum biomarkers
Biomarker

Sensitivity, %
(95%CI)

Specificity, %
(95%CI)

Ref.

AFP
AFP-L3
DCP
GPC3
OPN
GP73
miRNA panel1

53 (46-59)
28 (22-34)
61 (55-68)
55.1 (47.9-66.2)
75 (58-93)
62
82.5

90 (87-93)
97 (93‑100)
70 (65‑74)
97.0 (95.2-98.2)
62 (51-73)
88
83.5

[17]
[17]
[17]
[42]
[50]
[56]
[101]

1

Including miR-122, miR-192, miR-21, miR-223, miR-26a, miR-27a and
miR-801.

early stage HCC from other disorders, such as acute
hepatitis and cirrhosis, as well as embryonic tumors
and certain gastrointestinal tumors. Thus, a lower
threshold may be an effective solution for early stage
detection. A multicenter case-control study of patients
(n = 836; HCC, n = 419 and cirrhosis, n = 417)
revealed that AFP exhibited sensitivity and specificity
as high as 66% and 82%, respectively, for early stage
HCC (BCLC stages 0 and A) at a lower threshold of
[17]
10.9 ng/mL (Table 2) . However, the sensitivity of
AFP is only 53% at the commonly used cut-off of 20
ng/mL. Further research may help to optimize the
threshold for AFP. However, in order to significantly
improve the diagnostic accuracy for HCC, additional
biomarkers are needed to complement AFP, especially
due to the fact that many patients with benign liver
diseases, such as chronic hepatitis, liver cirrhosis and
gastrointestinal cancer, also have elevated serum AFP.

AFP-L3

AFP exists as three glycoforms, each with different
binding capability to lectin Lens culinaris agglutinin
(LCA): AFP-L1 (non-binding fraction), AFP-L2 (weak
binding fraction), and AFP-L3 (binding fraction).
AFP-L1 is increased in chronic hepatitis and liver
cirrhosis, whereas AFP-L3 is specifically increased in
HCC. Because AFP-L3 is derived only from cancer cells,
it has been considered a more specific biomarker for
[18,19]
HCC
. The concentration of AFP-L3 correlates well
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Biomarker

AFP-L3, DCP, GPC3, OPN, GP73, SCCA,
annexin A2
suPAR, MDK, AXL, TRX, nucleic acids,
miRNA

AFP

with AFP levels, and thus, AFP-L3 has been suggested
as a biomarker for early HCC detection, due to its
[20]
higher specificity than AFP . For the detection of
HCC, AFP-L3 is currently used at a threshold value of
10%. A large multicenter prospective study reported a
specificity approaching 92%, but a sensitivity of only
[21]
about 37% at this threshold for HCC at any stage .
Another multicenter case-control study found that
AFP-L3 displayed a specificity of 97% and a sensitivity
of 28% for early stage HCC diagnosis (BCLC stages 0
[17]
and A) . Thus, the low sensitivity of AFP-L3 limits its
potential as an HCC biomarker, even though specificity
is extremely high. Moreover, because AFP-L3 is
typically not detected when AFP levels are < 20 ng/
mL, AFP-L3 is not relevant for the diagnosis of HCC
in individuals with a total AFP concentration of < 20
ng/mL. Thus, the sensitivity for AFP-L3 appears to be
adversely affected by the total AFP concentration.
Recent technical advances in higher sensitivity
analytical methods with novel and advanced microfluidicsbased separation science have improved the sensitivity
[22]
of the AFP-L3 immunoassay . The automated
immunoassay for AFP-L3 is referred to as “highly sensitive
AFP-L3” (hs-AFP-L3). A case-control study of hs-AFP-L3
included patients with benign liver disease (n = 74), such
as chronic hepatitis and cirrhosis, as well as patients with
HCC (n = 94). The study compared the performance of
conventional AFP-L3 with hs-AFP-L3 and reported that
hs-AFP-L3 yielded levels that were significantly higher
than conventional AFP-L3, even in patients with single or
small (< 20 mm in diameter) HCC nodules/tumors. The
sensitivity and specificity of hs-AFP-L3 vs conventional
AFP-L3 were 57.0% and 63.5%, and 40.4% and 81.1%,
[23]
respectively . These results indicate that hs-AFP-L3%
could be a valuable biomarker for detecting early stage
HCC and may be used for clinical practice in the near
future.

Des-γ -carboxyprothrombin

Prothrombin induced by vitamin K absence Ⅱ (PIVKA
Ⅱ), known as Des-γ-carboxyprothrombin (DCP), is an
abnormal prothrombin molecule that is increased in
HCC. During the process of malignant transformation
in hepatocytes, the vitamin K-dependent carboxylase
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[24-27]

system becomes impaired
. It is in fact a defect
in posttranslational carboxylation that leads to the
[28]
production of DCP . In this process, DCP loses its
normal prothrombin function but may take on an
important role promoting malignant proliferation
in HCC. Many studies have shown that the level of
serum DCP in patients with benign and malignant
liver diseases deviates significantly from normal, and
that its diagnostic sensitivity may be greater than
[29]
AFP. However, this result remains controversial . In
a test to screen for HCC, when compared to cases
of cirrhosis and chronic hepatitis, DCP yielded a
sensitivity of 72.7% and a specificity of 90.0%, a
[25]
result that was comparable to AFP . Because AFP
and DCP are not strictly correlated, i.e. DCP is more
specific to HCC and has less tendency to be elevated in
other chronic liver diseases, the combination of these
markers significantly improves HCC detection, yielding
a sensitivity and a specificity of 74.2% and 87.2%,
[30]
respectively .
Although DCP has demonstrated some potential
as a serum biomarker for the early diagnosis of HCC,
the possibility requires further investigation particularly
in combination with AFP. In a large multicenter casecontrol study, DCP alone exhibited a sensitivity of 56%
[31]
in early stage patients . However, the combination of
DCP with AFP increased sensitivity from 65% to 87%
at 3 mo before HCC diagnosis; however, the specificity
decreased from 84% to 69%.
Further studies are clearly needed to better assess
the effectiveness of this combination of markers
in HCC diagnosis. Moreover, DCP has been mainly
examined in Asian countries, and experience with DCP
in Western countries, particularly Europe, remains
limited. Recently, a case-control study to compare
the performances of AFP and DCP serum levels for
the diagnosis of early stage HCC (BCLC stage A) was
[32]
conducted in France . This study included cirrhotic
controls (n = 43) as well as cases with HCC (n = 85),
a subset of which (n = 32) harbored early stage HCC.
DCP (at a threshold value of 42 mAU/mL) performed
better than AFP (at a threshold value of 5.5 ng/mL)
for early stage HCC diagnosis [area under the curve
(AUC) = 0.81, 95%CI: 0.697-0.924 vs AUC = 0.582,
95%CI: 0.443-0.722], with a sensitivity of 77% vs
61%, a specificity of 82% vs 50%, a positive predictive
value (PPV) of 76% vs 51%, and a negative predictive
value (NPV) of 83% vs 62%, respectively. Thus, the
combination of DCP and AFP slightly improved the
performance of early stage HCC diagnosis in this
French cohort (AUC = 0.826, 95%CI: 0.722-0.929).
These results further support the value of DCP as a
biomarker in the diagnosis of early stage HCC.

Glypican-3

Glypican-3 (GPC3) belongs to the glypican family of
heparan sulfate proteoglycans. It is linked to the cell
[33]
membrane by a glycosyl-phosphatidylinositol anchor .
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GPC3 is involved in cell proliferation, survival, and
tumor suppression, but is normally absent in healthy
and non-malignant hepatocytes. Interestingly, GPC3
appears to function differently in diverse cancers;
while GPC3 is downregulated in breast cancer, ovarian
cancer, and lung adenocarcinoma, it is upregulated
[34,35]
in HCC
where it is thought to stimulate growth
by upregulating autocrine/paracrine canonical Wnt
[36]
signaling . It has been reported that GPC3 could be
[37]
detected in as many as 53% of HCC patients , and in
our own study it was detected in 40% of HCC patients
and 33% of HCC patients seronegative for both AFP
[38]
and DCP .
As GPC3 is detected in HCC cells but not in benign
liver tissues, it has potential as a biomarker for the
[39,40]
diagnosis of early stage HCC
. Importantly, GPC3
expression appears to be independent of tumor size,
as GPC3 exhibited a sensitivity of 56% in patients
[41]
with early stage tumors that are < 3 cm in size . In
a meta-analysis, the pooled sensitivity and specificity
of serum GPC3 for the diagnosis of HCC overall were
55.2% (52.9%-57.4%) and 84.2% (82.2-86.0%),
[42]
respectively . More specifically, GPC3 was assessed
in the diagnosis of early stage HCC (BCLC 0 and A or
TNM stage Ⅰ), and the observed pooled sensitivity and
specificity of serum GPC3 were 55.1% (47.9%-66.2%)
and 97.0% (95.2%-98.2%), respectively. For com
parison, the pooled sensitivity and specificity of AFP
for the same study were 34.7% (26.2%-44.1%)
and 87.6% (82.6%-91.6%), respectively. Finally, the
combination of GPC3 and AFP was evaluated in this
study and found to increase sensitivity to 76% for
early stage tumors < 3 cm in size.
The value of GPC3 is not limited to its potential
as a serum biomarker. Since GPC3 is uniquely
upregulated in HCC, the utility of GPC3 as an immune
specific target for cancer immunotherapy has also
[43-45]
been tested
. Measurable immune responses and
antitumor efficacy with good tolerance were shown in
a phase Ⅰ clinical trial of a GPC3 peptide vaccine for
[43]
patients with advanced HCC .

Osteopontin

Osteopontin (OPN), also known as the transformationrelated protein phosphatase, is an integrin-binding
glycophosphoprotein that is overexpressed in many
different types of malignancies, including lung, breast
and colon cancer. The protein has been found to play a
role in many physiological cellular functions, including
[46]
migration, invasion, and metastasis . One of its
more critical roles has been suggested to be in the
[47]
metastatic potential of various cancers . Normally,
OPN is expressed in bile duct epithelium, stellate cells,
[48]
and Kupffer cells, but not in hepatocytes . However,
elevated expression of serum OPN has been reported
in HCC patients compared to normal liver patients or
[49,50]
those with liver cirrhosis or chronic hepatitis
. In a
meta-analysis, the pooled sensitivity and specificity of

10576

October 7, 2015|Volume 21|Issue 37|

Tsuchiya N et al . Biomarkers for early diagnosis of HCC
[51]

OPN were both at 86% for all stages of HCC . In the
[50]
study performed by Shang et al , OPN, at a threshold
of 91 ng/mL, exhibited an increased sensitivity relative
to AFP (74% vs 53%, respectively) when testing for
HCC in a cohort including a total of 312 healthy adults
and patients with cirrhosis, chronic hepatitis, and HCC.
When threshold values of osteopontin at 156 ng/mL
and AFP at 20 ng/mL were combined, sensitivity
and specificity were even greater (95% and 96%,
respectively).
Importantly, this study also investigated the
utility of OPN in early diagnosis. For OPN, the AUC
for discriminating between early stage HCC (BCLC
stage A) and cirrhosis was 0.73. OPN demonstrated
a sensitivity and specificity of 75% and 62% for early
stage HCC, compared to 46% and 93% for AFP. When
combined with AFP, the AUC increased to 0.81. At a
threshold of 91 ng/mL for OPN, the combined use of
the biomarkers resulted in a sensitivity of 83% and a
specificity of 63%. Based on such findings, the value of
OPN for diagnosis of early stage HCC is being further
investigated in retrospective longitudinal biomarker
studies.

Golgi protein-73

Golgi protein-73 (GP73) is a type Ⅱ Golgi-specific
membrane protein that is normally expressed in
epithelial cells of various human tissue types, but
not hepatocytes. However, GP73 is detected in the
serum of patients with liver disease, particularly
[52]
HCC . A case-control study demonstrated that serum
GP73 in patients with HCC was significantly higher
than in healthy adults and hepatitis B virus (HBV)
[53]
carriers without hepatic disease . The sensitivity
and specificity of serum GP73 for HCC were 74.6%
(95%CI: 71.5%‑77.6%) and 97.4% (95%CI:
96.8‑98.3%), respectively, compared to 58.2% and
85.3%, respectively for AFP. The combination of GP73
and AFP increased the sensitivity and specificity to
89.2% (95%CI: 86.7‑91.5%) and 85.2% (95%CI:
83.4%‑86.4%), respectively, with an AUC of 0.96. The
combined use of GP73 and AFP-L3 for the diagnosis of
low serum AFP HCC cases also demonstrated higher
sensitivity (94.0%), specificity (93.1%), and better
[54]
accuracy (93.3%) than either alone .
Investigators have considered GP73 as a potential
biomarker also for early diagnosis. Serum GP73
levels showed enhanced sensitivity relative to AFP
[55]
in the detection of early stage HCC . In the study
[56]
of Marrero et al , the sensitivity and specificity of
GP73 for early HCC (United Network of Organ Sharing
(UNOS) modified TNM stages 1 and 2) were similar
(62% and 88%, respectively). Although these studies
demonstrated that the sensitivity of GP73 was higher
than that of AFP in the diagnosis of early stage HCC,
whether the potential clinical value of GP73 as a serum
biomarker exceeds that of AFP remains controversial.
Regardless, as the elevation of serum GP73 remains
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moderate in virus carriers and patients with cirrhosis,
GP73 should still be investigated as a potential
biomarker for the diagnosis of early HCC in these
patients.

Squamous cell carcinoma antigen

Squamous cell carcinoma antigen (SCCA) is a member
of the high molecular weight family of serine protease
inhibitors that are found in squamous epithelium
and isolated from cervical carcinoma. SCCA is highly
expressed in epithelial tumors and has a role in
[57]
protecting tumor cells from apoptosis . As SCCA is
expressed as a consequence of dedifferentiation, it
has been considered as a potential marker for HCC.
[58]
Giannelli et al
evaluated SCCA levels in a cohort of
patients (n = 210; HCC, n = 120 and cirrhosis, n =
90) and reported that HCC patients exhibited higher
SCCA serum levels than cirrhotic patients. SCCA had
a sensitivity of 84.2%, but the specificity was 48.9%.
Subsequently, the diagnostic accuracy of SCCA was
investigated taking into account only smaller HCC
[58]
nodules (< 3 cm) and comparing to cirrhosis . The
sensitivity and specificity of SCCA were 56.1% and
74.9%, respectively, with an AUC of 0.7 (95%CI:
66%‑74%) at a threshold value of 3.2 ng/mL.
SCCA expression was also tested as an immuno
histochemical marker for the diagnosis of HCC. Guido
[59]
et al
found that the expression of SCCA in HCC
and dysplastic nodules was much higher than in
regenerative nodules, indicating that the expression of
SCCA had already increased early in the development
of HCC. Overall, the high sensitivity and low specificity
of SCCA were complementary to AFP, rendering SCCA
a valuable supplementary marker for the diagnosis of
HCC.
An alternative potential biomarker is the variant IgM
immune complex that SCCA has been observed to form
with IgM (SCCA‑IgM IC) when its expression increased
in the early phase of hepatocarcinogenesis. SCCA‑IgM
IC achieved a higher diagnostic performance than
determination of the free biomarker, and furthermore
was undetectable in the serum of a healthy adult.
However, the detection rates of SCCA-IgM IC were
18%, 26%, and 70% in chronic hepatitis, cirrhosis, and
[60]
HCC respectively . The sensitivity and specificity of
SCCA-IgM determination for HCC were thus 89% and
[61]
50%, respectively, with an AUC of 0.66 . Although
the AUC was lower than that of the other discussed
biomarkers, SCCA-IgM IC was consistently increased
in patients with cirrhosis progressing towards HCC
[62]
development, and sensitivity was higher than AFP .
Thus, SCCA-IgM IC may be a valuable serum marker
for early HCC detection in some cases.

Annexin A2

Annexin A2 is a calcium-dependent, phospholipidbinding protein found on the surface of endothelial
[63,64]
cells and most epithelial cells
. It is upregulated in
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many tumor types and has multiple roles in various
tumorigenic processes, including angiogenesis,
proliferation, apoptosis, cell migration, invasion and
adhesion processes, which are essential for cancer
[65-68]
metastasis
. In HCC, serum concentrations of
annexin A2 were found to be frequently elevated
compared to healthy controls and individuals with
[69-71]
benign liver disease or other malignant tumors
.
[72]
Sun et al
also observed increased concentrations of
annexin A2 in 83.2% of early stage HCC (BCLC stages
0 and A) and 78.4% of AFP-negative HCC patients.
Annexin A2 (at 17.3 ng/μL) demonstrated sensitivity
and specificity of 83.2% and 67.5%, respectively in
the detection of early stage HCC, and those of AFP
(15.64 ng/mL) were 54.7% and 81.3%, respectively.
Moreover, the AUC of annexin A2 alone (0.79, 95%CI:
73%‑85%) was greater than for AFP alone (0.73,
95%CI: 66%‑80%). The combination of annexin A2
and AFP however further improved sensitivity and
specificity (87.4% and 68.3%, respectively). Thus,
annexin A2 might be an important independent and
discriminative serological candidate biomarker for
detecting early stage HCC in patients with normal
serum AFP.

Soluble urokinase plasminogen activator receptor

Soluble urokinase plasminogen activator receptor
(suPAR) is the circulating form of the glycosylpho
sphatidylinositol-linked membrane protein, urokinasetype plasminogen activator receptor (uPAR). suPAR
was recently established as a biomarker for the
level of activation of the immune system and cancer
metastasis. suPAR serum levels are elevated in
patients with ovarian cancer, colon cancer, and
[73-75]
HCC
. A prospective study was conducted on
patients (n = 267) with benign liver disease but no
signs of HCC on imaging over the course of 7 years in
order to determine whether serum suPAR would be a
valuable molecular tool for the prediction of the future
[73]
development of HCC . This study revealed that within
the subgroup of the high-risk European Association for
the Study of Liver (EASL), a suPAR concentration of
> 9.56 ng/mL yielded sensitivity of 76.0%, specificity
of 90.4%, and positive and negative predictive values
of 54.3% and 96.2%, respectively, for the eventual
development of HCC. Based on these results, suPAR
has potential as an early predictor to evaluate the risk
of the development of HCC.

Midkine

Midkine (MDK) is a heparin-binding growth factor,
initially identified as a retinoic acid responsive gene,
which plays a critical role in cell growth, survival,
[76]
migration, angiogenesis, and carcinogenesis . In a
study performed on patients newly diagnosed with
HCC, MDK levels were found to be higher in cases
of HCC than cirrhosis (0.625 ng/mL vs 0.15 ng/mL,
P < 0.001) or healthy controls (0.625 ng/mL vs
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[77]

0.125 ng/mL, P < 0.001) . The AUC was at 0.941
(95%CI: 0.890-0.992), and for AFP at 0.671 (95%CI:
0.546-0.796) (P < 0.001). The sensitivity of MDK
(0.387 ng/mL) to discriminate patients with early HCC
(BCLC 0 and A) from those with cirrhosis was 90%,
which was significantly higher than AFP (20 ng/mL) at
40%.

AXL

AXL is a receptor tyrosine kinase that has been
implicated in the proliferation, survival and che
moresistance of many malignancies, including lung,
[78-82]
breast, ovarian, colon and pancreatic cancers
. AXL
is activated by the binding with growth arrest-specific
protein 6 to the extracellular domain and undergoes
proteolytic processing that results in the release of an
[83]
80 kDa soluble form that can be detected in serum .
Increased AXL expression has been identified as a poor
prognostic factor for recurrence-free survival, as well
[80,82]
as overall survival in colon and pancreatic cancer
.
The diagnostic value of AXL in early stage diagnosis
of HCC (BCLC stage 0) was analyzed in a multicenter
[84]
study . The sensitivity of AXL (76.9%) was found to
be much higher than that of AFP (38.5%), and AXL
outperformed AFP (AUC, 0.848 vs 0.797, respectively)
in detecting early stage HCC. Finally, AXL and AFP
together reached an extraordinarily high AUC (0.936)
in detecting early stage HCC, with sensitivity at 80.8%
and specificity at 92.3%.

Thioredoxins

Thioredoxins (TRXs) are thiol oxidoreductases that
are ubiquitously expressed and involved in several
biological processes such as, regulation of protein
states, cellular apoptosis and proliferation, and
[85]
protection against oxidative stress . The expression
of TRXs is increased in many neoplasms, and has been
shown to correlate with prognosis, specifically in lung
[86,87]
[88]
and colorectal carcinoma
. Li et al
reported on
the potential availability of a TRX for the detection of
early stage HCC (well-differentiated, < 2 cm HCC). In
this study, the sensitivity and specificity of TRX (74.9%
and 87.5%, respectively) were higher than for AFP
(68.6% and 75.2%, respectively). Furthermore, with
an AUC of 0.854, TRX outperformed AFP at an AUC
of 0.720 in detecting early stage HCC. Again, when
combined, TRX and AFP were more accurate in the
detection of early stage HCC (AUC, 0.889; sensitivity,
81.3%; specificity, 93.4%).

Nucleic acids

Microarray technology has emerged as a powerful tool
to probe nucleic acids for the identification of many
clinically relevant molecular biomarkers, bringing a
[89,90]
new dimension to disease diagnosis
. By screening
[91]
expression arrays, Shi et al identified three individual
genes associated with HCC development, chemokine
(C-X-C motif) receptor 2 (CXCR2), C‑C chemokine
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receptor type 2 (CCR2) and E1A-binding protein P400
(EP400), and determined their accuracies for detection
of the disease: 82.4%, 78.4% and 65%, respectively.
Combined measurements of the three gene markers
increased the accuracy in the detection of early stage
HCC (stages 0 and A) to 86% (sensitivity, 72%;
specificity, 95%). Moreover, further improvement in
the accuracy (91%; sensitivity, 86%; specificity 95%)
occurred when AFP was included in the profile.

MicroRNAs

MicroRNAs (miRNAs) are endogenous, small (17-25
nucleotides), non‑coding RNAs that bind to comple
mentary sequences in 3’‑untranslated regions of
target mRNAs to induce their degradation. They are
conserved across species, as miRNAs have been
found to regulate diverse processes in worms, flies,
[92]
and mammals, including humans . Approximately
500 miRNA genes have been identified and found
to be important components of complex functional
pathways controlling important cellular processes,
such as proliferation, differentiation, and apoptosis.
In the development of human cancer, miRNAs have
been determined to function both as oncogenes and
[93]
as tumor suppressor genes . Because each type of
miRNA is stable and can downregulate hundreds of
genes at a time, they can control large transcriptional
programs that determine fundamental cellular features.
Such diversity in functional roles enables miRNAs to
be used as diagnostic tools for early cancer detection,
risk and prognosis assessment, and as new therapeutic
[94]
targets .
miRNAs associated with HCC development have
been investigated as biomarkers to diagnose the
disease. Some of these miRNAs have been shown
[95]
to accurately predict poor prognosis in HCC . For
example, studies have indicated that miR 200a and
miR 200b, two members of the miR 200 family, are
deregulated during the development of both HCC and
[96-98]
liver fibrosis
. The increased levels of serum miR-21
have been used to distinguish cases of HCC from
chronic hepatitis and healthy controls. In the case of
HCC vs chronic hepatitis, the sensitivity and specificity
were 61.1% and 83.3%, respectively, with an AUC
of 0.773, and in the case of HCC vs healthy controls
the values were 87.3% and 92.0%, respectively, with
an AUC of 0.773. Both values were superior to that
[99]
of AFP as a biomarker in HCC . Serum miR-15b and
miR-130b are additional potential miRNA markers
[100]
that are significantly upregulated in HCC
. For the
detection of HCC, miR-130b exhibited an AUC of 0.913
(sensitivity, 87.7%; specificity, 81.4%). In contrast,
while the sensitivity of miR-15b for detecting HCC
was extremely high at 98.3%, its specificity was very
poor (15.3%). The high sensitivity of serum miR-15b
and miR-130b as biomarkers for HCC is potentially
favorable, particularly for patients with early stage
HCC, who may have low AFP levels. A panel of seven
miRNAs (miR-122, miR-192, miR-21, miR-223, miR-

WJG|www.wjgnet.com

26a, miR-27a and miR-801) has been shown to have
high diagnostic accuracy in the early diagnosis of HBV[101]
related HCC (BCLC stage 0 and A; AUC, 0.888) .
A few features, in addition to their expression
profiles, make miRNAs particularly attractive as
potential biomarkers. First, since many dysregulated
miRNAs are highly stable and readily detected in
serum and plasma in HCC patients, they may more
generally have high AUCs in the detection of HCC
as well as any other disease state. Second, miRNAs
appear in the urine, which represents a non-invasive
and easily obtainable resource for biomarkers. In fact,
the detection of five deregulated miRNAs (miR-625,
miR-532, miR-618, miR-516-5P, and miR-650) in
the urine has already been used to screen high[102]
risk patients for the early detection of HCC
. The
presence of miRNAs in body fluids, such as urine,
may represent a gold mine of biomarkers for cancer.
However, further investigation is necessary to establish
specific circulating miRNA(s) as reliable and accurate
in the detection of HCC at an early stage.

CONCLUSION
The diagnosis of HCC patients remains difficult,
especially early in the development of the disease, and
yet early and accurate diagnosis of HCC patients is vital
in order to improve prognosis. Promising biomarkers
for diagnosis of HCC have been successfully identified
in several studies. However, current data suggest
that no single biomarker alone is likely to have op
timal sensitivity and specificity for the detection of
HCC, particularly at early stages of development. In
many studies, combinations of several biomarkers
have been shown to complement each other and
improve the early diagnostic rate. Incorporation of
clinical variables, such as age and sex, into models
based on combinations of biomarkers could further
enhance the predictive performance of the models for
HCC detection. More randomized controlled studies
investigating such biomarkers will help to validate
optimal combinations of them for successful detection
of early stage HCC.
Although the emphasis in this review has been
on the early detection of HCC, biomarkers have
an additional exciting role in the development of
personalized treatment. In this regard, any biomarker,
even one with low sensitivity, has the potential to serve
as an important indicator for a molecularly targeted
drug. For example, GPC3-targeted immunotherapy,
including a peptide vaccine and antibody, elicited some
[45]
anti-tumor effect and showed good tolerance . In our
Phase Ⅰ clinical trial of GPC3-derived peptide vaccines,
the disease control rate [partial response (PR) +
stable disease (SD)] was 60.6% at two months after
initiation of treatment. A median survival of 12.2 mo
was observed in patients exhibiting a high frequency
of GPC3-specific cytotoxic T lymphocytes (CTLs) with
no severe adverse events, compared to 8.5 mo in
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individuals with a low GPC3-specific CTL frequency
(P = 0.033). GPC3 antibodies (GC33) had an SD of
[103]
more than 26 wk in 4 of 15 (16.7%) patients
.
The median overall survival in the group with high
expression of GPC3 (49.4 wk) was greater than in the
groups with low or no GPC3 expression (13.0 wk).
In conclusion, advances in technologies, such as
mass spectrometry and next-generation sequencing,
hold great promise for the identification of novel early
diagnostic biomarkers for HCC. Circulating miRNAs
are particularly intriguing as a whole new class of
biomarkers and may outperform traditional serum
protein markers. The added advantages are that some
changes in miRNAs are detected early and in body
fluids so that they can be easily monitored. However,
even if any of the markers discussed perform well
as biomarkers, therapeutic efficacy remains poor,
especially in the absence of imaging. New treatment
options and novel imaging modalities are therefore
desperately needed. Finally, novel biomarkers may
provide important clues to our understanding of
oncogenesis, and ultimately lead to better treatment
strategies. Simultaneous advancement in these many
medical disciplines will hopefully initiate change in the
poor prognosis of HCC patients.
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Abstract
Hepatocellular carcinoma (HCC) is a primary cancer of
the liver that is predominant in developing countries
and is responsible for nearly 600000 deaths each
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year worldwide. Similar to many other tumors, the
development of HCC must be understood as a multistep
process involving the accumulation of genetic and
epigenetic alterations in regulatory genes, leading to
the activation of oncogenes and the inactivation or loss
of tumor suppressor genes. Extensive research over
the past decade has identified a number of molecular
biomarkers, including aberrant expression of HCCrelated genes and microRNAs. The challenge facing
HCC research and clinical care at this time is to address
the heterogeneity and complexity of these genetic and
epigenetic alterations and to use this information to
direct rational diagnosis and treatment strategies. The
multikinase inhibitor sorafenib was the first molecularly
targeted drug for HCC to show some extent of survival
benefits in patients with advanced tumors. Although
the results obtained using sorafenib support the
importance of molecular therapies in the treatment of
HCC, there is still room for improvement. In addition,
no molecular markers for drug sensitivity, recurrence
and prognosis are currently clinically available. In this
review, we provide an overview of recently published
articles addressing HCC-related genes and microRNAs
to update what is currently known regarding genetic
and epigenetic aspects of the pathogenesis of HCC
and propose novel promising candidates for use as
diagnostic and therapeutic targets in HCC.

Core tip: Despite the large number of studies dedicated
to the molecular diagnosis of hepatocellular carcinoma
(HCC), highly sensitive biomarkers of the initiation
and progression of HCC still need to be identified. At
the same time, the development of novel molecular
targeting agents that can surpass the effect of the
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multikinase inhibitor sorafenib is much-anticipated. This
review aimed to update our knowledge of genetic and
epigenetic aspects of HCC by providing an overview of
novel HCC-related genes and microRNAs as candidates
for use as diagnostic and therapeutic targets in HCC.
Kanda M, Sugimoto H, Kodera Y. Genetic and epigenetic aspects
of initiation and progression of hepatocellular carcinoma. World J
Gastroenterol 2015; 21(37): 10584-10597 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i37/10584.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i37.10584

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks among the most
common cancers worldwide and is the third leading
cause of cancer death, accounting for approximately
[1,2]
600000 deaths annually . Although the prevalence
of HCC remains highest in eastern Asia and Africa, the
[3]
incidence is steadily increasing in Western countries .
Controlling HCC is difficult, as recurrence or meta
stasis is quite common in patients, even after the
application of successful topical therapies or curative
[4,5]
hepatectomy . In addition to the high prevalence
of hepatitis C virus (HCV) infection as the main
reason for the increasing incidence of HCC in Western
countries, multiple etiologic factors, including chronic
viral hepatitis B, alcohol consumption and aflatoxin,
have been reported to lead to liver damage and to an
[6-8]
increased incidence of HCC . This situation leads not
only to the requirement for a more complex clinical
approach for HCC but also to high molecular variability
[6]
of the disease .
Complex genetic and epigenetic alterations,
chromosomal aberrations, mutations, and altered
molecular pathways lead to the development of
[9,10]
HCC
. Analyses of genetic and epigenetic alterations
and different molecular pathways involved in the
development of HCC help to identify potential new
[10-12]
diagnostic tools and druggable targets
. The
establishment of a robust molecular classification
will pave the way for a more personalized treatment
[10,13]
scheme for HCC
. In addition, targeted therapies
for HCC are currently under intensive investigation,
and accumulating evidence suggests that combination
therapy targeting different pathways will potentiate
anti-tumoral effects and will become the therapeutic
[14,15]
approach adopted in the future
. The success of
sorafenib has proven the concept that targeted therapy
can confer survival benefits on patients with HCC,
[10,16]
although these benefits have been limited thus far
.
Although the heterogeneity of HCC makes it difficult
to clarify the mechanism of cancer development and
to develop effective therapeutics, molecules that are
potentially responsible for the initiation or progression
[6,7,17]
of HCC have been reported in succession
. In
this article, we review current, updated knowledge
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regarding the molecular pathogenesis of HCC relevant
to the development of novel diagnostic tools and
therapeutic targets by providing an overview of known
genetic and epigenetic alterations without confinement
to specific gene groups, functions and pathways.
Additionally, some representative genes were selected
from each category by the following criteria: (1)
highly-innovative genes or microRNA (miRNA); (2)
data from relatively large number of patients; and (3)
solid data by functional analyses or in vivo study, and
important findings were summarized.

FACILITATORS OF HCC
TUMORIGENESIS; PUTATIVE
ONCOGENES
Abrupt changes in hepatocytes due to viral infection
or exposure to hepatotoxic stress cause activation of
oncogenes via point mutations, gene amplification,
or changes in the promoter region, resulting in tumor
[18,19]
development
. Subsequently, increased expression
of several oncogenes can influence the survival
of cancerous cells by suppressing apoptosis and
[18,20]
regulating the cell cycle
. Thus, artificial inhibition
of oncogenes or their upstream genes could be a
novel therapeutic approach. Recently reported genes
that are upregulated in HCC are summarized in Table
[12,21-51]
1
. Here, we cull some studies from the list and
introduce cogent findings.

Interleukin-6

A relationship between chronic hepatic inflammation
and HCC pathogenesis has been identified in previous
[52]
epidemiologic studies . Following infection with
hepatitis viruses, Kupffer cells activate nuclear factorkB and secrete inflammatory cytokines, including
[53]
[43]
Interleukin (IL)-6 . Chang et al
investigated
the roles of IL-6 in HCC and found that high serum
levels of IL-6 were significantly correlated with
high expression levels of OCT4/NANOG, which is a
pluripotent transcription factor. IL-6 stimulated the
expression of an autocrine insulin-like growth factor-I
and its receptor, depending on signal transducer and
activator of transcription 3, which in turn stimulated
stemness-related properties in both cell lines and
xenografted mouse tumors. Inhibition of the insulinlike growth factor-Ⅰ receptor via RNA interference or
the use of an inhibitory agent significantly suppressed
the IL6-induced stemness-related properties, both in
[43]
vitro and in vivo . Hence, it was indicated that IL-6
plays an important role in the pathogenesis of HCC,
which is initiated by chronic inflammation.

Metastasis associated with colon cancer 1

The metastasis associated with colon cancer 1
(MACC1) gene was first identified as the critical prometastatic factor in human colon cancer and has been
demonstrated to activate the hepatocyte growth factor
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Table 1 Genes upregulated in hepatocellular carcinoma; putative oncogenes
Relevant clinical
factors

Functional analyses

Interacting
molecules

In vivo

Ref.

44

OS, RFS, number,
stage

Chemoresistance,
apoptosis

Yes

40

mRNA, IHC,
WB

61

None

-

21

Embryonic nuclear transcription mRNA, IHC
factor
Cytokine displaying chemotactic
IHC
activity for lymphocytes

112

OS, size, stage

Proliferation,
migration, invasion,
apoptosis
Migration, invasion

NF-κB,
miRNA-21,
PTEN
CDK

-

22

62

-

45

Transport and assembly of newly
synthesized proteins
A lysosomal cysteine proteinase
for intracellular protein
catabolism
Mediator of protein sorting and
membrane trafficking
Forebrain and craniofacial
development
Peripheral membrane protein of
the Golgi stack regulating Golgi
trafficking

IHC

102

OS, RFS, AFP,
size, mumber,
vascular invasion,
differentiation
OS, grade, size

PTEN, Akt,
Snail, EMT
pAKT,
β-catenin,
EMT
-

-

30

mRNA, IHC,
WB

82

OS, RFS, stage,
differentiation

Proliferation, cell
cycle
Proliferation,
tumorigenesis

-

Yes

36

mRNA, IHC

202

-

24

226

Proliferation,
migration
-

-

mRNA, IHC,
WB
mRNA, IHC

OS, size, vascular
invasion
OS, size,
differentiation, AFP
OS, stage

-

-

27

NF-κB

Yes

44

Autoregulatory transcription
factor
HSF1 (8q24.3)
Heat-shock transcription
factor rapidly induced after
temperature stress
IL-6 (7p21)
Cytokine that functions in
inflammation and the maturation
of B cells
ISG15 (1p36.33)
Chemotactic activity towards
neutrophils
KPNA2 (17q24.2)
Nuclear transporter of proteins
and VJ recombination
LGALS3 (14q22.3) Member of the galectin family of
carbohydrate binding proteins

mRNA, IHC,
WB
IHC

112

EMT

-

39

67

OS

Proliferation

-

-

34

mRNA, IHC,
WB, ELISA

120

RFS, vascular
invasion, number

Stemness

IGFIR, OCT4,
NANOG

Yes

43

mRNA, IHC

50

33

314

-

29

mRNA, IHC,
WB

165

OS, microvessel
density

-

31

MACC1 (7p21.1)

Regulator of HGF-HGFR
pathway

mRNA, IHC,
WB

50

OS, grade, stage

Yes

47

Promotor of the cancer cell
adhesion to the vascular
epithelium
Unknown

mRNA, IHC

151

OS

Proliferation,
Survivin
migration
Proliferation,
PLAG1
metastasis
Proliferation,
migration, invasion,
apoptosis
Proliferation,
HGF, c-MET,
apoptosis
PI3K, AKT,
Caspase 9
-

Yes

mRNA, IHC

OS, differentiation,
distant metastasis
OS, RFS, size

-

51

mRNA, IHC

94

-

50

Catalyzing lactic acid and
IHC
pyruvate transport across plasma
membranes.
Extracellular matrix remodeling
IHC
by mediating the internalization
Cell surface tyrosine kinase
mRNA
receptor for platelet-derived
growth factor family
Pyruvate kinase generating ATP mRNA, IHC,
and pyruvate
WB

318

OS, RFS, AFP,
vascular invasion,
differentiation
OS, RFS, AFP, size

Proliferation,
pAKT, HIF-1α
migration, invasion

-

26

OS, number, vascular Migration, invasion
TGFb
invasion
OS, RFS, vascular
Proliferation,
EMT
invasion, microvessel migration, invasion
density
OS, RFS, size,
Proliferation,
pAKT, HIF-1α
vascular invasion,
migration, invasion
differentiation
Differentiation,
Proliferation, cell
caspase 3/8,
capsule invasion
cycle, apoptosis
Bax, Bcl-2

-

25

Yes

38

Yes

46

-

37

-

32

Symbol (location)

Biological function

Expression

AURKA (20q13)

Cell cycle-regulated kinase

IHC

BIRC7 (20q13.3)

Inhibitor of apoptosis protein
family

Brachyury (6q27)
CCL20 (2q36.3)

CCT8 (21q22.11)
CTSL (9q21.33)

CYTH3 (7p22.1)
DLX4 (17q21.33)
GOLPH3 (5p13.3)

GSC (14q32.1)

MAGED2
(Xp11.21)
MAGED4
(Xp11.22)
MCT4 (17q25)

MRC2 (17q23.2)
PDGFRα (4q12)

PKM2 (15q22)

PLK1 (16p12.2)

PTP4A1 (6q12)

Controlling mitotic entry,
centrosome maturation, and
bipolar spindle formation
Regulator of cellular processes,
including cell proliferation and
migration
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n

173

96
57

721

IHC

67

IHC

167

Proliferation,
migration

Chemoresistance,
apoptosis,
angiogenesis,
proliferation
OS, distant metastasis Migration, invasion
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OS

-

Migration, invasion

-

PI3K/AKT/
GSK3β
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SERPINB3
(18q21.3)
SIRT1 (10q21.3)

TPX2 (20q11.2)

TREM1 (6p21.1)

UBE2Q1 (1q21.3)
UBE4B (1p36.3)

Ovalbumin family of serine
proteinase inhibitors
Regulating epigenetic gene
silencing and suppress
recombination of rDNA

mRNA, IHC

67

RFS

-

HIF-2α

-

41

mRNA, IHC,
WB
mRNA

99

Migration, invasion

EMT

Yes

28

-

OS, size, number,
stage
-

miR29c

-

58

IHC

248

RFS

59

130

-

35

mRNA, IHC

86

Yes

62

Receptor belonging to the Ig
mRNA, IHC,
superfamily that is expressed on
WB
myeloid cells
Member of the E2 ubiquitinIHC
conjugating enzyme family
Conjugation factor E4 involved mRNA, IHC,
in multiubiquitin chain assembly
WB

322

OS, RFS,
stage, number,
differentiation
OS, RFS, vascular
invasion, stage
OS, RFS, age, AFP

p53, AMPK,
mTOR
MMP2/9,
pAKT

-

Microtubule organization during mRNA, IHC
mitosis

Proliferation, cell
cycle
Proliferation, cell
cycle
Migration, invasion

-

23

86

OS, grade

-

42

149

OS, grade, stage

-

48

Number, vascular
invasion, capsule
invasion, stage
OS

-

12

Yes

49

VEGF-B (11q13)

Regulator of angiogenesis

mRNA

48

YY1AP1 (1q22)

Unknown

Microarray

76

Proliferation
Proliferation,
IL-1β, TNF-α,
invasion, cell cycle, MCP-1, p65,
apoptosis
STAT3, ERK
Proliferation, cell
p53, p21
cycle
Proliferation,
p53, Bcl-2,
migration, invasion,
caspase 3
apoptosis
-

Proliferation,
apoptosis, spheroidformation

EpCAM

IHC: Immunohistochemistry; WB: Western blotting; OS: Overall survival; RFS: Recurrence free survival; AFP: Alpha-fetoprotein; PIVKA: Protein induced
by vitamin K antagonists.

(HGF)/cellular MET proto-oncogene (c-MET) pathway
[54,55]
through binding to the promoter of c-MET
. Yao et
[47]
al reported that MACC1 expression was upregulated
in HCC tissues and correlated with poor patient
outcome. In functional analyses, MACC1 repressed
HCC cell apoptosis and promoted cell growth, ef
fects which were abolished by the knockdown of
c-MET. MACC1 activated phosphatidylinositol-4,5bisphosphate 3-kinase (PI3K)/AKT signaling by
sensitizing HGF/c-MET signaling and enhanced the
HGF-driven phosphorylation of BCL2-associated
agonist of cell death, caspase-9 and forkhead box
O3 and inhibited their pro-apoptotic functions in HCC
[47]
cells . These authors also demonstrated that MACC1
inhibited cell apoptosis and promoted HCC growth in
[47]
an in vivo study . Thus, MACC1 may be a key factor
in resistance to apoptosis in HCC.

Sirtuin 1

Sirtuin 1 (SIRT1) is a member of the mammalian sirtuin
family, which plays a critical role in the regulation of
critical biological processes such as metabolism, aging,
[56]
oncogenesis, and cancer progression . SIRT1 is the
most well-characterized member of the sirtuin family
and plays a key role in both cell death and survival,
together with other p53 family members, forkhead
box, sub-group O, transcription factors, and the nuclear
[57]
[28]
factor-κB family . Hao et al
found that SIRT1 was
overexpressed in HCC cells and tissues and significantly
promoted the migration and invasion ability of HCC
cells by inducing the epithelial-mesenchymal transition.

WJG|www.wjgnet.com

An in vivo study supported the oncogenic functions of
[28]
[58]
SIRT1 in enhancing metastasis . Bae et al
found
that knockdown of SIRT1 inhibited cell growth by
transcriptional deregulation of cell cycle proteins, leading
to hypophosphorylation of pRb, which inactivated E2F/
DP1 target gene transcription, and thereby caused
the G1/S cell cycle arrest. In addition, miR-29c was
identified as a suppressor of SIRT1 by comprehensive
miRNA profiling and ectopic miR-29c expression
[58]
recapitulated SIRT1 knockdown effects in HCC cells .
[59]
On the contrary, Zhang et al
reported that SIRT1
has anti-carcinogenic effects in HCC via the AMPKmammalian target of rapamycin (mTOR) pathway.
They evaluated the relationship between p53 mutations
and activation of SIRT1 in 252 patients with hepatitis
B virus-positive HCC and found that activated SIRT1
was associated with a longer recurrence free survival
in HCC tissues harbouring mutant p53. Inhibition of
SIRT1 increased cell growth, bearing mutated p53,
by suppressing AMPK activity and enhancing mTOR
[59]
activity . The conflicting results from different papers
indicated that SIRT1 is multi-functional gene and its
biological features are left unsolved.

Targeting protein for Xenopus kinesin-like protein 2

Targeting protein for Xenopus kinesin-like protein 2
(TPX2) is a microtubule-associated protein that affects
spindle assembly in human cells and is upregulated
[60,61]
[35]
in multiple tumor types
. Liu et al
revealed
that TPX2 expression was elevated in HCC cells and
tissues. Clinical analysis indicated that TPX2 expression
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in HCC tissues was evidently correlated with tumor
stage, numbers and differentiation and with patient
survival. TPX2 expression was positively correlated
with matrix metalloproteinase (MMP) 2 and MMP9,
and knockdown of TPX2 using small interfering RNA
prominently reduced cell invasion and migration and
decreased the expression of phosphorylated AKT,
MMP2 and MMP9. TPX2 was able to activate the kinase
[35]
activity of Aurora A . Furthermore, TPX2 upregulated
the activation of the PI3K/AKT signaling pathway and
may mechanistically be associated with the activity
of MMP2, ultimately causing proliferation of cancer
[35]
[62]
cells . Huang et al also investigated the expression
and functions of TPX2 in HCC. They found that TPX2
was overexpressed in HCC cells and tissues from 86
patients, and positive TPX2 expression was significantly
associated with vascular invasion, advanced stage
and shortened overall and recurrence-free survival.
Knockdown of TPX2 reduced cell proliferation and
viability in HCC cells and slowed down tumor growth
[62]
in a mouse xenograft model . Taken together, these
studies indicated that TPX2 may serve as a prognostic
marker and promotes tumorigenesis and metastasis of
HCC.

Triggering receptors expressed on myeloid cells 1

Triggering receptors expressed on myeloid cells 1
(TREM1) is an approximately 30-kDa transmembrane
glycoprotein belonging to the immunoglobulin
[63]
superfamily . TREM-1 consists of a single extracellular
Ig-like region, a transmembrane domain, and a
cytoplasmic domain with no signaling motifs. Activation
of TREM-1 increases the secretion of tumor necrosis
factor alpha (TNF-α), granulocyte-macrophage
colony-stimulating-factor and certain chemokines
and cytokines, suggesting that TRM1 modulates
[64]
[23]
inflammation . Duan et al
evaluated TREM1
expression in 322 patients with HCC and found that
increased TREM-1 expression was associated with
recurrence and poorer survival and was identified as
an independent prognostic factor for recurrence. In
functional analyses, TREM-1 significantly promoted the
proliferation and invasion of HCC cells and inhibited
[23]
their apoptosis . The levels of the proinflammatory
cytokines IL-1b and TNF-α were shown to be regulated
by TREM1 expression, suggesting that TRM1 modulates
[23]
inflammation in liver tissues . Thus, TREM1 may be a
modulator of inflammation and serve as an important
prognostic marker for HCC.

Melanoma-associated antigens D2 and D4

Melanoma-associated antigens (MAGE) are tumor‑specific
antigens and have increasingly been utilized as thera
[65]
peutic targets for immunotherapy . MAGE proteins
are classified into types Ⅰ and Ⅱ . Type Ⅰ MAGE
genes are located on the X‑chromosome and include
MAGE‑A, B and C, which are expressed during germ
[66]
cell development, but not by mature somatic cells .
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By contrast, the localization, expression and oncological
functions of type Ⅱ MAGE proteins, which include
[67,68]
. The function
MAGE‑D, E, F, G and H, are less clear
of MAGE‑D2 is unclear; however, increased MAGE‑D2
expression may promote cancer cell adhesion to the
vascular epithelium. Moreover, MAGE‑D2 has been
reported to protect melanoma cells from tumor necrosis
factor‑related apoptosis‑inducing ligand‑induced
[51]
apoptosis . MAGE-D4 is specifically expressed in
normal brains and ovaries and reportedly contributes to
the proliferation, migration, and invasion of tumor cells
[50]
in breast cancer and oral squamous cell carcinoma .
We recently evaluated the clinical significance of the
expression of MAGE‑D2 and D4 in HCC. Increased
expression of both MAGE-D2 and D4 was associated
with shorter postoperative survival of patients with
HCC and was identified as an independent prognostic
[50,51]
factor
. The expression levels of MAGE-D2 and D4
in HCC tissues represent promising prognostic markers,
and functional analyses are warranted.

GENES SILENCED IN HCC, PUTATIVE
TUMOR SUPPRESSORS
Tumor suppressor genes (TSGs) are typically inactivated
via mutation, deletion, or promoter methylation, which
[69]
silences gene expression . Inactivation of TSGs is
a crucial process for HCC tumorigenesis and for the
[70]
activation of oncogenes . Table 2 provides an updated
list of the genes known to be suppressed in HCC
[71-80]
without hypermethylation
, and overviews of some
individual representative genes are provided.

Aryl-hydrocarbon receptor nuclear translocator 2

Aryl-hydrocarbon receptor nuclear translocator (ARNT)-2
is a transcriptional regulator and a member of the
basic helix-loop-helix/Per-ARNT-SIM superfamily, which
are heterodimeric transcription factors that sense and
respond to environmental signals or to physiological
[81,82]
signals through their two PAS domains
. Li et
[79]
al
showed that a high expression level of ARNT2
in HCC tissues was associated with prolonged overall
and recurrence-free survival. Knockdown of ARNT2
significantly increased the cell proliferation, invasion and
migration ability, whereas forced expression of ARNT2
[79]
inhibited the activities of HCC cells . The influences
of ARNT2 on tumor growth were demonstrated in an
[79]
in vivo study . Hence, ARNT2 may be a potential
biomarker and therapeutic target for HCC.

B‑cell translocation gene 1

B‑cell translocation gene 1 (BTG1) is a translocation
partner of the c‑Myc gene in the case of B‑cell chronic
lymphocytic leukemia and belongs to a family of
[83,84]
antiproliferative genes
. BTG1 is constitutively
expressed in quiescent cells, and its expression is
[85]
downregulated as cells enter the growth cycle . In
breast and ovarian cancer, artificial expression of BTG1
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Table 2 Genes suppressed in hepatocellular carcinoma; putative tumor suppressors
Symbol (location)
ARNT2 (15q24)

BTG1 (12q22)

CDH3 (16q22.1)
EBP1 (12q13.2)
FBLN5 (14q32.1)
Fbxw7 (4q31.3)
GPx3 (5q23)
IGFBP-1 (7p12.3)
LGALS4 (19q13.2)
TIPE1 (19p13.3)

Biological function

Expression

n

Relevant clinical factors

Functional
analyses

Interacting
molecules

In vivo

Ref.

Partner for several sensor
proteins of the bHLH-PAS
family
Regulates cell growth and
differentiation

IHC

195

Yes

79

151

Proliferation,
invasion,
migration
-

-

mRNA, IHC

-

-

80

Calcium-dependent cell-cell
IHC
adhesion glycoprotein
RNA-binding protein involved IHC, WB
in cell growth regulation
Secreted extracellular matrix mRNA, IHC
protein
Ubiquitin-mediated
IHC
degradation of cyclin E
Detoxification of hydrogen
mRNA,
peroxide
IHC, ELISA
Mediator of the IGFs
IHC

69

OS, RFS, age, size, number,
vascular invasion, AFP,
differentiation, stage
OS, RFS, PIVKA-II, size,
differentiation, vascular
invasion, stage, extra‑hepatic
recurrence
Stage

Proliferation

-

-

71

103

OS, grade, size

Growth, cell
cycle
OS, number, vascular invasion,
Migration,
grade, stage
invasion
OS, size, vascular invasion,
Growth,
grade, stage
apoptosis
OS, RFS, size, number, vascular Proliferation,
invasion, stage
invasion
OS, differentiation, cirrhosis,
Invasion
vascular invasion, stage
Size, differentiation, vascular
Migration,
invasion, stage
invasion
OS, grade
Growth,
apoptosis

-

-

74

MMP7

-

76

YAP

Yes

77

Erk, NFκB,
SIP1
MMP9

Yes

75

-

73

-

-

72

Nec-1, Rac-1

Yes

78

Modulating cell-cell and cellmRNA,
matrix interactions
IHC, ELISA
Unknown
IHC

86
60
113
90
201
50

IHC: Immunohistochemistry; WB: Western blotting; OS: Overall survival; RFS: Recurrence free survival; AFP: Alpha-fetoprotein; PIVKA: Protein induced
by vitamin K antagonists.

mediated Bcl‑2‑regulated apoptosis and suppressed
[85]
the proliferation of cancer cells . We recently re
ported that BTG1 expression was frequently reduced
in HCC cells and tissues without point mutations or
[80]
promoter hypermethylation . Downregulation of
BTG1 was significantly associated with poorer survival
[80]
after curative hepatectomy . Thus, BTG1 can be
nominated as a novel predictor of the recurrence of
HCC, and elucidation of the associated regulatory
mechanisms is expected.

Glutathione peroxidase 3

Glutathione peroxidase 3 (GPx3) was found to be
upregulated in acute-phase injury as an anti-oxidant to
protect the organ from oxidative stress by detoxifying
[86]
hydrogen peroxide and other free radicals . Qi
[75]
et al
demonstrated tumor suppressive functions
of GPx3 in HCC. Downregulation of GPx3 in HCC
tissues was significantly correlated with advanced
stages, vascular invasion and poor overall survival.
In addition, the plasma GPx3 level was significantly
associated with tumor size, the number of nodules
and the recurrence rate. Artificial expression of GPx3
inhibited the proliferation and invasion of HCC cells
both in vitro and in vivo. The tumor suppressive
activity of GPx3 was mediated through the Erk-NFκB[75]
SIP1 pathway . Notably, GPx3 could be delivered
into tumors by human-induced pluripotent stem cellderived mesenchymal stem cells and exhibited tumor
[75]
suppressive activity in vivo . Hence, GPx3 is a
candidate HCC-related TSG.
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Fibulin-5

Fibulin-5 (FBLN5) is a member of the fibulin family,
which is characterized by calcium-binding epidermal
growth factor-like repeats and a globular carboxyl[87]
terminal fibulin-type structure . FBLN5 contains an
integrin-binding arginyl-glycyl-aspartic acid motif,
which binds to integrins and mediates endothelial
[88]
cell adhesion . FBLN5 regulates the extracellular
matrix structure and has functions in fibrogenesis,
[89]
[76]
angiogenesis and tumorigenesis . Tu et al revealed
that reduced expression of FBLN5 was frequently
found in HCC cell lines and HCC tissues and was
associated with multiple tumors, vascular invasion,
advanced stages, and consequently, poorer outcomes.
In addition, forced expression of FBLN5 significantly
inhibited the migration and invasion of HCC cells.
Knockdown of MMP7 inhibited the migration and
invasion of HCC cells, and restoring MMP7 expression
[76]
abrogated the tumor-suppressive effect of FBLN5 .
It was indicated that FBLN5 acts as a TSG through the
suppression of MMP7 in HCC.

GENES THAT ARE EPIGENETICALLY
SUPPRESSED IN HCC
The results of epigenetic analyses and methylation
and miRNA profiling are contributing to the knowledge
derived from gene expression data and should not be
[6,90]
forgotten in the molecular diagnosis of HCC
. Unique
epigenetic changes have been identified in different
genes in different tumor types, revealing site-specific
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Table 3 Genes epigenetically suppressed in hepatocellular carcinoma through promoter hypermethylation
Symbol (location)
CLDN3 (7q11.23)

DENND2D
(1p13.3)
DPT (1q12-q23)

DPYSL3 (5q32)

EFEMP1 (2p16)
FBLN1 (22q13)

MEG3 (14q32)

Biological function

Expression

Integral membrane
mRNA, IHC
protein and a component
of tight junction strands
Membrane trafficking
mRNA, IHC
protein regulating Rab
GTPases
Cell-matrix interactions mRNA, IHC,
and matrix assembly
WB
Cell-adhesion factor
involved in the
metastatic process of
tumor cells
Extracellular matrix
glycoproteins
Secreted fibrillar
extracellular matrix
protein
Unknown

TIF1γ (7p22.1)
TUSC1 (9p21.2)

Functional analyses

Interacting
molecules

In vivo

Ref.

114

OS

Motility, invasion,
tumor formation

Wnt, EMT,
β-catenin

Yes

99

92

OS, RFS

-

-

-

100

RhoA, FAK,
c-SRC, α3β1
integrin
VEGF, FAK

Yes

98

-

105

-

-

103

202

OS, RFS, AFP,
Migration,
vascular invasion,
metastasis
differentiation
OS, RFS, AFP,
Migration, invasion
PIVKAII, gender,
vascular invasion,
serosal invasion
OS, liver damage, AFP
-

151

mRNA

48

mRNA, IHC,
WB

48

number, size, stage

-

-

-

96

mRNA

72

OS, RFS, tumor size
and Edmondson grade
none

Proliferation,
apoptosis
-

p53, UHRF1

Yes

102

-

-

11

-

HNF4a, CDX2

-

101

-

-

-

104

-

97
106

Preserve the homeostasis
mRNA
of metals
PDSS2 (6q16.3-21) Synthesis of coenzyme mRNA, IHC
Q10

Secreted extracellular
matrix protein
Unknown
Unknown

Relevant clinical
factors

mRNA, IHC

MT1G (16q13)

RELN (7q22)

n

48
151

mRNA

48

OS, RFS, AFP,
vascular invasion,
differentiation, serosal
invasion, stage
RFS

IHC, WB
mRNA, IHC

204
94

OS, RFS, stage
OS, stage

Invasion, metastasis TGF-β/Smad
-

IHC: Immunohistochemistry; WB: Western blotting; OS: Overall survival; RFS: Recurrence free survival; AFP: Alpha-fetoprotein; PIVKA: Protein induced
by vitamin K antagonists.
[91-93]

methylation profiles
. In hepatocarcinogenesis,
aberrant methylation of tumor-related genes does
not only occur in advanced tumor stages, it is also
[1]
recognized as a frequent and early event . Promoter
methylation of different types of TSGs has been
demonstrated under premalignant conditions, such as
[94,95]
chronic hepatitis or liver cirrhosis
. Moreover, the
frequency of aberrant promoter methylation increases
during the progression from precancerous lesions to
[1]
HCC . Therefore, epigenetic changes in preneoplastic
or early neoplastic stages may serve as an indicator
or biomarker for the screening of patients with an
increased risk for HCC. Novel genes nominated as
candidate methylated TSGs in HCC are listed in Table
[11,96-106]
3
.

Transcriptional intermediary factor 1 gamma

Transcriptional intermediary factor 1 gamma (TIF1γ),
alternatively referred to as tripartite motif 33 (TRIM33),
is a member of the tripartite motif/RING finger, B-box
proteins and is also a member of the E3 ubiquitin-ligase
[107]
family . TIF1γ plays a role in embryonic development,
cell differentiation, transcriptional elongation, cell
mitosis and the regulation of transforming growth
[108]
factor beta (TGF-β) superfamily signaling
. Ding

WJG|www.wjgnet.com

[97]

et al
investigated the expression and functions of
TIF1γ in HCC. The expression level of TIF1γ in HCC
was decreased in parallel with tumor stages and was
significantly associated with patient outcome. TIF1γ
inhibited the invasion and metastasis of HCC cells
in both early- and advanced-stage HCC through the
suppression of TGF-β/Smad signaling and Smad2/3/4
[97]
complex formation in HCC cells . In addition,
hypermethylation of CpG islands in the TIF1c promoter
was found to be responsible for the downregulation
[97]
of TIF1γ . Thus, TIF1γ can be considered as a novel
methylated TSG in HCC.

Dihydropyrimidinase-like 3

Dihydropyrimidinase-like 3 (DPYSL3) is a cell adhesion
molecule and is actively expressed in normal tissues,
including cardiac myocytes, the brain, pineal body,
retina and smooth muscle, and is moderately expressed
[109,110]
in various other tissues, including liver tissues
.
DPYSL3 has been reported to be involved in the metas
tatic process in tumor cells in prostate and pancreatic
[111,112]
cancer
. We found that DPYSL3 was downregu
lated in most HCC cell lines with DPYSL3 promoter
hypermethylation, and its expression was restored
after demethylation. DPYSL3 expression levels were
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inversely correlated with those of vascular endothelial
growth factor (VEGF) and focal adhesion kinase
[105]
(FAK) in both HCC cells and tissues . Knockdown of
DPYSL3 enhanced the migration and invasion of HCC
cells. Patients with extra-hepatic recurrences exhibited
a significantly lower expression level of DPYSL3
mRNA in HCC compared with those without extra[105]
hepatic recurrences
. DPYSL3 was shown to be a
putative HCC tumor suppressor regulated by promoter
hypermethylation.

Dermatopontin

Dermatopontin (DPT) is a tyrosine-rich acidic extra
cellular matrix (ECM) protein that binds to α3β1
integrin and to a proteoglycan receptor during cell
[113]
adhesion
. DPT has multiple biological functions in
physiological and pathological processes. It accelerates
collagen fibrillogenesis and modulates the interaction
[114]
[98]
between decorin and TGF-β . Fu et al
found that
downregulation of DPT was frequently observed in HCC
tissues and was significantly associated with metastasis
and a poor prognosis. Overexpression of DPT inhibited
migration in vitro and intra-hepatic metastasis in
vivo. They also found that DPT was silenced mainly
due to promoter hypermethylation. Inhibition of DPT
resulted in dysregulation of focal adhesion assembly,
decreases of ras homolog family member A, FAK and
c-Src tyrosine kinase phosphorylation via integrin
[98]
signaling . DPT is a putative methylated TSG
mediating the metastatic ability of HCC.

Prenyl diphosphate synthase subunit 2

Prenyl diphosphate synthase subunit 2 (PDSS2) was
[115]
identified in 2005
. It encodes the second subunit
of prenyl diphosphate synthase, which is an essential
enzyme involved in the biosynthesis of coenzyme Q10
(CoQ10), and PDSS2 determines the side-chain length
[116]
of mammalian ubiquinones
. CoQ10 is synthesized
from mevalonic acid in the liver and plays a vital role
in the mitochondrial respiratory chain, pyrimidine
nucleoside biosynthesis and the modulation of cell
[93]
apoptosis . Aberrant expression of PDSS2 in the
liver may cause DNA damage and disrupt the cell
cycle through inhibition of CoQ10 synthesis, leading
[101]
to the initiation and progression of HCC . Recently,
we reported that PDSS2 mRNA expression was
[101]
frequently decreased in HCC cell lines and tissues .
The expression levels of PDSS2 were significantly
correlated with those of hepatocyte nuclear factor
4α. PDSS2 transcription in HCC cells with decreased
PDSS2 expression accompanying hypermethylation
was reactivated after treating these cells with a
methylation inhibitor. PDSS2 expression levels, relative
to those in the uninvolved liver, decreased gradually
[101]
from chronic hepatitis to cirrhosis
. Suppression
of PDSS2 was associated with a worse postoperative
outcome. Decreased levels or hypermethylation of
PDSS2 may represent a novel biomarker of HCC.
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DYSREGULATED MICRORNAS IN HCC
Growing evidence indicates a direct and interdependent
link between epigenetic alterations and changes
in miRNA expression, illustrating the complexity of
[10,117]
epigenetic abnormalities in HCC
. MiRNAs are small
RNA molecules, approximately 22 nucleotides long, that
negatively control the expression of their target genes
[118,119]
posttranscriptionally
. The importance of their
role in cancer is increasingly being demonstrated beca
use they can act as oncogenes or tumor suppressor
[120]
genes
. In HCC, several miRNAs have been shown
to be dysregulated. Some of these miRNAs function as
oncogenes and inhibit apoptosis (miR-221), promote
cell invasion (miR-9) or silence c-Met and, thus, inhibit
[121]
migration and proliferation (miR23b) . Others appear
to show a TSG-like function (miR-101, 195, 122, 338)
[10]
and are silenced in HCC . MiRNA profiling is expected
to be a source of additional information for better
understanding the complex molecular heterogeneity of
HCC, and consequently, providing a rationale for new
[117,118]
therapeutic targets in HCC
. Here, we focus on
some new discoveries regarding miRNAs involved in
[122-132]
HCC progression (Table 4)
.

miR-128-2

[132]

Zhuang et al
attempted to identify serum biomarkers
®
for HCC patients using a TaqMan Low-Density Array.
As a result, miR-128-2 was found to be significantly
upregulated in patients with portal vein tumor throm
bosis. Patients with low levels of serum miR-128-2
[132]
were more likely to show a favorable prognosis
.
In addition, the expression of miR-128-2 in HCC
tissues was upregulated in HCC tissues compared with
[132]
the corresponding non-cancerous liver tissues
.
MiR-128-2 represents a promising serum screening tool
for HCC.

miR-148a

[131]

Li et al
conducted microarray-based miRNA ex
pression profiling in 100 HCC tissues. In patients
categorized as presenting the subtype characterized by
a cancer stem cell-like signature, the expression level
of miR-148a was found to be significantly lower than
in other patients. MiR-148a directly suppressed activin
A receptor type 1 (ACVR1), a key receptor in the bone
morphogenetic protein (BMP) signaling pathway, which
[133]
regulates stem cell markers . Administration of miR148a reduced the aggressiveness of HCC cells both
[131]
in vitro and in vivo
. MiR-148a may contribute to
tumor progression via the miR-148a-ACVR1-BMP-Wnt
circuit in a clinically aggressive stem cell-like subtype
of HCC.

miR-331-3p

It has been reported that miR-331-3p is expressed
abnormally in different tumor types, including gastric
cancer, lung cancer, leukemia, and prostate cancer, and
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Table 4 Dysregulated microRNAs in hepatocellular carcinoma
Sample

n

Relevant clinical factors

Functional analyses

Interacting
molecules

In vivo

Ref.

Tissue
Tissue
Tissue
Serum
Tissue, serum
Tissue
Tissue

200
109
104
20
182
102
97

Growth
-

AP-1
-

Yes
-

122
129
125
127
132
124
126

miR-138
miR-148a

Tissue
Tissue

180
297

OS, vascular invasion, stage
RFS, cirrhosis, stage
OS, size, vascular invasion
Liver damage
OS, liver damage
OS, gender, HBsAg status, size, stage
OS, RFS, HBsAg status, AFP, size, grade,
stage
OS, stage, vascular invasion, stage
OS, size

Yes

130
131

miR-224
miR-331-3p

Tissue
Tissue

130
108

Yes

128
123

microRNA
miR-9
miR-21
miR-106b
miR-122, miR-29
miR-128-2
miR-130a
miR-130b

cyclin D3
Proliferation,
ACVR1, BMP,
migration, invasion
Wnt
OS, RFS, AFP, stage, grade
pAKT
OS, RFS, size, number, vascular invasion
Proliferation,
PHLPP, AKT,
migration, metastasis
EMT

miR: MicroRNA; OS: Overall survival; RFS: Recurrence free survival; HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein.

is associated with the proliferation and migration of
[134,135]
[123]
cancers
. Chang et al
surveyed the expression
of 840 miRNAs in HCC and identified miR-331-3p as
one of the miRNAs that was significantly upregulated
in HCC tissues. MiR-331-3p promoted the proliferation
and metastasis of HCC cells in vitro and in vivo and
[123]
was associated with an impaired prognosis
. PH
domain and leucine-rich repeat protein phosphatase
(PHLPP) was found to be a target of miR-331-3p.
It was demonstrated that overexpression of PHLPP
abrogated the influence of miR-331-3p on HCC
cells, whereas silencing of PHLPP enhanced it. MiR331-3p induced the phosphorylation of AKT and the
[123]
subsequent epithelial-mesenchymal transition . MiR331-3p can be considered as a potential prognostic
biomarker and therapeutic target.

CONCLUSION
HCC is a complex disease with multiple underlying
pathogenic mechanisms caused by a variety of risk
[18]
factors . The lack of good molecular markers for
HCC diagnosis and treatment assessment has posed
[6,18]
a major challenge in health care
. The molecular
profiling of genes provides powerful tools for gaining
insight into the molecular mechanisms underlying
[136]
hepatocarcinogenesis
. Knowledge obtained from
such studies could be translated to develop new
diagnostic, prognostic, and therapeutic targets for
[18,137]
clinical intervention
.
Sorafenib was the first compound shown to sig
nificantly improve the survival of patients with advanced
[10]
HCC . This multikinase inhibitor is active against
Raf-1, VEGF receptor 2, B-Raf, the platelet-derived
growth factor receptor and c-Kit as well as other
[16,138]
receptor tyrosine and serine threonine kinases
.
Preclinical models showed the significant anti-tumoral
activity of sorafenib through reduced cell viability and
[10]
induced apoptosis in vitro and in vivo . The success of
sorafenib is proof of the principle that molecular therapy
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plays an important role in the treatment of advanced
HCC.
Further consideration should be given to developing
more effective molecular diagnostic markers and
targeted drug therapy. It is clear that genetic/epi
genetic alterations are critical determinants of
[9,118]
human hepatocellular cancer
. The progressive
accumulation of genetic/epigenetic changes during the
development of HCC provides a unique opportunity
[6,139]
to use them as biomarkers in cancer detection
.
However, not all aberrations may be equally important
[140]
for the tumorigenic process
. It is unlikely that
all epigenetic aberrations play a significant role in
hepatocarcinogenesis. For example, some genetic/
epigenetic changes may drive other events that
contribute to the formation of a transformed phenotype,
whereas others may be passenger events that
[118]
accompany the transformation process .
By contrast, some compounds belonging to the
group of demethylation agents have progressed to
[6,69]
clinical trials in several human cancers
. One of
the key limitations of these agents is that they do
not act in a gene-specific manner; instead, they
cause global hypomethylation of all genes with CpG
[69]
sequences . To date, the treatment outcome appears
to be better in hematopoietic cancers than solid
[141]
tumors
. The toxicity of nucleoside analogs due to
the nonspecific hypomethylation of potential protooncogenes and retrotransposons has necessitated
the development of other direct or indirect inhibitors
of DNA methyltransferase (DNMT) activity, including
procainamide, green tea polyphenols, epigallocatechin[142]
3-gallate, and antisense oligodeoxynucleotides
.
These compounds are less potent inhibitors of DNMT
activity compared with 5-asa-dC-based compounds, but
they present less toxicity and can potentially be used as
[69,141,142]
an adjunct to nucleoside analog therapy
.
Indeed miRNAs appears promising as diagnostic
tools and miRNA-targeted therapy. However, the
elucidation of downstream molecules is necessary to
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establish highly specific diagnostic and therapeutic
approaches.
Although there is still a long way to go to reach
the goal, the accumulation of knowledge regarding
genetic and epigenetic factors is of key importance to
elucidate the biological features of HCC and overcome
this disease.
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Abstract
Many herbal medicines are effective anti-inflammatory
agents and may therefore suppress the development
of hepatocellular carcinoma (HCC). Recently, treatment
with a single-tablet regimen containing ledipasvir and

WJG|www.wjgnet.com

sofosbuvir resulted in high rates of sustained virologic
response among patients with hepatitis C virus genotype
1 infection who did not respond to prior interferon-based
treatment. Patients with chronic hepatitis C are expected
to receive this treatment worldwide. However, many
patients have hepatitis-like fatty liver and nonalcoholic
steatohepatitis. A strategy to prevent the development
of HCC in this subgroup of patients is urgently required.
Whether herbal medicines can suppress the development
of HCC remains to be established. However, herbal
medicines are effective anti-inflammatory agents and
may inhibit the development of HCC. Clinical trials
exploring the effectiveness of herbal medicines in
the prevention and treatment of HCC are therefore
warranted. The current lack of knowledge and of
educational programs is a barrier to increasing the use
of potentially effective herbal medicines and performing
prospective clinical trials.
Key words: Herbal medicine; Hepatocellular carcinoma;
Anti-inflammatory; Hepatocellular carcinoma prevention;
Chronic hepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Many herbal medicines are effective antiinflammatory agents and may suppress the development
of hepatocellular carcinoma (HCC). Patients with chronic
hepatitis C generally receive ledipasvir and sofosbuvir
worldwide. However, many patients have hepatitislike fatty liver and nonalcoholic steatohepatitis. A
strategy to prevent the development of HCC is urgently
required for this subgroup of patients. Future research
needs to explore the effectiveness of herbal medicines
in preventing and treating HCC. The current lack of
knowledge and of educational programs is a barrier
to increasing the use of potentially effective herbal
medicines and performing prospective clinical trials.
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INTRODUCTION
Many clinical studies have shown that continuous
inflammation is related to the pathogenesis of gastric
[1]
[2]
cancer , colorectal cancer , and cholangiocellular
[3,4]
carcinoma . A relation between hepatitis C virus
(HCV)-associated liver cirrhosis (LC) and hepatocellular
[5]
carcinoma (HCC) has also been reported . Miyakawa
[6]
et al found that continuously elevated serum alanine
aminotransferase (ALT) levels are related to a marked
increase in the risk of HCC. Genetic alterations
most likely accumulate rapidly in the presence of
persistent inflammation, and the multistep process
of carcinogenesis or promotion of tumor growth is
thought to progress more rapidly in patients with
continuously high ALT levels. Herbal medicines with
anti-inflammatory activity have been suggested to
[7]
prevent the development of HCC . In this report, we
review whether herbal medicines are effective antiinflammatory agents that can potentially suppress the
development of HCC.

HCC AND HCV-ASSOCIATED LC
The importance of hepatocytic necrosis in the recur
rence of HCC after hepatectomy has been demons
trated in patients with HCV-associated LC and HCC,
and suppression of the hepatic necroinflammatory
process has been suggested to have an important role
[8]
in preventing HCC recurrence . Accelerated recurrence
of HCC has been shown to be related to high serum
[9]
ALT levels in patients with HCV-associated LC .
Moreover, the development of HCC is more rapid in the
presence of high serum ALT levels in patients with HCV[10]
associated LC . Multicentric hepatocarcinogenesis
strongly correlates with sustained necroinflammation
of the liver in patients with early-stage HCV-associated
[11]
LC . Sustained alleviation of inflammation, as
indicated by low serum ALT levels, provides a survival
advantage mainly attributed to the longer nonrecurrence interval and possibly fewer recurrences
after hepatectomy in HCC patients with HCV-associated
[12]
LC . Persistently high ALT levels for 3 successive years
after the diagnosis of LC can be predictive of a very high
incidence of HCC in patients with Child A HCV-associated
[6]
LC , and a serum ALT level of 80 IU was adopted as a
[8]
cut-off value . Previous studies have suggested that
alleviation of inflammation by anti-inflammatory drugs
may prolong the recurrence-free interval and decrease
the risk of HCC in patients with HCV-associated LC.
In 2006, we reported that herbal medicine effectively
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[7]

reduces serum ALT levels . In that study, we analyzed
outcomes in patients with HCV-LC who received therapy
to reduce ALT levels, with the ultimate goal of finding
a way to prevent the development of HCC from HCVLC. A total of 74 consecutive patients with Child stage
A HCV-LC were followed-up for > 10 years to assess
the development of HCC. They were divided into
two groups: the aggressive treatment group, which
received aggressive ALT reduction therapy, and the
non-aggressive treatment group, which did not receive
aggressive ALT reduction therapy. The patients were
then subdivided into 3 sub-groups according to whether
their serum ALT levels were high, low, or unclassifiable.
In the aggressive treatment group and the nonaggressive treatment group, the high ALT group
respectively comprised 9 and 5 patients whose annual
mean serum ALT levels were persistently high (≥ 80
IU), and the low ALT group respectively comprised 19
and 20 patients whose annual mean serum ALT levels
were persistently low (< 80 IU). The other 11 patients
in the aggressive treatment group and 10 patients in
the non-aggressive treatment group had fluctuating
annual mean serum ALT levels that were unclassifiable
(unclassified group). In the non-aggressive treatment
group, HCC developed in 65.7% of the patients within
13 years, in contrast to only 41.0% in the aggressive
treatment group (p = 0.039). The median time to
HCC development was 12.8 years in the aggressive
treatment group, as compared with only 3.8 years in
the non-aggressive treatment group (p = 0.0013).
Multivariate analysis demonstrated that the mode of
reduction therapy and ALT levels were significantly
related to the development of HCC. The chances of
surviving for more than 10 years without developing
HCC in these patients with Child stage A HCV-LC were
far better in the aggressive treatment group than in
the non-aggressive treatment group. These results
suggested that aggressive therapy to reduce ALT levels
in patients with HCV-LC can significantly prevent the
development of HCC. The herbal medicines used for
aggressive reduction therapy were sho-saiko-to, juzentaiho-to, and Stronger-Neo Minophagen C (SNMC,
[7]
glycyrrhizin) .

HERBAL MEDICINES
Sho-saiko-to

Sho-saiko-to is a herbal medicine used in Japan to
treat chronic viral liver diseases. It acts by reducing
[13]
inflammatory processes and controlling ALT levels .
Sho-saiko-to did not significantly improve liver fibrosis
and related laboratory data irrespective of ALT levels
[14]
in patients with chronic hepatitis C . Some studies
have suggested that sho-saiko-to has no effect on
liver dysfunction. However, most studies have reported
that sho-saiko-to is an effective anti-inflammatory
agent. Bupleurum is one of the ingredients of shosaiko-to. Saikosaponin-A (SSA) and Saikosaponin-D
(SSD) are extracted from bupleurum. SSA is an

10599

October 7, 2015|Volume 21|Issue 37|

Rino Y et al . Herbal medicine and risk of HCC
Table 1 Herbal medicines and their effects
Medicine
Sho-saiko-to
Juzen-taiho-to
SNMC
Baicalein
Ginsenoside

Target

Antiinflammation

HCC

COX2↓
NKT↑
MIP-1a↓
TNF-1a↓

Effective
Effective
Effective

Risk reduction?
Risk reduction?
Risk reduction?

Bcl-2 family
proteins
MMP-1

Apoptosis?
Prevention of
metastasis?

Baicalein is a component of sho-saiko-to. Ginsenoside is a component of
sho-saiko-to and juzen-taiho-to. HCC: Hepatocellular carcinoma; SNMC:
Stronger-Neo Minophagen C; COX2: Cyclooxygenase-2; NKT: Natural
killer T cell; MIP-1a: Macrophage inflammatory protein-1a; TNF-1a:
Tumor necrosis factor-1a; MMP-1: Matrix metalloproteinase-1.

antioxidant. Hepatic proinflammatory cytokines, in
cluding tumor necrosis factor-α (TNF-α), interleukin1β (IL-1β), and IL-6, were significantly inhibited, and
anti-inflammatory cytokine IL-10 was significantly
increased by SSA. SSA suppresses inflammation and
[15]
fibrogenesis . Sho-saiko-to has been reported to be
effective for LC or chronic hepatitis. Pretreatment with
SSD markedly inhibits acute hepatic injury induced
[16]
by carbon tetrachloride (CCl4) . Cyclooxygenase-2
(COX-2) and CCAAT/enhancer binding protein β (C/
EBPβ) have been shown to participate in inflammation
and carcinogenesis, are co-overexpressed in human
HCC tissue and are positively correlated with each
other. SSD prevents diethyl-nitrosamine-induced
[17]
HCC in rats by inhibiting C/EBPβ and COX-2 . SSD
treatment inhibited signal transducer and activator
of transcription 3 (STAT3) activation, reduced the
protein level of hypoxia-inducible factor-1 alpha (HIF1α), and decreased the expression of COX-2. SSD
may target HCC cells by suppressing the expression of
COX-2 through the phosphor-STAT3/HIF-1α pathway
[18]
in HCC . SSA inhibited the growth and DNA synthesis
of HCC cell lines. Sho-saiko-to includes potent
[19]
antitumor components, such as SSA . Sho-saikoto is considered an effective anti-inflammatory agent
that suppresses the development of HCC by inhibiting
COX-2 (Table 1).

Juzen-taiho-to

Juzen-taiho-to was found to increase the secretion of
interferon-γ (INF-γ) as well as IL-4, IL-5, and IL-6 from
stimulated hepatic lymphocytes, whereas IL-2 secretion
was reduced. Modulation of cytokine secretion by
juzen-taiho-to might not result from changes in the
number of cytokine-secreting cells within hepatic
lymphocytes. The CD4/CD8 ratio and αβ/γδ T-cell
receptor (TCR) ratio in hepatic lymphocytes were
unchanged. However, flow cytometric analysis revealed
that the population of CD3-positive intermediate cells
among natural killer-positive cells (natural killer T cells,
NKT cells) increased after oral administration of juzen-
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taiho-to. Juzen-taiho-to enhanced transcription of IL-12
mRNA in the liver. A rise in the NKT cell population
contributes, at least partially, to the modulating effect
of juzen-taiho-to on cytokine production in hepatic
lymphocytes and macrophages. The production of
IL-12 in liver may also contribute to the induction
[20]
of NKT cells . Juzen-taiho-to is thus considered to
suppress hepatic inflammation and induce NKT cells.
On the other hand, some authors have reported that
juzen-taiho-to does not improve liver dysfunction for
the following reasons: The preventive effect of juzentaiho-to on hyperammonemia occurring after partial
hepatectomy was examined. Pre-surgical treatment
with juzen-taiho-to was found to significantly suppress
this post-surgical hyperammonemia. However, juzentaiho-to did not improve post-surgical liver dysfunction.
Juzen-taiho-to administration stabilized the intestinal
microbiota and maintained the pre-surgical microbial
[21]
environment of the gut . Juzen-taiho-to was thus
suggested to be ineffective for liver dysfunction.
On the other hand, sho-saiko-to and juzen-taiho-to
inhibited necroinflammation and fibrosis in the liver of
a mouse model of nonalcoholic steatohepatitis (NASH),
although the underlying mechanisms were not fully
[22]
elucidated . Overall, juzen-taiho-to appears to be an
effective anti-inflammatory agent that induces NKT
cells (Table 1).

SNMC, glycyrrhizin

SNMC is a herbal medicine used in Japan to treat
chronic viral liver diseases. It acts by reducing in
[23]
flammatory processes and controlling ALT levels .
Historical sources for the use of glycyrrhizin species
include ancient manuscripts from China, India, and
Greece. They all mention its use for symptoms of viral
[24]
respiratory tract infections and hepatitis . Moreover,
a preparation of glycyrrhizin combined with glycine
and cysteine (SNMC) has been widely and successfully
used in Japan as an antihepatitis drug, although its
mechanism of pharmacological action was unclear as
[25]
of 1982 . Recently, its mechanism of pharmacological
action was reported. 18β-glycyrrhetinic acid (GA)
reduced macrophage inflammatory protein (MIP)-1α
expression on Kupffer cells by down-regulating MyDD88
expression and inhibiting NF-κB activation. GA exerts
[26]
anti-inflammatory activity by inhibiting MIP-1α .
CCl4 induced liver injury and markedly increased the
level of circulating TNF-α in mice, which was reduced
by glycyrrhizin. The levels of hepatic inducible nitric
oxide (NO) synthase, COX-2, and heme oxygenase-1
protein expression were markedly higher after CCl4
treatment. Glycyrrhizin diminished the increases
in inducible NO and COX-2, but further augmented
the protein expression of heme oxygenase-1.
Glycyrrhizin alleviates CCl4-induced liver injury, and
this protection is most likely due to the induction
of heme oxygenase-1 and the down-regulation of
[27]
proinflammatory mediators .
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In mice with ConA-induced hepatitis, the production
of IL-6 and IL-10 was enhanced by diammonium
glycyrrhizinate (DG), which is extracted and purified
from Radix glycyrrhizae. DG may protect the liver
from injury via two pathways: direct protection
of hepatocytes from apoptosis through an IL-6dependent pathway and indirect suppression of T-cellmediated inflammation through an IL-10-dependent
[28]
pathway . On the basis of clinical and histological
markers, it was concluded that SNMC can suppress
liver necrosis and inflammation in patients with chronic
hepatitis C, suggesting that long-term treatment
with the product might be useful for preventing liver
[7,29]
cirrhosis and HCC
. SNMC is considered an effective
anti-inflammatory agent that suppresses COX-2 mRNA
expression (Table 1).

Other herbal medicines

Baicalein and baicalin may have beneficial effects on
[30-33]
the development of hepatic steatosis and fibrosis
.
In addition, flavonoids from Scutellaria baicalensis
Georgi (baicalein, baicalin, and wogonin) dosedependently decreased HCC cell viability in association
with the collapse of mitochondrial membrane
potential and the depletion of glutathione content.
These flavonoids resulted in a prominent increase in
the G2/M population in one HCC cell line, whereas
an accumulation of the sub-G1 (hypoploid) peak
was observed in another HCC cell line. In other cell
lines, baicalein and baicalin dramatically boosted the
hypoploid peak, whereas wogonin mainly affected G1
phase accumulation. Baicalein, baicalin, and wogonin
might be effective candidates for inducing apoptosis
or inhibiting proliferation in various human HCC cell
[34]
lines . Baicalein is a component of sho-saiko-to.
Ginsenoside inhibited tumor growth in vivo and
prolonged mouse survival time by inducing HCC cell
apoptosis via an intrinsic pathway by altering Bcl-2
[35]
family proteins . Ginsenoside suppresses matrix
metalloproteinase-1 (MMP-1) expression by inhibiting
activator protein-1 and the mitogen-activated protein
kinase signaling pathway in human HCC cells. Therefore,
ginsenoside has potential for the development of
novel chemotherapeutic agents for the treatment and
prevention of metastasis from HCC related to MMP-1
[36,37]
expression
. Ginsenoside is a component of shosaiko-to and juzen-taiho-to (Table 1).

CONCLUSION

combination tablet containing ledipasvir and sofosbuvir
resulted in high rates of sustained virologic response
among patients with HCV genotype 1 infection who had
[38]
not responded to prior interferon-based treatment .
Patients with chronic hepatitis C in all countries will
generally receive this treatment. However, many
patients have hepatitis-like fatty liver and NASH. To
date, the prevalence of NASH in the general population
has not been clearly defined. An autopsy study from
the late 1980s estimated that the prevalence of NASH
was 2.7% among lean individuals, rising to 18.5%
among markedly obese patients. More recently, a study
evaluating donor livers before transplantation found that
[39]
the prevalence of NASH ranged from 1.1% to 14% .
A strategy to prevent the development of HCC in such
patients is urgently required.
A national survey evaluating oncologists’ knowledge,
attitudes, and practice patterns regarding herb and
supplement use by patients with cancer in the United
States was reported in December 2014. Oncologists
discussed the use of herbs and supplements with 41%
of their patients. Two of three oncologists indicated they
did not have enough knowledge to respond to questions
from patients regarding herbs and supplements, and
59% had not received any education about herbs or
[40]
supplements .
Evidence to show that herbal medicines can
suppress the development of HCC remains to be
established. However, herbal medicines are effective
anti-inflammatory agents and may suppress the
development of HCC. Clinical trials exploring the
effectiveness of herbal medicines in the prevention
and treatment of HCC are therefore warranted. The
current lack of knowledge and of educational programs
is a barrier to increasing the use of potentially effective
herbal medicines and performing prospective clinical
trials.
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patients receive transarterial chemoembolization (TACE).
Patients with intermediate-stage HCCs are regarded as
good candidates for TACE. However, the intermediate
stage includes non-homogeneous patients. Some
movements are underway to stratify patients using
prognostic factors to identify patient groups exhibiting
greater benefit from TACE than other patient groups.
This review describes two substaging systems that
subclassify intermediate-stage HCCs and discusses the
importance of dividing intermediate-stage patients.
Key words: Hepatocellular carcinoma; Intermediatestage; Chemoembolization; Child-Pugh score; prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are movements to divide the intermediate
stage of hepatocellular carcinoma (HCC) because of
the diversity of intermediate-stage patients. This review
describes two substaging systems (Bolondi substaging
system and substaging system proposed by Japanese
Society of Transcatheter Hepatic Arterial Embolization)
that subclassify intermediate-stage HCCs and discusses
the importance of dividing intermediate-stage patients.
Yamakado K, Hirota S. Sub-classification of intermediate-stage
(Barcelona Clinic Liver Cancer stage-B) hepatocellular carcinomas.
World J Gastroenterol 2015; 21(37): 10604-10608 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i37/10604.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i37.10604

Abstract
Hepatocellular carcinoma (HCC), the fifth most common
cancer in the world, shows increasing incidence
worldwide. Curative treatments such as hepatectomy,
liver transplantation, and radiofrequency ablation are
applied in only 30%-60% of cases. Most remaining
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INTRODUCTION
Hepatocellular carcinoma (HCC), the fifth most common
cancer in the world, shows increasing incidence world
[1]
wide . Curative treatments such as hepatectomy, liver
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Table 1 Substaging of intermediate-stage; Bolondi substaging
system
Intermediate
substage
Child-Pugh score
Up-to-7 criterion
1st option
Alternative

Median survival
time (mo)

B1

B2

B3

B4

5-7
In
TACE

5-6
Out
TACE or
TARE
Sorafenib

7
Out

8-9
Any
BSC

LT
TACE +
Ablation
41.0

22.1

Research trial LT
TACE
Sorafenib
14.1
17.2

Modification from Reference[9,11]. TACE: Transarterial chemoembolization;
TARE: Transarterial radioembolization; LT: Liver transplantation; BSC: Best
supportive care.

transplantation, and radiofrequency ablation (RFA)
are applicable in only 30%-60% of patients having
[1]
HCCs . Most remaining patients undergo transarterial
chemoembolization (TACE) as a palliative treatment.
Several studies have demonstrated that TACE provides
[2-5]
better survival than the best supportive care .
The Barcelona Clinic Liver Cancer (BCLC) staging
system, which has come to be accepted world-wide for
clinical practice, divides HCC patients according to five
stages (0, A, B, C, and D) depending on tumor-statusrelated parameters (size, number, vascular invasion,
N1, M1), liver function (Child-Pugh grade), and health
[6]
status (ECOG) . In fact, TACE is recommended as the
standard treatment, which is positioned as a palliative
[2]
treatment, of BCLC stage-B HCC patients . Actually,
BCLC stage-B, which is defined as intermediate stage,
includes diverse patients having Child-Pugh grade-A
and grade-B liver function with four or more tumors
irrespective of size, or 2-3 tumors larger than 3 cm in
maximal diameter, in the absence of cancer-related
symptoms, macrovascular invasion, or extrahepatic
[2]
spread . Untreated patients at an intermediate stage
- BCLC stage-B reportedly present median survival of
[3,7]
[8]
16 mo , or 49% at two years . TACE can extend the
survival of these patients to a median of up to 19-20 mo
[3]
according to RCT and meta-analysis of pooled data .
Although inhomogeneous patients make up the
intermediate stage, it remains unclear whether there
might be any subgroup stratification for which TACE
can provide better prognosis than others. To explore
this question, there are movements underway to
divide the intermediate stage into several substages
to stratify patients based on the prognosis following
TACE.
This review presents subclassification of the
intermediate stage and describes new strategies to
treat intermediate-stage HCCs.

BOLONDI SUBGROUP SYSTEM
[9]

Bolondi et al

advocated the division of the intermediate
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stage to tailor therapeutic interventions based on
the evidence and expert opinion available to date. To
distinguish major from minor tumor burdens, which
would influence the allocation of patients to TACE/TAE
or to alternative treatments such as radioembolization,
transplantation or sorafenib, they selected the up-toseven (up-to-7) criterion, which enables identification
of a subgroup of patients with long survival after
[10]
transplantation . Regarding liver function, subgroups
are defined by the Child-Pugh score and grade. They
divided the intermediate stage into four sub-stages and
suggest recommended treatments based on each substage (Table 1).
Recently, one study validated this substaging
[11]
system . The system respectively classified 101
(21.7%), 232 (49.8%), 35 (7.5%), and 98 (21.0%)
patients as B1, B2, B3, and B4. Median survival
times were 41.0 mo, 22.1 mo, 14.1 mo, and 17.2
mo, respectively, in B1, B2, B3, and B4 patients. A
significant difference was found in median survival
time between B1 and B2 (P < 0.001), and B2 and B3 (P
= 0.004), but not between B3 and B4 (P = 0.48).
In the Bolondi substaging system, TACE is recom
mended as the first therapeutic option for patients
with well-preserved liver function (Child-Pugh scores
5-7) (B1 and B2) (Table 1). However, TACE is not
recommended as the first therapeutic option in
patients with Child-Pugh scores of 8 and 9 (B4).
Furthermore, research trials are recommended for
patients with Child-Pugh score 7 liver function and
HCCs beyond up-to-7 criterion.

PROPOSAL FROM THE JAPANESE
SOCIETY OF TRANSCATHETER HEPATIC
ARTERIAL EMBOLIZATION
The Japanese Society of Transcatheter Hepatic Arterial
Embolization (JSTHAE) proposed an intermediatestage subclassification using 4-of-7 cm (4-of-7 cm)
[12,13]
. Yamakado
criterion and the Child-Pugh score
[12]
et al
demonstrated that four tumors measuring
7 cm or smaller (4-of-7 cm criterion) and ChildPugh grade-A were favorable prognostic factors
for intermediate-stage HCC patients. First, they
divided the intermediate stage into four subgroups
by combination of 4-of-7 cm (in and out) and ChildPugh grade (A and B). A patient subgroup including
patients having a Child-Pugh grade-A liver profile and
HCC lesions within the 4-of-7 cm criterion exhibited
significantly better overall survival than the other three
[12]
patient subgroups . However, it was impossible to
find a patient subgroup that does not reap a benefit
from TACE. They sought poor prognostic factors by
assessing the relation between the Child-Pugh score
[13]
and prognosis after TACE . Two-year survival rates
were 77.5% in Child-Pugh-5 patients (p = 0.047, vs
Child-Pugh-6), 65.1% in Child-Pugh-6 patients (p
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[14]

Table 2 Substaging of intermediate-stage; proposal from
japanese society of transcatheter hepatic arterial embolization
Intermediate-substage

B1

B2

B3

Child-Pugh score
4-of-7 cm criterion

5-6
In

5-8
In (CP 7-8)
or
Out (CP 5-8)
59.5%
28.1

9
Any

2-yr survival rate
Median survival time (mo)

77.2%
40.5

16.7%
13.0

CP: Child-Pugh.

= 0.038 vs Child-Pugh-7), 51.3% in Child-Pugh-7
patients (p = 0.30 vs Child-Pugh-8, p = 0.034 vs
Child-Pugh-9), 50.3% in Child-Pugh-8 patients (p =
0.0065 vs Child-Pugh-9), and 16.7% in Child-Pugh-9
patients. Although patient subgroups having ChildPugh classes 5-8 reaped a survival benefit from TACE
compared to those assessed by patient history (2-year
survival rate of 22%-27%), patients having Child-Pugh
score-9 did not reap a benefit from TACE[4,8].
They divided the intermediate-stage into three
substages based on the 4-of-7 cm criterion and ChildPugh score (Table 2). One substage (B1) consisted of
Child-Pugh grade-A patients with HCC lesions within
the 4-of-7 cm criterion. The second substage (B2)
included patients other than B1 and B3. The third
substage (B3) included patients with Child-Pugh score
9. The 2-year survival rates and the median survival
time were 77.2% and 40.5 mo in B1, 59.5% and 28.1
mo in B2 and 16.7% and 13.0 mo in B3. Significant
differences were found in survival between patient
groups: B1 vs B2 (p < 0.0001) and B2 vs B3 (p =
0.0014).

DISCUSSION
The problem of the BCLC staging system lies in its
simplicity of recommending only TACE, although the
intermediate-stage includes an extremely diverse set
of patients. This review introduced two substaging
systems to divide intermediate stage patients. The
review shows that patient subgroups that benefit more
from TACE than other subgroups can be identified.
Subgroups including patients having a better liver
profile (Child-Pugh grade-A) and less tumor burden (upto-7 or 4-of-7 cm criterion) benefit more. Furthermore,
both substaging systems reveal patient subgroups that
[9]
do not reap a benefit from TACE. Bolondi et al do not
recommend TACE in Child-Pugh score of 7 patients
beyond up-to-7 criterion (B3) and Child-Pugh score of
8-9 patients, irrespective of the HCC condition (B4).
[13]
However, Yamakado et al
pointed out that TACE is
not as beneficial as patient history for patients with
Child-Pugh score 9. Little controversy has arisen for
alternatives to TACE for patients with poor liver function.
Two prognostic scoring systems have been recently
[14,15]
developed in patients with HCC who undergo HCCs
.
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Kadalayil et al have proposed the Hepatoma arterialembolisation prognostic (HAP) score to predict clinical
outcomes after TACE. They use the serum albumin
level, bilirubin level, alpha-fetoprotein level, and
tumor size of 7 cm as prognostic factors. Hucke et
[15]
al
have developed the Selection for TrAnsarterial
chemoembolisation TrEatment (STATE) score in order to
guide the decision for the first treatment with TACE in
patients with HCCs. They used the serum albumin level,
[15]
up-to-seven criteria, and C-reactive protein .
There have been no consensus which subclassi
fication or scoring system is superior to others.
Recent studies have demonstrated the utility of
hepatectomy and RFA even in intermediate-stage
[16-18]
HCC patients
. Results of many studies have
demonstrated that tumor diameter is not a limitation of
hepatectomy with 5-year survival rates of 20%-30% in
patients with large HCCs greater than 10 cm that are
[19,20]
much better than those derived from patient history
.
Although therapeutic results following hepatectomy
worsen as the tumor number increases, these re
sults are better than those following other palliative
[21,22]
treatments and supportive care
. No evidence exists
for a tumor number that provides a survival benefit to
patients undergoing surgical intervention, although a
tumor number of up to three has been widely accepted
as a good indication for locoregional treatments such as
RFA. Therefore, hepatectomy is recommended when the
tumor number is 3 or fewer, irrespective of tumor size.
[9]
Bolondi et al recommended a combination of RFA
with TACE as the alternative to TACE in B1 subgroup
[13]
patients (Table 1). Yamakado et al
reported the
application of curative treatments such as hepatectomy
and RFA in the intermediate stage. However, it is not
clear for two criteria derived from the tumor number
and size: Results show that the up-to-seven criterion
and the 4-of-7 cm criterion can be useful milestones for
locoregional treatment in patients with intermediatestage HCCs.
[9]
Bolondi et al suggested the use of sorafenib in B2
and B3 substage patients (Table 1). After TACE fails to
control HCC lesions, sorafenib is recommended to treat
[23]
HCCs . The median survival times after sorafenib
administration were 10.7 mo in SHARP trial and 6.5 mo
in the Asia-Pacific trial, although not all patients had
[23,24]
. According
TACE-refractory HCC in these studies
to Japanese guidelines, sorafenib is usually used after
both TACE and hepatic arterial infusion chemotherapy
fail to control disease, although few data exist to show
that hepatic arterial infusion chemotherapy is useful
[25,26]
.
for prolonging survival of TACE-refractory patients
One prospective study featuring hepatic arterial infusion
chemotherapy using a suspension of iodized-oil and
cisplatinum has shown the encouraging one-year
survival rate of 57% with median survival time of 13
[27]
mo in patients with TACE-refractory HCCs . However,
another study featuring fine-powder formulation of
cisplatin has shown limited clinical utility, with a one-
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year survival rate of 27% and median survival time of 7.1
[28]
mo in patients with TACE failure HCCs .
In conclusion, movements to divide the intermediate
stage of HCCs are underway because of the diversity of
intermediate-stage patients. Validation of the substaging
system must be done to allocate therapy appropriately
in the new substaging systems, not only with TACE
but also locoregional treatments such as hepatectomy
and RFA, liver transplantation, hepatic arterial infusion
chemotherapy, sorafenib, and best supportive care
depending on the tumor number and size, and liver
function reserve.
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Abstract
Parkinson’s disease (PD) is characterized by alphasynucleinopathy that affects all levels of the braingut axis including the central, autonomic, and enteric
nervous systems. Recently, it has been recognized
that the brain-gut axis interactions are significantly
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modulated by the gut microbiota via immunological,
neuroendocrine, and direct neural mechanisms. Dys
regulation of the brain-gut-microbiota axis in PD may
be associated with gastrointestinal manifestations
frequently preceding motor symptoms, as well as with
the pathogenesis of PD itself, supporting the hypothesis
that the pathological process is spread from the gut to
the brain. Excessive stimulation of the innate immune
system resulting from gut dysbiosis and/or small in
testinal bacterial overgrowth and increased intestinal
permeability may induce systemic inflammation, while
activation of enteric neurons and enteric glial cells may
contribute to the initiation of alpha-synuclein misfolding.
Additionally, the adaptive immune system may be
disturbed by bacterial proteins cross-reacting with human
antigens. A better understanding of the brain-gutmicrobiota axis interactions should bring a new insight
in the pathophysiology of PD and permit an earlier
diagnosis with a focus on peripheral biomarkers within
the enteric nervous system. Novel therapeutic options
aimed at modifying the gut microbiota composition and
enhancing the intestinal epithelial barrier integrity in PD
patients could influence the initial step of the following
cascade of neurodegeneration in PD.

Core tip: Parkinson’s disease (PD) is characterized
by alpha-synucleinopathy affecting all levels of the
brain-gut axis. Both clinical and neuropathological
evidences indicate that neurodegenerative changes
in PD are accompanied by gastrointestinal symptoms
that may precede or follow the central nervous system
impairment. Dysregulation of the brain-gut-microbiota
axis may significantly contribute to the pathogenesis
of PD. The gut seems to play a critical role in the
pathophysiology of PD representing a rout of entry for a
putative environmental factor to initiate the pathological
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process. The close relationship between gut dysbiosis,
intestinal permeability and neurological dysfunction
suggests that the gut microbiota modification may
provide a promising therapeutic option in PD.
Mulak A, Bonaz B. Brain-gut-microbiota axis in Parkinson’s disease.
World J Gastroenterol 2015; 21(37): 10609-10620 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i37/10609.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i37.10609

INTRODUCTION
Parkinson’s disease (PD) is a multicentric neurode
generative disorder characterized by the accumulation
and aggregation of alfa-synuclein (α-syn) in the
substantia nigra in the central nervous system (CNS)
[1,2]
and in other neural structures . The classical motor
symptoms like bradykinesia, resting tremor, rigidity
and late postural instability result from the death of
dopamine-generating cells in the substantia nigra. There
is also a wide spectrum of non-motor manifestations
involving for example olfactory (loss of smell), gas
trointestinal (GI), cardiovascular, and urogenital
[3]
systems . It has become evident that the different
levels of the brain-gut axis including the autonomic
nervous system (ANS) and the enteric nervous system
[4-8]
(ENS) may be affected in PD . Recently, it has been
also recognized that the brain-gut axis interactions may
[9-12]
be essentially influenced by the gut microbiota
. On
the one hand, dysregulation of the brain-gut-microbiota
axis in PD may result in GI dysfunction, which is present
[13]
in over 80% of PD subjects . On the other hand, this
dysregulation may also significantly contribute to the
pathogenesis of PD itself, supporting the hypothesis that
the pathological process is spread from the gut to the
[4,7]
brain .

INTERACTIONS WITHIN THE BRAIN-GUTMICROBIOTA AXIS
Bidirectional communication between the CNS and the
GI tract - the brain-gut axis - occurs both in health
and disease. The neural network for the control of GI
functions involves the intrinsic and extrinsic nervous
systems and forms a hierarchic four-level integrative
[14,15]
organization
.
The first level is the ENS represented by neurons of the
myenteric (Auerbach’s) and submucosal (Meissner’s) plexi
[16]
and enteric glial cells (EGCs) . Local reflexes, such as
the migrating motor complex and peristaltic reflex, are
under the ENS control through intrinsic primary afferent
neurons (IPANs). The IPANs, located in the myenteric
and submucosal plexi, project dentritic processes
that synapse with motor neurons and interneurons.
The primary excitatory enteric motor neurons and
interneurons are cholinergic. Neurons expressing
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VIP and/or NO elicit smooth muscle relaxation, and
submucosal VIP neurons also stimulate intestinal
[17]
secretion . Enteric dopaminergic neurons, which
may inhibit intestinal motility, are also present and
distributed along an oral-aboral gradient within the GI
[17]
tract . Dopaminergic neurons account for 14%-20%
of the enteric neurons of the upper GI tract, whereas
their proportion decreases to 1%-6% in the lower small
[17]
intestine and large bowel .
The second level is the prevertebral ganglia mo
[18]
dulating many peripheral visceral reflex responses .
The third level is the ANS within the spinal cord
[origin of the sympathetic (T5-L2) and sacral (S2-S4)
parasympathetic nervous systems] and the brainstem
with the nucleus tractus solitarius (NTS) and dorsal
motor nucleus of the vagus nerve (DMVN), which
receives and gives origin to the afferent and efferent
fibers of the vagus nerve (VN), respectively. The
DMVN influence is most prominent in the upper GI
tract, where cholinergic myenteric neurons mediate
vagal excitatory effect, and VIP/NO neurons mediate
[19]
inhibitory reflexes .
The fourth level includes higher brain centers.
Information from the cortical and subcortical centers,
including the basal ganglia, funnels down to specific
brainstem nuclei, from where many GI functions are
controlled. Disturbances at every level of that neural
control may affect modulation of the GI functions
including mechanisms at the local enteric reflexes, and
[15]
extrinsic neural control .
Recently, a role of the enteric microbiota, inclu
ding both commensal and pathogenic organisms, in
the brain-gut axis interactions has been essentially
[10]
recognized . This has been reflected by a revised
nomenclature to the more inclusive brain-gut-enteric
[9]
microbiota axis . The impact of the gut microflora on
the brain-gut axis regulation involves immunological,
[12]
neuroendocrine, and direct neural mechanisms .
The gut microbiota is known to upregulate local and
systemic inflammation due to lipopolysaccharides
(LPS) from pathogenic bacteria and synthesis of proinflammatory cytokines. Excessive stimulation of the
innate immune system resulting from gut dysbiosis
and/or small intestinal bacterial overgrowth and in
creased intestinal permeability may produce systemic
[20]
and/or CNS inflammation . Additionally, the adaptive
immune system may be disturbed by bacterial proteins
cross-reacting with human antigens. The gut bacteria
are able to synthesize numerous neurotransmitters
and neuromodulators such as γ-aminobutyric acid,
[12,21]
.
serotonin, dopamine or short-chain fatty acids
The production of these neurochemicals enables also
intracellular communication between the members
of the microbiota. Therefore, the existence of socalled “microbial organ-specific nervous system” could
[21]
be even speculated . Bacterial enzymes may also
produce neurotoxic metabolites such as D-lactic acid
[20]
and ammonia . The direct neural communication
between the gut and the brain occurs via the VN,
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as bacteria can stimulate afferent neurons of the
[22]
ENS . Vagal signals from the gut can evoke an antiinflammatory response protecting against microbialinduced sepsis in a nicotinic acetylcholine receptor
α7 subunit-dependent manner. Many of the effects
of the gut microbiota or potential probiotics on brain
function have been shown to be dependent on vagal
[10,11,22]
activation
. Furthermore, bacterial colonization of
the gut plays a major role in the postnatal development
and maturation of the immune, endocrine and even
[23]
neural systems . These processes are key factors
underpinning CNS signaling. Dysfunction of the braingut-microbiota axis has been implicated in stress-related
disorders such as depression, anxiety, irritable bowel
syndrome, and inflammatory bowel disease, as well as
[12,23-26]
neurodevelopmental disorders such as autism
.

GASTROINTESTINAL DYSFUNCTION IN
PARKINSON’S DISEASE
Among many causes of parkinsonism, including
multiple system atrophy, progressive supranuclear
palsy or corticobasal degeneration, GI symptoms have
[13]
been best characterized in the classical PD . In the
[27]
study of Edwards et al
evaluating the frequency of
various GI symptoms in 98 patients with PD, abnormal
salivation, dysphagia, nausea, constipation and de
fecatory dysfunction were present in 70%, 52%, 24%,
29%, and 66% of subjects, respectively. Among the
studied parameters, only PD activity and duration
correlated with GI dysfunction. No correlation was
found between the GI symptoms and patients’ age,
gender, antiparkinsonian treatment, level of activity or
[27]
dietary fiber intake .
Hypersalivation typical in PD results not from sa
livary hypersecretion (in fact saliva production is even
diminished), but from decreased swallowing frequency.
Swallowing dysfunction may be symptomatic in up
[28]
to 50% of PD patients . Apart from common oropharyngeal dysfunction described in videofluoroscopy
in more than 85% of PD cases, significant dysfunction
in either the esophageal body or lower esophageal
sphincter has been also revealed in 61%-73% of
[28-30]
patients during esophageal manometry
. A serious
complication of dysphagia in PD is an aspiration
pneumonia occuring with a frequency ranging from
[31]
15% to 56% .
Impaired gastric emptying is an important ma
nifestation of PD and is characterized by symptoms
such as postprandial bloating or abdominal discomfort,
early satiety and nausea. In patients with both early
and advanced PD electrogastrography has confirmed
[32]
gastric motility abnormalities . Reduced amplitude
of stomach contractions in PD can be also detected
[33]
using real-time magnetic resonance imaging .
However, symptoms of the upper GI dysfunction do
not always correlate with objective measurements of
[34]
gastroparesis . Delayed gastric emptying may also

WJG|www.wjgnet.com

have potentially relevant pharmacokinetic implication
causing an impaired absorption of L-dopa and thus
[35]
worsening motor fluctuations . In addition, PD has
been associated with a higher prevalence of ulcer
[36]
disease and Helicobacter pylori infection .
Uncomfortable sensation of abdominal bloating
experienced by some individuals with PD, especially
as an “off” phenomenon, could be the consequence
[37]
of small bowel dysmotility shown by manometry .
Moreover, observed dysmotility may predispose for
small intestinal bacterial overgrowth (SIBO), the
[38]
prevalence of which is increased in PD patients .
Constipation, the most prominent GI dysfunction of
PD, seems to be an early manifestation of the disease
[6,13,37,39-41]
process itself
. Increased colon transit time
has been recorded in both treated and untreated
subjects, and even in PD patients without symptoma
[42]
tic constipation . In sever cases it may lead to
[43]
megacolon . Interestingly, a retrospective analysis
exploring the association between the frequency of
bowel movements and further risk for PD revealed
an increased risk of PD in men with infrequent bowel
[44]
movements .
Defecatory dysfunction characterized by excessive
straining and incomplete evacuation are another
[45,46]
common and distressing problems in PD
. Pelvic
floor dyssynergia in PD has been confirmed using
anorectal manometry, defecography, and anal sphincter
[27,42,47]
electromyography in more than 65% of patients
.

PATHOPHYSIOLOGY OF
GASTROINTESTINAL DYSFUNCTION IN
PARKINSON’S DISEASE
The pathophysiology of GI dysfunction in PD may
reflect both central and peripheral derangements. While
dopaminergic deficiency secondary to nigrostriatal
damage may be responsible for some aspects of GI
symptoms in PD, it is quite clear that the additional sites
[13]
of involvement play an important role as well . The
lesions of the medullar, spinal and peripheral autono
mic nervous system present in PD could be sufficient
[48,49]
to induce GI disturbances
. The involvement of
the basal ganglia, the central pattern generator of
swallowing, the DMVN, and the median raphe nucleus of
the pons have been described in PD. Neurodegeneration
and dysfunction of the locus ceruleus (LC) in PD has
[50]
been also observed . The LC is the major brain
noradrenergic candidate for modulating the migrating
motor complex (MMC) pattern and it has been shown
that lesions of the LC in rats increase the duration
[51]
of MMC . The LC has close connections with the
Barrington nucleus that sends descending projections
to the sacral parasympathetic command of the distal
[52]
colon and bladder functions . Disturbances in the
neural network involving the LC and the frontal cortex,
hippocampus, as well as the spinal cord may contribute
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to abdominal pain occuring in PD. Clinical presentation
of autonomic dysfunction in PD includes not only GI
dysfunction, but cardiovascular and urogenital system
as well as sudomotor, thermoregulatory, pupillary, sleep
[53]
and respiratory abnormalities .
The lesions of the ENS, affecting not only do
paminergic neurons, are also commonly considered
as being responsible for the digestive symptoms.
However, the available data on the structural and
neurochemical alterations of enteric neurons are still
[7,37]
incomplete
. Prolonged colonic transit time most
likely reflects early involvement of the myenteric
plexus neurons as supported by finding in a transgenic
[54]
mouse model of PD . In other studies conducted in
mice which overexpressed α-syn driven by the Thy-1
promoter, alterations in propulsive colonic motor
activity reminiscent of colonic dysmotility encountered
[55,56]
by PD patients were displayed
. The respective
contribution of intrinsic and extrinsic innervations in GI
dysfunction has not been yet fully elucidated.
Noteworthy, GI dysfunction in PD, at least to some
extent, may be associated with the side effects of
the treatment. Anticholinergic agents, popular in the
past, can delay GI transit, whereas dopaminergic
[57]
compounds may induce nausea .

ALPHA-SYNUCLEINOPATHY SPREAD
ALONG THE BRAIN-GUT AXIS
Under physiological conditions, α-syn is abundantly
expressed in the CNS and involved in the regulation of
neurotransmission. Insoluble fibrils of phosphorylated
α-syn have been implicated in several neurodegenerative
[58]
disorders, such as PD and Alzheimer’s disease .
The two pathological hallmarks of PD are a loss of
dopaminergic neurons in the substantia nigra and the
presence of cytoplasmatic eosinophilic α-syn-containing
inclusions termed Lewy bodies (LBs) in perikarya
and Lewy neurites (LNs) in neuronal process of the
[7]
remaining neurons . However, in PD these inclusions
are not restricted to the CNS only, but present also in
[59,60]
peripheral tissues and body fluids
. The association
of α-syn and PD has been identified through the genetic
[61]
finding reported in 1997 by Polymeropoulos et al ,
which concerns the A533T mutation of SNCA gene
encoding α-syn in a family with autosomal dominant
familial PD. Recent studies consistently show that the
single nucleotide polymorphisms in SNCA gene are
related to the risk for sporadic PD.
LBs can be seen in autonomic regulatory regions,
including hypothalamus, sympathetic system (inter
mediolateral nucleus of thoracic cord and sympathetic
ganglia), and parasympathetic system (vagal and sacral
parasympathetic nuclei). LBs were also found in the
adrenal medulla and in the neural plexi innervating
[53]
the gut and the heart . Thus GI dysfunction related
to dysautonomia may result from central mechanisms
mediated through the brainstem autonomic centers
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and/or peripheral mechanisms due to post-ganglionic
lesions.
Recent reports have shown that lesions in the
ENS occurred at a very early stage of the disease,
[7,62-64]
even before the involvement of the CNS
. This
led to Braak’s hypothesis according to which α-syn
pathology starts in the submucosal plexus of the ENS
and propagates retrogradely to the CNS via vagal
[4]
preganglionic axons of the DMVN . From the DMVN
there would be predictable caudo-rostral spread of
pathology to other areas of the brainstem including
the substantia nigra and finally to the basal forebrain
[1,65-68]
and neocortex
. It has been also suggested that
the spread of pathology in PD may be from neuron
[69]
to neuron in a prion-like fashion . In fact, host-tograft disease propagation has been reported based
on the observation that LBs were detectable in
[70,71]
grafted neurons in subjects with PD
. The dual[67]
hit hypothesis presented by Hawkes et al
in 2007
supported their theory, indicating that α-syn pathology
is transmitted to midbrain through two different
pathways: (1) nasal, from the olfactory bulb to the
temporal lobe; and (2) gastric, through the ENS,
secondary to swallowing of nasal secretion in saliva.
The disease may start in the ENS and then
spread retrogradely toward the CNS or vice versa.
Retrograde transport (from gut to brain) of α-syn can
be concomitant with anterograde (from brain to gut)
[72]
diffusion . The first direct experimental evidence of
PD pathology spread from the GI tract to the brain in
[73]
rats has been just proved . However, there are also
recent reports indicating that the GI dysfunction may
[74]
[74]
result from CNS damage . Zheng et al
using an
animal model of PD showed that 6-hydroxydopamineinduced lesions of the substantia nigra resulted in
impaired gastric motility and emptying that could be
prevented by vagotomy. It is also possible, that in
some cases the neuropathy first occurs in the ENS,
while in others in the CNS, that α-syn can move
between the ENS and CNS and that the pathology
could arise in both places with different time courses (or
reach thresholds for detection at different times in the
[72,75]
ENS and CNS) in susceptible patients
.
There is a rostrocaudal gradient of α-syn asso
[76,77]
ciated histopathology within the GI tract
. The
submandibular gland and lower esophagus have
the highest frequency of LBs, followed by the
stomach, small intestine, colon and rectum. This
rostrocaudal gradient coincides with the distribution
[78]
of vagal innervation from the DMVN . Moreover,
the rostrocaudal gradient from ascending colon to
the rectum in the distribution of Lewy pathology has
been also demonstrated to have important practical
implication, as rectal biopsies have substantially
lower sensitivity than ascending colon biopsies to
[79]
detect Lewy pathology in the gut . Noteworthy, the
presence of α-syn within the ENS may not be always
regarded as a pathological correlate, as it is a regular
[58]
finding in adults with increasing age .
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Accumulating evidence shows that α-syn plays a
crucial role in neuroinflammation by triggering and/or
[80-82]
potentiating astroglial and microglial activation
.
Recent studies have also shown that dysfunction
[83]
of EGCs at the ENS level occurs in PD . EGCs,
which represent in the digestive tract counterpart
for brain astrocytes, may be critically involved in gut
inflammation and modulation of intestinal epithelial
[84]
[84]
barrier integrity . Devos et al found that expression
of pro-inflammatory cytokines and glial markers are
increased in colonic biopsies from PD patients and that
they are correlated with the disease duration.
Both clinical and neuropathological evidences
indicate that neurodegenerative changes are ac
companied by GI symptoms that may precede or follow
[72]
the CNS impairment . Based on these observations
a mechanistic hypothesis presenting the gut as the
gateway in neurodegenerative diseases has been
[85]
proposed . Accordingly, the ENS seems to play a
critical role in the pathophysiology of PD representing
a rout of entry for a putative environmental factor to
initiate the pathological process. Furthermore, regarding
the parallel manifestations of neuropathologies in the
ENS and CNS, the ENS may provide a more accessible
target for studies of neural function, histopathology, and
[72]
biochemistry in PD . Thus, the ENS can be considered
not only as “the second brain”, but also as a window
[63]
towards “the first brain” .

GUT MICROBIOTA AND PARKINSON’S
DISEASE
Changes in the gut microbiota composition may cause
alterations in the gut barrier function and intestinal
permeability, affecting not only GI epithelial cells and
immune system, but also the ENS including both
[86]
neurons and glial cells . The bidirectional brain-gutmicrobiota axis interactions modulate pro- and anti[87]
inflammatory responses . It has been suggested that
the gut microbiota changes associated with intestinal
inflammation may contribute to the initiation of α-syn
[84,88]
misfolding
. There is a growing number of evidence
confirming that the gut microbiota alterations precede
[89]
or occur during the course of PD . However, the
causal relationship between the microbiota changes
and the pathogenesis of PD remains unclear.
The interesting concept of molecular mimicry
involving the microbiota in neurodegeneration has
[90]
been also proposed. Indeed, Friedland
suggested
that bacterial proteins may elicit cross-seeded
misfolding, inflammation and oxidative stress, and
cellular toxicity in neurodegeneration, initiating
or otherwise influencing the development of PD,
Alzheimer’s disease and other related disorders.
Pathways of molecular mimicry processes induced by
bacterial amyloid may involve TLR2/1, C14, and NFκB
among others. Priming of the innate immune system
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by the microbiota (residing in the gut and oral/nasal
cavities) may enhance the inflammatory response
[91]
to cerebral amyloids such as α-syn. Trudler et al
postulated that cerebral amyloid may mimic viral
or bacterial infection resulting in glial cell activation
through TLRs. Specifically, it has been documented
that neuroinflammation in PD is associated with
upregulation of TLR2 signaling and activation of
[92]
microglia . TLR2, playing an important role in the
regulation of intestinal barrier integrity, has been also
[92]
found to activate microglial cells in the CNS . It has
been suggested that the peripheral immune response
characterized by the presence of pro-inflammatory
cytokines such as TNF-α, IL-1β and IL-8 in the serum
induces a disruption of the blood-brain barrier and
promotes microglia-mediated inflammation and
[36,93]
neurotoxicity
. In a germ-free animal model, it
has been found that the gut microbiota influences
the blood-brain barrier permeability associated with
reduced expression of the tight junction proteins in a
homological way as it affects the intestinal epithelial
[94]
[95]
barrier . Very recently, Sui et al
proved that
a bidirectional transport of α-syn into and out of
the brain by the blood-brain barrier is possible and
suggested that LPS-induced inflammation could
increase α-syn uptake by the brain by disrupting the
blood-brain barrier.
In an animal model of PD, peripherally-induced
inflammation was shown to induce the microglial
complement pathway to damage dopaminergic
[96]
neurons . Several studies have demonstrated that
pro-inflammatory factors associated with chronic GI
diseases induce brain inflammation and the death
of dopaminergic neurons and could eventually be
[97,98]
responsible for parkinsonism
.
Importantly, some genetic risk factors may play a
crucial role in the interactions between the brain-gutmicrobiota axis with respect to gut inflammation. It
has been also shown that the methylation status in the
SNCA promoter region may affect α-syn expression
[99]
and the risk for PD . Therefore, a potential role of the
gut microbiota as an epigenetic factor influencing DNA
methylation may be speculated. Moreover, genetic
variant of the component of innate immune system
- TREM2 (Triggering Receptor Expressed on Myeloid
cells) has been reported to be associated with a higher
[100]
risk for PD . The ε4 allele of apolipoprotein E (ApoE)
has been shown to increase the risk for dementia in
[101]
synucleinopathies such as PD
. Potentially, ApoE
genotype, by influencing bile acid secretion, could
affect the composition of the gut microbiota to favor
[90]
the development of organisms triggering misfolding .
Moreover, three single nucleotide polymorphisms in
CARD15 gene, known to be associated with Crohn’s
disease, have been also shown to be over-expressed
in PD patients, supporting the observation that GI
[102]
inflammation contributes to the pathogenesis of PD .
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Figure 1 The link between gut dysbiosis, intestinal permeability and
neurological dysfunction. There is a close mutual relationship between gut
dysbiosis, intestinal permeability and gut inflammation. The enteric nervous
system (ENS) is a key player participating in these interactions. Changes in the
intestinal permeability may promote translocation of bacteria and endotoxins
across the epithelial barrier inducing immunological response associated with
the production of pro-inflammatory cytokines. The activation of both enteric
neurons and glial cells may result in neurological dysfunction spreading along
the brain-gut axis.

Quantitative and qualitative changes in the gut
microbiota in Parkinson’s disease

Just recently, the first report on alterations in the gut
microbiota composition in PD and its association with
clinical phenotype of the disease has been published by
[103]
Scheperjans and colleagues . They showed a reduced
abundance of the Prevotellaceae bacteria family in PD
patients compared with healthy controls, and greater
abundance of Enterobacteriaceae among those patients
with the postural instability and gait difficulty pheno
[103]
type compared to those with tremor-dominant PD .
Prevotellaceae bacteria as commensals are involved in
mucin synthesis in the gut mucosal layer and production
of neuroactive short-chain fatty acids (SCFA) through
[104]
fiber fermentation
. Thus the reduced abundance
of Prevotellaceae could result in decreased mucin
synthesis and increased intestinal permeability leading
to the greater local and systemic exposure to bacterial
antigens and endotoxins, which in turn would trigger
or maintain excessive α-syn expression in the colon
[105,106]
or even promote its misfolding
. The presence
of inflammation and evidence of EGCs dysregulation
in colonic biopsies from patients with PD have been
[83,84,107]
shown
. The inflammatory changes in PD are
associated with increased colonic permeability, which
was observed both in a mouse model of the disease
[105,108]
as well as in PD patients
. Another suggested
possibility, by which the gut microbiota could affect
α-syn pathology, is that α-syn intra- and extraneuronal
clearance mechanisms are impaired by SCFA-dependent
[86]
modulation of gene expression .
Recent studies reported high prevalence of SIBO
[38,109,110]
in PD, ranging from 54% to 67%
. PD being
associated with gastroparesis and impaired GI motility
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may predispose to SIBO. In the study by Fasano et
[38]
al , the presence of SIBO reported in 54% of PD
subjects, was associated not only with the GI symptoms
but also with the motor symptoms. Interestingly,
the improvement in the motor fluctuations following
[38]
treatment with rifaximin was observed . In another
study SIBO was detected in 25% of PD patients and
[109]
occurred early in the disease course . According to
that report, SIBO was not associated with worse GI
function, but independently predisposed to worse motor
[109]
function
. It is possible that SIBO contributes to
motor dysfunction by disrupting small intestinal integrity
leading to immune stimulation and/or alteration in
L-dopa absorption. SIBO may cause changes in the gut
permeability which promote translocation of bacteria
and endotoxins across the intestinal epithelium, inducing
[111]
the pro-inflammatory response
. A recent study
involving newly-diagnosed PD patients confirmed that
intestinal permeability in these subjects was markedly
increased compared with healthy controls, and this was
associated with more intense staining of Escherichia coli
in the intestinal mucosa and with systemic exposure
[105]
to LPS
. Noteworthy, these alterations were corre
lated with abnormal accumulation of α-syn in enteric
[105]
neurons
. LPS is a gut-derived, pro-inflammatory
bacterial endotoxin that may cause delayed and
progressive nigral pathology when administered
systematically and serves even as a progressive model
[108,112,113]
of PD
. These data reinforce the link between
gut dysbiosis, intestinal permeability and neurological
dysfunction (Figure 1). The potential role of antibiotic
therapy in improving motor symptoms has generated
a considerable interest in the interplay between the gut
microbiota and PD, but well designed treatment trials
are needed to fully elucidate a causal link between SIBO
and motor function in PD. It should also encourage
further studies on a new therapeutic approach based on
the manipulation of the gut microbiota with probiotics,
prebiotics, or even fecal microbiota transplantation.
Some preliminary reports on favorable outcome of fecal
[114]
microbiota transplantation in PD already exists .

Specific pathogens as potential triggering factors

Helicobacter pylori: The potential role of Helicobacter
pylori (HP) in PD, both with regard to the pathogenesis
of PD itself and the development of motor symptoms
[36,115-119]
fluctuation, remains controversial
. Gastric
ulcers, strongly related to HP infection, have been
[117]
associated with PD since 1960s
. Based on the
observation of an age-associated increase in the
levels of antibodies against HP in PD patients, Dobbs
[120]
et al
proposed that HP infection predisposes to
autoimmunity that results in neuronal damage leading
to eventual parkinsonism. In fact, HP infection may
[117]
[117]
increase the risk of PD . Nielsen et al
showed that
prescription of HP eradication drugs and proton pump
inhibitors five or more years prior to the diagnosis of
PD were associated with 45% and 23% increase in the
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PD risk, respectively. At the same time eradication of
HP infection has been shown to ameliorate symptoms
[121]
of PD
. Currently, HP eradication in PD patients
treated with L-dopa is recommended as it may
improve the bioavailability of the drug and reduce
[38,119,122-124]
motor fluctuation
.
Moreover, there is an increased mortality from PD
amongst livestock farmers, which has been associated
with Helicobacter suis being the most common
[125]
zoonotic Helicobacter in man
. That observation is
supported by the recent finding that a significantly
higher frequency of Helicobacter suis is observed in
patients with idiopathic parkinsonism then in control
[125]
patients .
Mycobacterium paratuberculosis: An association
between Mycobacterium avium ss. paratuberculosis
(MAP) and several inflammatory diseases including
Crohn’s disease has been suggested. As mentioned
above, genetic studies concerning the polymorphism of
CARD15 gene revealed a link between PD and Crohn’s
[102]
disease
. Moreover, the polymorphisms of LRRK2
and PARK genes are associated both with PD and
susceptibility to mycobacterial infection, as they are
related to xenophagy, an autophagic pathway involved
[126-128]
in the removal of intracellular pathogens
. The
same genetic defects are associated with disruption of
cellular homeostasis resulting in protein (e.g., α-syn)
[126]
folding abnormalities. Dow
proposed that genetic
defects associated with PD allow persistent infection
with MAP, and that MAP is the triggering factor of
α-syn aggregation. He postulated that beginning
as an enteric infection, MAP - via the VN - initiates
a pathological process that results in a targeted
neuroinvasion of the CNS. The iron concentration in
the substantia nigra in PD subjects could be caused
by sequestered iron in MAP spheroplasts. According
[126]
to Dow
, protein aggregation associated with LBs
formation is due to iron toxicity and/or to “consumptive
exhaustion” of the processes that both maintain
cellular protein homeostasis and influence removal
of intracellular pathogens. Importantly, as MAP is
competent as a bioaerosol, the additional/alternative
route of neuroinvasion via the olfactory nerve does not
eliminate MAP from consideration as the environmental
triggering agent. To support his hypothesis Dow points
at the recent findings: anti-mycobacterial rifampicin
[129]
has a protective function in PD , mycobacterial heat
shock proteins (HPS 65 and HPS 70) have been found
[130]
in the cerebral spinal fluid of PD patients , and BCG
vaccination partially preserves the substantia nigra
[131]
integrity in an animal model of PD .

Influence of age, diet, coffee and smoking on the gut
microbiota composition

The age-related changes in the gut microbiota, in
particular a decreased diversity of species, together with
other factors including impaired gut motility, impaired
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gut-blood barrier, and suppressed immune function may
[23,90]
be linked to the age-related neurodegeneration
.
Recent studies reported a great inter-individual va
riation among elderly regarding the gut microbiota
composition, and a significant relationship between
[132]
microbiota, diet and institution or community living .
The gut microbiota-related mechanisms could also
explain the differences in PD prevalence between rural
and urban environment, between countries or even
[86]
sexes . Fiber-rich diet enhances the growth of colonic
bacteria that produce SCFA, which have systemic anti[133]
inflammatory effect . Therefore, intervention studies
with probiotics and prebiotics offer promising way to
bring benefits in elderly’s health.
Although unequivocal epidemiologic evidence
indicates that the risk of PD is lower in smokers and
coffee drinkers, explanations for these findings remain
[134,135]
controversial
. In the large meta-analysis of
61 case-control and cohort studies, the risk of PD
was found to be 60% lower among current cigarette
smokers than among never smokers, and 30% lower
[136]
among coffee drinkers than among non-drinkers
.
It has been also shown that consumption of caffeinecontaining beverages other than coffee, such as
black tea and Japanese and Chinese teas, is also
[137]
inversely related to the PD risk
. Derkinderen et
[134]
al
proposed that the beneficial effects of smoking
and coffee consumption on PD may be mediated
through the modulation of the brain-gut-microbiota
axis. Both cigarette and coffee consumption can alter
the composition of the gut microbiota in a way that
mitigates intestinal inflammation. This, in turn, could
lead to less misfolding of α-syn in the ENS, reducing
the risk of PD by minimizing propagation of the
[134]
protein to the CNS
. In fact, a marked shift in the
composition of the intestinal microbiota was observed
[138]
in humans after smoking cessation
. The potential
immunomodulatory effect of smoking, possibly via
alteration of the gut microbiota, is also observed
in patients with ulcerative colitis in whom smoking
[139]
cessation may be linked to the disease onset
. It
has been also shown that consumption of coffee in
both mice and humans induces a significant increase
in the number of Bifidobacteria, which exert anti[140,141]
inflammatory properties
. Additionally, coffee and
tobacco might promote bacteria that counteract certain
forms of chronic GI infection, such as that caused by
HP, the presence of which has been associated with
[117,134]
the increased risk for PD
.

Putative role of viral infection or neurotoxins

Dysfunction of the intestinal epithelial barrier resulting
from dysregulation of the brain-gut-microbiota axis
could promote invasion of neuroactive substances,
including neurotropic viruses, unconventional pathogens
with prion-like properties, or slow neurotoxins, as
[67]
suggested by Braak . Some environmental toxins,
as the pesticide rotenone used in animal models of
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PD, could also induce the release of α-syn by the
[142]
enteric neurons
. Numerous studies showed that
environmental factors such as herbicides, pesticides,
and metal pollution may be related to the occurrence of
[68,143-145]
PD
.
The possible role of viral invasion (e.g., with
influenza virus of herpes simplex virus) has been
[67]
suggested . As it has been demonstrated in a mouse
model, the H5N1 influenza virus may travel from
the periphery to the CNS and induce neuroinflamma
tion, accumulation of phosphorylated α-syn and
[146]
dopaminergic cell loss
. Hepatitis C virus (HCV)
has been also shown to invade the CNS and release
the inflammatory cytokines, which may play a role in
[147]
the pathogenesis of PD. Recently, Wu et al
have
corroborated the dopaminergic toxicity of HCV (but
not HBV) in the midbrain neuron-glia coculture system
in rats and demonstrated a significantly positive
epidemiological association between HCV infection and
PD in human.

CONCLUSION
A better understanding of the brain-gut-microbiota
axis interactions should bring a new insight in the
pathophysiology of PD, permit an earlier diagnosis with
a focus on peripheral biomarkers within the ENS, as
well as lead to novel therapeutic options in PD. Dietary
or pharmacological interventions should be aimed
at modifying the gut microbiota composition and
enhancing the intestinal epithelial barrier integrity in
PD patients or subjects at higher risk for the disease.
This could influence the initial step of the following
cascade of neurodegeneration in PD. The elucidation of
the temporal and casual relationship between the gut
microbiota alterations and the pathogenesis of PD will
be of great clinical relevance. Further studies on a new
therapeutic approach in PD based on the modification
of the gut microbiota with probiotics, prebiotics, or
even fecal microbiota transplantation are awaited.
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Abstract
Rates of non-alcoholic fatty liver disease (NAFLD) are
increasing worldwide in tandem with the metabolic
syndrome, with the progressive form of disease, nonalcoholic steatohepatitis (NASH) likely to become the
most common cause of end stage liver disease in the
not too distant future. Lifestyle modification and weight
loss remain the main focus of management in NAFLD
and NASH, however, there has been growing interest
in the benefit of specific foods and dietary components
on disease progression, with some foods showing
protective properties. This article provides an overview
of the foods that show the most promise and their
potential benefits in NAFLD/NASH, specifically; oily fish/
fish oil, coffee, nuts, tea, red wine, avocado and olive
oil. Furthermore, it summarises results from animal and
human trials and highlights potential areas for future
research.
Key words: Non-alcoholic fatty liver disease; Nonalcoholic steatohepatitis; Diet; Coffee; Tea; Olive oil;
Nuts; Walnuts; Fish; Fish oils; Red wine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Over and above a low calorie diet to assist
with weight loss, specific foods may modify the course
of Non-alcoholic fatty liver disease. Two or more serves
of oily fish per week has a beneficial effect on lipids
and may reduce hepatic steatosis, regular filtered
unsweetened coffee is associated with reduced fibrosis
severity in non-alcoholic steatohepatitis and a handful
of nuts per day improves liver function tests. Addition
of avocado and olive oil to the diet is associated with
weight loss and improved liver tests while moderate
consumption of tea and red wine appears safe.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), the hepatic
manifestation of the metabolic syndrome, is increasing
worldwide in tandem with the epidemics of obesity and
type 2 diabetes mellitus (T2DM). In population-based
studies from industrialised nations, the prevalence of
NAFLD is upwards of 40%, 20% of whom have nonalcoholic steatohepatitis (NASH), the progressive
inflammatory form of disease with sequelae of cirrhosis
[1]
and end stage liver failure . The pathogenesis of
NASH is complex, but invariably begins with the
trifecta of a sedentary lifestyle, “western” diet and
genetic predisposition. Insulin resistance is intrinsic to
the disease and is considered to be the initiating event
that causes increased hepatic triglyceride synthesis
and steatosis. Subsequent insults to the liver including
oxidative stress, cytokine and adipokine dysregulation,
immune mediated events and the ongoing proinflammatory effects of insulin lead to liver damage
[2]
and fibrosis .
Lifestyle modification to achieve weight loss and
promote fitness has traditionally been the cornerstone
of management in NASH, with dietary advice fre
quently concentrated on the need for low fat and
restricted calorie content. Recent data suggests that
reduction in body weight of 7% or greater is associated
[3]
with reduction in hepatic inflammation and steatosis .
Furthermore, a growing body of evidence supports
the concept that a diet high in macronutrients such as
monounsaturated fatty acids (MUFAs) and omega-3
(n-3), and low in carbohydrates such as fructose, can
[3]
improve NAFLD independent of weight loss .
Correlation studies with diet are difficult and rely on
self-reporting, which introduces recall bias. Subjects
who are overweight often underreport energy intake
and thus, isolating the effects of specific nutrients is
[4]
challenging . Nonetheless, delineating the benefits of
specific dietary macronutrients and foods is important
in order to give patients a sense of control over their
disease and an ability to maintain a healthy and
interesting diet that may also improve hepatic and
metabolic outcomes. In this review we examine the
potential benefits and mechanisms of seven specific
dietary components that have shown the most promise
for NAFLD/NASH and metabolic disease, specifically;
oily fish, coffee, nuts, tea, red wine, avocado and olive
oil (table 1).
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OILY FISH AND FISH OIL
Much of the interest on fish oil and its health effects
comes from studies by Bang and Dyerberg in the
early 1970s who observed that Greenland Eskimos
had lower rates of coronary events as well as lower
serum cholesterol, phospholipids and triglyceride
levels, compared to people living in Denmark. Further
analyses of the serum fatty acids found that Greenland
Eskimos had lower levels of linolenic acid and ar
achidonic acids (AA) with higher concentrations of
docosahexaenoic acids (DHA), likely due to their high
consumption of poly-unsaturated fatty acids (PUFAs)
from whale and seal meats. Hence, they speculated
that PUFAs were somehow involved in the lower serum
[5]
lipid levels found in Greenland Eskimos .
Long chain PUFAs consist of omega-3 and omega-6
(n-6) fatty acids. Omega-3 fatty acids include the
precursor α-linoleic acid (ALA) and its metabolites
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA). It is important to recognize that the human
body does not produce its own omega-3 fatty acids
due to a lack of certain enzymes. Instead, they are
obtained through diet (e.g., fatty fish, flaxseed),
[6]
supplements or omega-3 enriched foods . Fish
synthesize omega-3 fatty acids from ingestion of
marine plants. Fish rich in omega-3 fatty acids are
those that store lipids in their flesh, such as mackerel,
tuna, salmon, sturgeon, mullet, bluefish, anchovy,
sardines, herring, trout and menhaden. Leaner fish
such as cod and haddock contain less omega-3 as they
[7]
store lipids in their liver . Omega-6 fatty acids are
commonly found in Western diets and are abundant
in plant oils such as corn, soybean and sunflower oil.
Omega-6 PUFA metabolism involves its precursor
linoleic acid and its metabolite, AA, which has pro[6,8]
inflammatory and pro-thrombotic properties .
Early trials showed compelling evidence that
omega-3 PUFAs have beneficial effects on cardio
[9]
vascular disease, stroke and diabetes . For people
with coronary artery disease, the American Heart
Association (AHA) recommends an average of 1 g/d
of combined EPA and DHA intake or 2-4 g/d for those
with hypertriglyceridemia. For those without coronary
artery disease, they recommend at least two servings
(3.5 oz/serve) of fatty fish per week. Most people
across the globe, however, are not meeting these
dietary recommendations, with the average weekly
intake of fatty fish somewhere between 10-20 times
[10-12]
less than this
.
Given its positive effects in cardiovascular disease,
fish oil has been of significant interest as a potential
treatment for NAFLD. Through various mechanisms,
omega-3 PUFAs in fish oil have been shown to reduce
lipid accumulation and liver enzyme levels, improve
insulin sensitivity, and have anti-inflammatory
[8,13,14]
effects
. Conversely, depletion of omega-3 or
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Table 1 Mechanisms of action and potential health benefits of foods
Food

Active components

Metabolic benefits

Hepatic benefits

Oily fish/fish oil

Omega-3 PUFAs (EPA, DHA)

↓ LFTs
↑ Fatty acid oxidation
↓ Hepatic steatosis

Coffee

Caffeine
Diterpenes
Polyphenols (chlorogenic acid)

Nuts

MUFAs and PUFAs
Vitamin E
Phytochemicals (phenolic acid)

Tea

Polyphenols (catechins such as ECGC), Caffeine
Flavonol glycosides
Phenols (resveratrol)

↑ Insulin sensitivity
↑ Adiponectin/PPARγ
↓ Inflammation
↓ Serum lipids
↓ Blood pressure
↓ BMI
↑ Insulin sensitivity
↓ Development of T2DM
↓ Development of CVD
↓ Serum lipids
↓ Blood pressure
↓ Development of T2DM
↓ Cardiovascular mortality
↓ All cause mortality
↓ BMI
↑ Insulin sensitivity
↓ Serum lipids
↑ Insulin sensitivity
↓ Cardiovascular mortality
↑ Adiponectin/PPARγ
↑ Satiety and ↓ Body weight
↓ Inflammation
↓ Blood glucose
↓ Serum lipids
↓ BMI
↑ Insulin sensitivity
↓ Serum lipids

Red wine

Avocado

MUFAs and PUFAs
Phytosterols (β-sitosterol)
Phytochemicals (carotene, lutein, phenolics)
Fiber

Olive oil

MUFAs (oleic acid)

↓ LFTs
↓ Development of NAFLD
↓ Development of HCC
↓ Severity of NASH
↓ LFTs
↓ Development of NAFLD
↓ Oxidative stress

↓ LFTs
↓ Hepatic steatosis
↓ Oxidative stress

↓ LFTs
↓ Oxidative stress
↓ Hepatic steatosis

↓ LFTs
↓ Oxidative stress
↓ Hepatic steatosis

BMI: Body mass index; CVD: Cardiovascular disease; DHA: Docosahexaenoic acids; ECGC: Epigallocatechin-3-gallate; EPA: Eicosapentaenoic acid; HCC:
Hepatocellular carcinoma; LFT: Liver function test; MUFA: Monounsaturated fatty acid; n-3: Omega-3; NAFLD: Non-alcoholic fatty liver disease; NASH:
Non-alcoholic steatohepatitis; PPARγ: Peroxisome proliferator-activated receptor gamma; PUFA: Polyunsaturated fatty acid; T2DM: Type 2 diabetes
mellitus.

increased omega-6:omega-3 (pro-inflammatory: antiinflammatory) ratios are implicated in the development
[8]
of hepatic steatosis and subsequently NAFLD/NASH .
A systematic review and meta-analysis of the efficacy
of omega-3 supplementation in NAFLD including
9 eligible trials (4 randomized placebo-controlled)
analyzed 355 individuals with NAFLD/NASH, given
either omega-3 PUFA supplementation or placebo
treatment, for a median duration of 6 mo (see table
2). Median dose of PUFA treatment was 4 g/d. Despite
marked heterogeneity between studies, omega-3 PUFA
supplementation reduced liver fat as measured by
ultrasound, MRI or biopsy and improved liver enzymes
(AST and ALT), with the reduction in liver fat remaining
significant even when randomized controlled trials
[14]
(RCTs) only were considered . In 2008, a pilot study
involving 23 subjects with biopsy proven NASH showed
promising results of improved liver enzymes, steatosis
[15]
and fibrosis with ethyl EPA (E-EPA) . In NASH, a
number of RCTs with histological end points have been
unsuccessful in replicating these initial positive results.
The largest study involving 243 biopsy-proven NASH
subjects given placebo, low-dose E-EPA (1.8 g/d) or
high-dose E-EPA (2.7 g/d) for 12 mo did not show any
significant effects on liver steatosis, inflammation or
[16]
fibrosis across treatment groups . There was also
no significant improvement in metabolic parameters
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including HbA1c, total cholesterol and BMI. The
exception was serum triglycerides, which was lower
in the high-dose E-EPA group compared to placebo.
It is worthwhile noting, however, that almost 25% of
subjects did not complete the trial. Three further RCTs
[17-19]
in patients with NASH have shown similar results
,
with reductions in liver fat, but no significant improve
ment in other histological parameters. Interestingly,
[17]
Dasarathy et al , who only investigated patients
with NASH and diabetes, found omega-3 PUFAs to be
inferior to placebo in its effects on hepatic steatosis,
NAFLD activity score and insulin resistance. Moreover,
glycemic control and insulin resistance worsened
with treatment. To date, these results have not been
replicated.
A limited number of studies have examined
omega-3 PUFA supplementation in patients with
pediatric NAFLD with results largely mirroring those
[20]
[21]
seen in adult populations . Nobili et al prospectively
followed 60 children with biopsy confirmed NAFLD
and showed that both short (6 mo) and longer term
[22]
(24 mo)
DHA supplementation, reduced liver
steatosis as measured by ultrasound in addition to
improving ALT and triglycerides, irrespective of DHA
dose (250 mg/d vs 500 mg/d). In a follow up study
the same authors showed that supplementation of
250 mg DHA for 18 mo improved hepatic steatosis
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Table 2 Important human studies assessing effect of foods on non-alcoholic fatty liver disease
Sample (n )

Study type

Intervention

Oily Fish/ Parker et al[14]
Fish oil (n-3
PUFAs)

355

Metaanalysis

4 g/d (median); range
0.83-13.7 g/d

Coffee

Molloy et al[50]

306

Crosssectional

Nuts

Barrera et al[3]

106
17

Tea

Sakata et al[85]

Avocado

Pahua-Ramos
et al[120]

Food

Ref.

Duration

Validated questionnaire
for coffee caffeine and total
caffeine consumption
NAFLD cases - liver biopsy
Longitudinal Walnut and other nut intake
assessed

Pilot RCT

35

Green tea; High catechin
(1080 mg) vs standard
catechin (200 mg) vs placebo
Group 1: Control
Group 2: ↑ cholesterol diet +
60% Fructose (HHF)
Group 3: HHF + Avocado
Group 4: HHF + reducedcalorie avocado paste (P)
Group 5: HHF + P + fiber

Olive oil

Nigam et al[133]

93

Randomised
Olive oil vs canola oil vs
controlled
control (< 20 g/d) with
parallel study normal diet and 40-45 min
morning walk advised for
all groups

Outcomes

6 mo (median); Improvement in liver fat (P < 0.001); AST (P = 0.02)
range 8 wk-12 Sub-analyses of RCTs only: Significant reduction in
liver fat (P < 0.001); No significant improvement in
mo
ALT (P = 0.74) or AST (P = 0.28)
Recall
Coffee caffeine intake (but not total caffeine intake)
demonstrated negative correlation with fibrosis
stage (r = -0.215, P = 0.035) and associated with
reduced incidence advanced NASH (F2-4).
6 mo
Walnut intake correlated with reduced GGT (r =
-0.26), ALT (r = -0.31) and AST (r = -0.21, P < 0.05
for all) at 3 months. At 6 months intake of other
nuts was associated with reduced GGT (r = -0.23,
P = 0.03), while both walnuts and other nut intake
correlated to reduced AST (r = -0.22, P < 0.05)
12 wk
Significant reductions in ALT, body fat percentage
and hepatic fat based on CT in high catechin green
tea group alone
7 wk
Addition of avocado paste to high cholesterol/
fructose diet (HFF) was associated with decreased
total cholesterol, LDL, TG, ALT and AST (43.1%,
45.4%, 32.8%, 39.8% and 35.1% respectively; P ≤
0.05) and improved insulin sensitivity compared to
HFF diet alone

6 mo

HHF + avocado paste and fiber vs HHF associated
with reduced hepatic steatosis and inflammation,
reduced total cholesterol, AST, ALT,LDL and
glucose levels (P ≤ 0.05 for all)
Weight loss: -6% (olive oil, P < 0.05)
2% (control, NS)
Histology: significant reduction in steatosis grading
(P < 0.05)
Other: significant reduction in BMI (P < 0.05) and
insulin resistance (P < 0.05)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; CT: Computed tomography; GGT: Gamma-glutamyl
transferase; LFT: Liver function test; MUFA: Monounsaturated fatty acid; n-3: Omega-3; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic
steatohepatitis; PUFA: Polyunsaturated fatty acid; RCT: Randomised control trial; TG: Triglycerides.

and ballooning as measured on paired biopsies, but
[23]
did not affect fibrosis . Importantly however, a
marked anti-inflammatory effect was noted in these
biopsies, characterized by reductions in hepatic
progenitor cell activation, reduced numbers of
inflammatory macrophages and G-protein receptor
changes associated with inhibition of TNF and toll like
[20]
receptor pathways . In pediatric patients with obesity
or metabolic syndrome the addition of omega-3
has also variably been associated with reductions
in hypertension, improvement in lipid profile and
[20]
reductions in insulin resistance suggesting it is likely
to be of benefit in NAFLD.

FISH OIL CAPSULES OR FISH
According to data from the USDA Nutrient Data
Laboratory, Atlantic salmon and herring provide
the most EPA + DHA content, leaner fish such as
cod and haddock have 6-8 times less. Standard
fish oil capsules also have variable ratio and total
EPA and DHA dose, ranging from 300 to 750 mg
per capsule, thus requiring 2-4 capsules per day
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to achieve the AHA recommendation of > 1 g/d.
[24]
Harris et al
measured omega-3 in red blood cells
and phospholipids in 24 participants after a 16 wk
period of equivalent doses of combined EPA and DHA
consumed either as fish oil capsules taken daily or
servings of either salmon or albacore tuna taken
twice weekly. The study found that there was no
significant difference in efficacy between the two.
Subsequently, a 12 mo double-blind, RCT involving
80 participants demonstrated that supplementation
of fish oil capsules daily provided greater cellular
incorporation of EPA and DHA as compared to those
in patients given an equivalent weekly dose of fish
[9]
oil twice per week . Results of this study may have
implications on the current AHA recommendations of
2 oily fish servings per week. For young children, the
situation is somewhat altered with regulatory agencies
recommending less than 60 g of fish per week, due to
the potential risk of environmental contaminants, but
also the avoidance of fish oil supplements without a
[25]
doctor’s prescription . Nonetheless the World Health
Organization recommends consumption of at least
400 mg per 10 kg bodyweight omega-3 each day,
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while the International Society for the Study of Fatty
Acids and Lipids suggests 350-750 mg per 10 kg of
[25]
body weight . Thus far, data for recommendations
for cardiovascular and pro-inflammatory disease such
as NAFLD have been extrapolated from studies, which
have primarily involved daily fish oil supplementation.
While there appears to be ample evidence that
regular consumption of oily fish has metabolic benefit,
the effect of additional oily fish or fish oil supple
mentation in NAFLD is uncertain and the current optimal
dose is not known. Despite studies showing consistent
improvement in liver fat content as semi-quantitatively
measured by ultrasound or other imaging, recent RCTs
have not shown a significant benefit in the harder
endpoints of liver histology or fibrosis. Importantly,
there have not been any detrimental effects apart from
one study suggesting that glycemic control worsened
in NASH patients with diabetes. Further RCTs with
histological end-points, larger sample size, and with
better quantification of compliance will need to be
evaluated.

COFFEE
From the apocryphal legend of how coffee was
discovered by Kaldi and his jumping goats, to the
use of ground coffee beans mixed with animal fat
by Abyssinian tribes as an energy food, coffee has
long captured the imagination of mankind. Writings
on coffee by the famed Arabian physician Rhazes
professed its beneficial health effects, and since its
th
arrival in Europe in the 17 century, it has played an
[26]
even greater role in shaping human history . Today it
is undoubtedly a cultural phenomenon with hundreds
of billions of cups consumed every year, and is the
second most traded commodity on world markets,
[27]
second only to oil .
The exact milieu and concentration of biologically
active compounds in coffee can vary according to
the species, farming practices and the method of
[27]
preparation, be it the roast, blend or brew . Coffee
contains caffeine, phenols, chlorogenic acids, sugars,
organic acids, polysaccharides and aromatics, among
over a thousand compounds. Lipids found in coffee
include triacylglycerols, tocopherols, diterphenoic
[27-29]
alcohols and fatty acids (e.g., cafestol and kahweol)
.
Coffee drinking was first reported to have a
protective effect against the development of cirrhosis
[30]
close to two decades ago , with a recent study
pointing towards an inverse relationship with total
[31]
and non-cancer related mortality . This latter
data however was limited by self reporting of coffee
consumption at a single time point, uncertainty
over caffeine content and a lack of information on
[31]
the method of coffee preparation . Initially the
association between coffee drinking and lower risk
of liver disease was found in the context of alcoholic
[30,32]
liver disease alone
, but later in all patients
with cirrhosis independent of alcohol or disease
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[33]

aetiology . A subsequent large epidemiological
study based on NHANES-I clinical outcome data
associated prospectively collected coffee consumption
with a decreased risk of liver enzyme derangement
and reduced mortality and hospitalisations in all
[34]
cirrhotics . The limitations of this study were
noteworthy, with a significant proportion of subjects
excluded from the analysis due to a lack of data on
coffee or tea consumption, ascertainment of liver
disease based on hospital discharge records and
death certificates as opposed to verifiable clinical
records, and a lack of detail regarding the amount
[34]
and type of beverage consumed . Furthermore, the
inverse association between coffee consumption and
BMI meant healthier dietary practices and reduced
incidence of metabolic syndrome (and hence NAFLD)
could not be excluded.
Coffee consumption appears to reduce the risk
[35]
of fibrosis progression in HCV
and improves the
[36]
response to interferon based anti-HCV therapy . It
also protects against the development of hepatocellular
carcinoma (HCC) irrespective of the aetiology of liver
[37]
disease , with a dose dependant decrease in the
incidence of HCC seen with consumption of up to 6
[38,39]
cups of coffee per day
. This relationship may well
be driven by the inverse relationship between coffee
[30,33,40]
and liver cirrhosis
, given the strong relationship
[41,42]
between cirrhosis and the incidence of HCC
.
An increasing body of evidence suggests that coffee
may be beneficial in NAFLD through a direct effect
on the liver as well as beneficial systemic metabolic
effects. Recent reports have elegantly demonstrated a
significantly reduced risk of T2DM and cardiovascular
[43,44]
disease in coffee drinkers
. These studies are
particularly relevant in the context of advanced liver
fibrosis where morbidity and mortality primarily relates
to metabolic and cardiovascular disease, in addition to
[45,46]
liver endpoints
.
Epidemiological data suggests that coffee may have
a protective effect against the development of NAFLD.
Data published in 2012, based on four continuous
cycles of the United States National Health and
Nutrition Examination Survey (NHANES 2001-2008)
showed caffeine consumption and plain water intake
to be independently associated with a lower risk of
NAFLD, even when patient demographics (e.g., race
and gender), clinical parameters such as metabolic
syndrome components and other dietary constituents
[47]
were considered . In those who already have NAFLD/
NASH, coffee appears to reduce the risk of hepatic
[48]
fibrosis. Anty et al
studied 161 morbidly obese
European women and 34 men referred for bariatric
surgery. All patients filled out a specific questionnaire
and also underwent hepatic wedge resection alongside
bariatric surgery. Consumption of regular filtrated
coffee but not espresso was independently associated
with a lower level of fibrosis in these individuals. It
was postulated that espresso drinkers more frequently
added sugar, explaining the beneficial effect of filtered,
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[48]

but not espresso coffee .
Caffeine is perhaps the most well-known bio
chemical compound in coffee. Previous studies have
shown associations between caffeine consumption,
[49]
lower risk of elevated aminotransferases
and an
apparent hepatoprotective effect of coffee against
[34]
liver disease . A limitation in studies in establishing
a direct link has been the close correlation of caf
feine and coffee consumption, thus not allowing
the demonstration of a relationship independent of
non-caffeine ingredients. The anti-fibrotic effects of
coffee is thought partly to be mediated by reduced
transforming growth factor (TGF) and connective
[29]
tissue growth factor (CTGF) expression
while many
substances such as tocopherols and chlorogenic acid
demonstrate antioxidant activity. Cafestol and kahweol
raise serum cholesterol but may also exert an anticarcinogenic effect. Filtered coffee can reduce levels of
cafestol and kahweol but maintain chlorogenic acid and
[28]
caffeine content, providing the maximum benefit .
Coffee may protect the liver through increased PPAR-α
mediated fatty acid oxidation, decreased collagen
deposition, and a general increase in protective
[4]
antioxidants .
Coffee caffeine consumption has been associated
with reduced risk of hepatic fibrosis in patients with
NASH. Extending their work on a previously published
[50]
NAFLD prevalence study, Molloy et al
enrolled
400 patients at a United States Army clinic with
306 respondents to a validated coffee questionnaire
segregated based on ultrasound. Those with no
steatosis formed controls and those with steatosis
underwent liver biopsies. Patients were categorised as
having bland steatosis, mild NASH (F 0-1) or advanced
NASH (F 2-4). This study provided histopathologic
evidence that greater coffee consumption resulted
in a significantly decreased risk of advanced fibrosis,
although the exact level of coffee consumption that
conferred the greatest risk reduction was not clear. The
same study showed that controls and those with bland
steatosis drank less coffee than those with NASH stage
0-1 fibrosis suggesting that a protective effect may
only be seen in those predisposed to hepatic fibrosis,
namely patients with NASH. Non-coffee sources of
caffeine and overall caffeine consumption were also
evaluated with no significant correlation with the
[50]
risk of NASH versus not-NASH . A further study of
782 adults with NAFLD was also able to demonstrate
a reduced risk for advanced NASH in patients who
regularly consumed coffee, but interestingly this effect
was only noted in patients with low but not high levels
[51]
of insulin resistance (HOMA-IR < 4.3) . Furthermore,
a recent meta-analysis, including three animal studies
and eleven epidemiological and clinical studies,
supported the concept that coffee intake protects
against the development of metabolic syndrome and
[27]
NAFLD in experimental models and clinical settings .
Based on recent literature, a growing and pervasive
argument is mounting that coffee may protect ag
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ainst the development of NAFLD and reduce NASH
severity. It would appear that the effects of coffee on
the aetiology of liver disease are multifactorial, and
whilst more detailed mechanistic studies are required
to elucidate this further, the addition of filtered
unsweetened coffee may be a reasonable adjunct
to diet and exercise in patients on the fatty liver
[27-29]
spectrum
.

NUTS
The belief that tree nuts are beneficial for health
was first documented in the Corpus Hippocraticum,
a compendium of medical works pioneered by
th
[52]
Hippocrates in the 5 century, B.C. . At that time,
they were widely believed to remedy various ailments
- such as headaches, insomnia and colic. Almost
1500 years later - during the Islamic renaissance nuts were even considered medicinal, prescribed for
[52]
treating liver disease and expectorating phlegm . At
present, there is emerging evidence to support their
therapeutic value, particularly in modifying metabolic
disease and cardiovascular outcomes.
Nuts are nutritionally dense fruits, consisting of a
unique blend of fatty acids, bioactive compounds, and
[53]
essential nutrients . Most nuts (with the exception
of chestnuts) have a high total fat content, of which
almost half comes from MUFAs and PUFAs. MUFAs are
the predominant form in almonds, cashews, hazelnuts,
macadamia nuts, pecans and pistachios, while PUFAs
[54]
are the predominant form in walnuts and pine nuts .
Nuts are exceptionally rich in the antioxidant vitamin
[55]
E , with a single 1 ounce serve providing over one
[56]
third of our daily requirements, are high in fibre ,
and have high levels of phytosterols and polyphenols
(such as phenolic acids, ellagic acid, and flavonoids)
- effective phytochemicals capable of lowering serum
low-density lipoprotein concentrations and free
[57-59]
radicals, respectively
.
The first epidemiologic study demonstrating the
[60]
health benefits of nuts came from the early nineties .
In this study, individuals who consumed nuts more than
four times per week had lower rates of fatal and nonfatal cardiac events, signifying an inverse relationship
between nut consumption and cardiovascular mortality.
Since then, this observation has been consistently
replicated - irrespective of gender, BMI or type of nut
[61-64]
consumed
. Paralleling such findings, regular weekly
consumption of nuts is associated with improvements
[65-68]
in lipid profile
and decreased incidence of
[69,70]
[70-72]
[73]
obesity
, T2DM
, hypertension
and the
[70,74]
metabolic syndrome
. In the largest epidemiological
study to date that followed over 118000 patients for up
to 30 years, overall nut consumption correlated with
reduced all-cause mortality for both men and women
and with reduced deaths due to cancer, heart disease
and respiratory disease, effects most pronounced in
[75]
those who consumed higher quantities of nuts .
No conclusions could be drawn as to the influence of
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preparation methods (roasted, salted, spiced or raw) on
[75]
mortality, as this data was not collected . But not all
nuts are equal. Compared with other tree nuts, walnuts
have substantially higher omega-3 and omega-6 PUFA
content (47%) and the highest level of antioxidant
[54]
polyphenols, whether consumed raw or roasted .
Indeed, data from the long running Nurses’ health
study showed a protective effect of walnut consumption
on the development of T2DM independent of BMI, an
effect not seen with the consumption of other tree nuts
[72]
or total nut consumption .
In recent work from our group at the Storr Liver
Unit, walnuts in particular, but also other tree nuts
improved liver function tests (LFTs) in patients with
NAFLD. 106 patients were enrolled into a longitudinal
dietary composition study for six months. At three
months follow-up, walnut intake was negatively
correlated with changes to GGT (r = -0.26, p = 0.008),
ALT (r = -0.31, p = 0.001) and AST (r = -0.21, p =
0.034). At six months follow-up, intake of other nuts
(r = -0.23, p = 0.03) and non-white fish (salmon,
tuna, sardines and mackerel) (r = -0.25, p = 0.02)
correlated negatively with changes to GGT, whilst AST
was negatively correlated to both walnuts (r = -0.22,
[76]
p = 0.04) and other nuts (r = -0.219, p = 0.04) .
An additional epidemiological study from Korea has
shown that a low intake of nuts and seeds (OR =
3.66) was associated with a significantly higher risk for
[77]
developing NAFLD in male subjects , but more direct
data or interventional trials in NAFLD are lacking. There
are, however, numerous trials testing the therapeutic
value of vitamin E, including the landmark PIVENS
trial where vitamin E was seen to significantly improve
LFTs, increase adiponectin and reduce hepatic steatosis
and lobular inflammation, demonstrating superiority
to placebo for the treatment of NASH in adults without
[78]
diabetes . It should be noted that these trial results
were seen with ingestion of 800 IU of vitamin E, daily,
while in comparison, almonds (which have the highest
[55]
amounts of vitamin E amongst the tree nuts) contain
[79]
only 17 IU of vitamin E in a 100 g serving . Although
this value is comparatively deficient, it is likely that
bioactive compounds may work synergistically in vivo
- producing effects far greater than the sum of their
individual components. There has been conflicting
evidence on whether various nuts are capable of
attenuating insulin resistance, the sine qua non of
NAFLD and NASH in particular. In one small RCT of 50
patients, incorporation of mixed raw nuts (walnuts,
almonds and hazelnuts) into a healthy diet significantly
reduced fasting insulin levels from baseline, decreased
insulin resistance and improved serum LDL compared
[80]
to controls . These results were not replicated
in another study of 60 patients with the metabolic
syndrome however, where the addition of a handful of
almonds to a low calorie diet resulted in reductions in
insulin resistance and lipids that were no different to
control, albeit with more substantial improvements in
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[81]

BMI and waist circumference seen . No benefit was
observed in T2DM patients fed almonds daily as part
of a low-fat or high-fat diet (HFD), perhaps due to the
lack of statistical power in the latter study (only 20
[65]
patients) .
In summary, nuts show much therapeutic potential
in treating patients with NAFLD through improvements
to lipid profile, hepatic steatosis and inflammation.
As no RCTs have been conducted in humans testing
improvements to histological parameters, further
studies are warranted.

TEA
Tea (Camellia sinensis) has been consumed for its
medicinal properties at least since the Han dynasty,
although Chinese tradition traces its origin, even as a
medicine, to the legendary emperor Shennong many
millennia before. Whilst historically infusions have
been claimed to increase longevity and cure ailments
from infections to malignancies, the scientific evidence
for tea’s health benefits is more circumspect. First
cultivated in China, tea rapidly spread around the
th
world from the 15 century onward. Green, black and
oolong tea originate from the bud and leaf of Camellia
sinensis. Post harvest processing determines the
polyphenol content with black tea fermented, oolong
partially fermented and green tea not fermented. Tea
is rich in catechins (flavan-3-ols), the predominant
tea polyphenols, antioxidants thought to modulate
[82]
inflammation and have beneficial metabolic effects .
Other compounds include caffeine and flavonol
glycosides. Green tea, the most studied tea, appears
to have health benefits in epidemiological studies
when 5-10 cups/d are consumed, in keeping with
low bioavailability and rapid elimination of green tea
[83]
catechins . Indeed, previous studies have show
antioxidant, anti-neoplastic, hypolipidemic, and
[84]
hypoglycaemic effects of tea .
These potential therapeutic effects in the context
of NAFLD were first demonstrated almost two decades
ago in a Japanese study of 1371 men that showed
green tea consumption to be associated with lower
aminotransferase levels and improved lipid profile,
evident at relatively high green tea intake of 5-10
[83]
cups/d . More recent epidemiological data from
the Ohsaki study suggests lower cardiovascular and
all-cause, but not cancer mortality with green tea
[84]
consumption . A recent randomised pilot study
has investigated the potential benefits of catechinenhanced green tea in 17 adult patients with NAFLD.
Patients were supplemented with green tea for 12
wk with high catechin content (1080 mg/700 mL, n
= 7), standard catechin content (200 mg/700 mL,
n = 5) or placebo with no catechin (n = 5). At the
end of the study those in the high, but not standard
dose catechin group showed significant reductions
in ALT, body fat percentage and improvement in
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liver to spleen attenuation on CT suggesting possible
reduction in hepatic steatosis. Those with high catechin
supplementation also had significantly reduced urinary
8-isoprostane excretion, suggesting a reduction in
oxidative stress, although the relevance of this marker
in NAFLD is questionable. No adverse effects were
[85]
noted in this short study .
Studies in murine models have also demonstrated
beneficial effects of green tea consumption, portending
a possible role in patients with risk factors for the
metabolic syndrome. Epigallocatechin-3-gallate (EGCG)
is thought to play a major role in improving metabolic
outcomes. Experimental data in mice suggest that
green tea and green tea extract (GTE) may reduce
insulin resistance, body weight, visceral fat, hepatic
lipid accumulation and increase energy expenditure
[86]
through beta-oxidation and thermogenesis . Mouse
models suggest that reducing oxidative stress and
inflammation ameliorates progression to NASH.
Multiple antifibrotic, antioxidant and anti-inflammatory
pathways including TGF/SMAD, FoxO1 and NF-κB have
[87]
been implicated .
Black tea extract (BTE) has also shown capacity for
a hepatoprotective effect. Wister rats with HFD induced
NASH with higher levels of aminotransferases, serum
glucose, cholesterol, triglycerides, LDL, VLDL, bilirubin
and decreased HDL compared to control rats were
supplemented with BTE. The chemoprotective effects
of BTE were evident with reversal of the increased
pro-oxidant and decreased anti-oxidant milieu seen
in the livers of rats with NASH. BTE exposed rats
had suppression of liver apoptotic markers (DNA
fragmentation and caspase-3 activity). In rats with HFD
induced biochemical changes, adding BTE also resulted
in a significant improvement in lipid profile, glucose,
ALT, AST and bilirubin. Furthermore, histological
changes seen in the livers of HFD rats, namely steatosis,
presence of inflammatory cells, hepatocyte ballooning,
were ameliorated with the addition of BTE to the rats’
[88]
diets .
Although a potential protective effect of tea holds
promise for patients with NAFLD, caution should
be advised with tea extracts given previous reports
of hepatotoxicity in individuals taking weight loss
[89]
products that included GTE . Despite the recent
interest in antioxidant and other properties of
catechins that may have potential benefit, a definite
protective effect against chronic liver disease remains
[90]
to be determined in human subjects . Whilst there is
an increasing epidemiological data and experimental
evidence base in animal models, that tea could likely
mitigate the development or progression of NAFLD,
the lack, particularly of high quality interventional data
in human cohorts, means currently tea or tea extracts
cannot be specifically recommended for NAFLD
patients.
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RED WINE
Wine has held prominent cultural and religious
significance since antiquity. Perhaps for its sanguine
colour, red wine in particular has long been believed
to have healing properties and is one of the oldest
recorded man-made medicines. Hippocrates used
wine as an analgesic, a disinfectant for wounds and a
remedy for digestive ailments including indigestion and
[91]
diarrhoea .
Wine is composed of numerous organic com
pounds and phytochemicals dissolved in alcohol. The
predominant phytochemicals in wine are phenols,
of which red wine contains a significantly higher
concentration than white wine. Much of the research
on red wine has focused on these phenol components,
in particular resveratrol. It is widely believed that
phenols are the active component in red wine with
[92-94]
beneficial effects to health
. With the rise in alcohol
consumption and increased awareness of the adverse
health effects of alcohol, there is a scientific consensus
on the importance of moderate consumption. Current
guidelines from the United Kingdom, United States and
Australia each determine moderate consumption to be
1-2 drinks (100-200 mL of wine) per day.
Epidemiological studies suggest that moderate
consumption of red wine reduces all-cause mortality,
[95,96]
in particular cardiovascular mortality
. Very little
published data exists regarding the effects of red wine
in NASH or NAFLD specifically. Most research has
investigated the effects of red wine in the context of
cardiovascular and metabolic disease, and assessed
biological markers such as plasma lipid profile, fasting
glucose levels and insulin sensitivity, all of which are
[97]
relevant to the pathogenesis of NAFLD .
The relative importance of alcohol to the health
benefits conferred by red wine is not entirely clearcut. In obese rodent models, phenol extract decreases
plasma triglyceride and cholesterol levels while phenol
[98,99]
with alcohol does not
. Human studies investigating
the effects of phenols on plasma lipid profile suggest
that alcohol containing red wine increases HDL,
ApolipoproteinA (ApoA) and total plasma cholesterol but
decreases LDL, while dealcoholised red wine decreases
[100-102]
HDL, without altering LDL or total cholesterol
.
Both red wine and alcohol-free red wine increase
HMG-CoA reductase expression and increased LDL
receptor binding activity, thereby increasing the
propensity of cholesterol to be catabolised, and reducing
[103]
plasma LDL levels .
Studies investigating the effects of red wine in T2DM
suggest it may play a role in the attenuation of insulin
[104]
resistance. Napoli et al
demonstrated improved
insulin-mediated glucose disposal with the addition of
360 mL of red wine per day (compared to abstinence)
in 17 diabetic adults treated for 2 wk, however, this
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study was not placebo controlled. In a subsequent
randomised crossover trial, 66 men at high risk of
cardiovascular disease were supplemented with 30
g/d of red wine, 30 g/d of gin or an equivalent amount
of dealcoholised red wine. The authors found that
supplementation with red wine or dealcoholised red
wine (both rich in polyphenols), but not gin, which does
not contain polyphenols, led to significant reductions
in plasma insulin and insulin resistance (measured by
HOMA-IR) while glucose levels remained constant.
Furthermore, red wine intervention increased HDL and
[105]
reduced Lipoprotein(a) . Likewise, diabetic or obese
animals supplemented with resveratrol or dealcoholised
red wine have improved insulin sensitivity and glucose
[106-108]
metabolism
. Red wine has also been widely
investigated for its purported antioxidant effects, with
animal models suggesting that red wine (or its phenol
component) increase antioxidant activity and decrease
[98,108]
[109]
lipid peroxidation
. Kasdallah-Grissa et al
demonstrated the inhibition of lipid peroxidation with
the supplementation of resveratrol to the diets of rats,
however this effect was not seen with supplementation
of resveratrol and alcohol combined (as in red wine),
and alcohol alone lead to hepatotoxicity and fatty
change.
Based on available data, particularly in the context
of reduced cardiovascular mortality, a modest con
sumption of red wine appears to be safe. In patients
with NAFLD it may improve insulin resistance and lipid
profile. Further study is required to determine the
safety and efficacy of red wine in NASH and optimal
levels of consumption.

AVOCADO
The Avocado (scientifically known as Persea Americana)
is a fruit belonging to the berry family, with more than
400 varieties. It is thought to have originated from
and around Central America and Mexico and has long
been considered to have special medical properties.
Over time its leaves have been used to treat neuralgia,
diarrhoea, and sore throat, while the extracted oil has
been used topically as an anti-microbial and analgesic
[110-112]
to relieve toothache, skin sores and arthralgia
.
In modern medicine, avocados have been implicated
to have cardiovascular benefits, protective effects
against UV damage in skin and eyes, anti-inflammatory,
analgesic, anti-microbial and also anti-carcinogenic
[113-116]
properties
.
Avocados are a low to medium energy dense fruit
with a high content of water (about 75%) and fibre
(6%), but a low content of sugar and sodium. They
contain essential vitamins (B, C, E), minerals, lipids and
phytochemicals such as carotene and lutein. Avocados
are a rich source of oil, producing 15-30 g/100 g of
[117]
fruit
, mostly composed of MUFAs with a relatively
[114,118,119]
low composition of saturated fatty acids
.
A study analysing the 2001-2008 NHANES data
incorporating the dietary habits of 17567 adults,
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suggested that avocado consumption was associated
with improved weight, waist circumference and
BMI, higher HDL and decreased risk of metabolic
[118]
syndrome . The energy density and fibre content of
avocado may play a role in enhancing early satiety and
[114,120,121]
maintaining weight control
. Avocado has the
highest fibre content amongst fruit, with approximately
[114]
70% being insoluble and 30% soluble
. Dietary
fibre may aid in maintaining insulin sensitivity as
well as reducing fat absorption, factors which are
important in preventing the metabolic syndrome and
development of NAFLD. In a small animal study, rats
fed a cholesterol containing diet supplemented with
varying quantities of avocado pulp or cellulose gained
less weight when fed avocado pulp and consumed
less food overall. Furthermore, a strong negative
correlation was seen between hepatic fat deposition
[121]
and increasing intake of avocado pulp
. In another
study, rats fed a hypercholesterolemic/fructose diet
were compared to rats supplemented with defatted
avocado pulp. This resulted in a significant (p ≤ 0.05)
decrease in plasma total cholesterol (43.1%), LDL
(45.4%) and triglycerides (32.8%), and a significant
decrease in LFTs. Subsequent histological analysis also
demonstrated reduced liver damage and steatosis in
[112,120]
the rats fed avocado
. Data from other animal
studies suggest avocados may possess systemic
[117]
anti-inflammatory properties
, can protect against
chemically induced liver damage and have antioxidant
[122]
effects .
To date, there have been only a few small pre
liminary studies in humans looking at the metabolic
benefits of avocados, concentrating mainly on the
effects on lipid profiles. These showed that avocado
enriched diets were associated with a reduction in
serum total cholesterol, LDLs and triglycerides, with
[114]
varying results on HDLs
. The exact mechanism
of lipid lowering effects of avocados are unknown,
but may relate to alterations in PPAR-γ expression,
upregulation of adiponectin activity and regulation
[123,124]
of glucose and lipid transporting genes
. These
changes are driven by MUFAs, phytochemicals such as
carotenoids, chlorophylls and polyphenols, vitamin E
[125,126]
and beta-carotene
.
Clinical trials directly evaluating the effect of
avocado consumption on NAFLD are lacking, however,
given their high MUFA content, lipid lowering, antioxidant, anti-inflammatory and weight maintenance
properties, they are a reasonable addition to a low
fat diet. Further studies are required to determine if
supplementation has specific benefits for patients with
NAFLD.

OLIVE OIL
Olive oil, derived from the olive fruit (Olea europea),
has long been considered one of the great natural
assets of the ancient world, offering humanity health
and wealth. According to legend, the olive tree was
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a gift from the warrior god Athena to the people of
ancient Greece. Hippocrates used olive oil to treat a
wide variety of diseases and even believed it could
[127]
cure mental illness
. Today olive oil continues to
be revered for its health benefits as the main source
of dietary fat in the Mediterranean diet. Olive oil is
predominantly comprised of MUFAs (73 g/100 g olive
oil) such as oleic acid, and is a good source of vitamin
E and phenolic compounds, all of which are known
to have anti-inflammatory, hypolipidemic and anti[128,129]
oxidant properties
. Higher grades of olive oil
(extra-virgin and virgin olive oil) are believed to have
higher nutritional value as they contain antioxidants
and phytochemicals that are lost when olive oil is
refined or heated.
Regular consumption of olive oil can decrease the
[130]
risk of certain cancers, particularly breast cancer
,
reduce cardiovascular disease including hypertension
and atherosclerosis, and as part of the Mediterranean
diet is associated with reductions in plasma cholesterol
[131]
and LDL
. In healthy Mediterranean populations,
olive oil also reduces mortality, especially from car
[128,129]
[129]
diovascular disease
. Buckland et al
showed
that this occurs in a dose dependent fashion with those
in the highest quartile of olive oil consumption having
the greatest reduction in overall mortality (26%) and
CVD mortality (44%) irrespective of the type of olive
[129]
oil (virgin or ordinary) used . A recent study furthered
these observations, showing that a Mediterranean diet
supplemented with virgin olive oil or nuts substantially
reduced the risk of serious cardiac events or death
by up to 30% in the primary prevention setting of
[62]
patients at high risk for cardiovascular disease .
A number of small, but promising trials exist
suggesting a benefit of olive oil supplementation
in NAFLD. In a yearlong study of 11 patients with
NAFLD from 2010, 6 subjects received 6.5 mL/d of
olive oil (rich in n-3 PUFA), while 5 were selected as
controls. At the end of treatment, patients given olive
oil supplementation had significantly reduced liver
enzymes and triglycerides, increased adiponectin levels
compared to controls. There was also a reduction
liver steatosis based on ultrasound and increased
Doppler perfusion index suggesting haemodynamic
[132]
improvement
. A subsequent study from 2014
enrolled 93 age and BMI matched Asian Indian males
with NAFLD and randomly allocated them olive oil,
canola oil or soybean/safflower oil as cooking medium
in addition to lifestyle counselling. At the end of the
6-mo trial, those in the olive oil intervention group
had significantly decreased BMI compared to control,
reduced fasting insulin and HOMA-IR, increased HDL
levels and decreased triglycerides. Olive and canola
oil treated patients also had a reduced liver span and
a reduction in hepatic steatosis by ultrasound at the
[133]
end of therapy
. Similarly, an 8 wk randomised
study of 45 overweight diabetics demonstrated that
a MUFA enriched diet with olive oil led to substantial
1
reductions in magnetic resonance spectroscopy ( H
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MRS) measured liver fat (-29%) when compared to
isocaloric high carbohydrate diet (-4%). These changes
[134]
were independent of physical activity
. A number
of studies have now evaluated the effects of the
Mediterranean diet (where olive oil is the main source
of dietary fat) on patients with NAFLD, with largely
[135]
positive outcomes . Compared to diets with similar
calorie restriction and low fat content, adherence to the
Mediterranean diet is associated with improvements
in lipid profile and insulin sensitivity, reductions in
ALT and significant improvements in hepatic steatosis
as measured by ultrasound. In a number of studies
weight loss was also more substantial in those in
[135]
dividuals adhering to a Mediterranean diet .
Most rodent studies have demonstrated a de
crease in total hepatic lipid and phospholipid levels
in animals whose diet has been supplemented with
[136,137]
olive oil compared to saturated and/or PUFAs
. In
[138]
contrast, Ronis et al
found an increase in hepatic
steatosis in rats overfed with olive oil, compared
to corn oil or echium oil. Importantly however, the
olive oil group had no evidence of oxidative stress or
necrosis as seen in the liver biopsies from the other
groups. Affymetrix gene analysis demonstrated an
increase in antioxidant pathways and a reduction
[138]
in genes linked to inflammation and fibrosis
.
Even when rats were overfed olive oil for prolonged
periods there was no progression of liver disease
beyond simple steatosis. Animal studies investigating
the role of olive oil as an antioxidant have shown a
significant decrease in hepatic lipid peroxidation and
[139-142]
[137]
increased glutathione peroxidase
. Park et al
demonstrated a downregulation of genes associated
with hepatic lipogenesis and decreased expression of
proinflammatory cytokines, providing insight into the
mechanism by which olive oil reduces oxidative stress
in the liver.
Olive oil can be recommended for patients with
NAFLD when used as part of a low fat Mediterranean
diet. The role of direct olive oil supplementation in
addition to its use in food or cooking needs further
investigation, particularly to clarify the dose and
formulation that is most effective.

CONCLUSION
Evidence continues to emerge from population-based
analysis derived from epidemiological data, animal
experimental models and more recently human clinical
studies that in addition to caloric restriction, energy
expenditure and macronutrient composition of diet,
specific foods may have a benefit. Although causality
is yet to be established, these data, reviewed here,
suggest that consumption of specific foods may
modulate the risk of NAFLD, the progression of NASH
and the risk of other entities comprising the metabolic
syndrome. Based on the available data we have made
an assessment of the likely benefit of specific dietary
components to NAFLD and to metabolic disease (table
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Table 3 Recommendations
Food
Oily fish/fish oil (Omega-3 PUFAs)

Coffee

Evidence level (good, moderate, poor)

Dose

Moderate (NAFLD)
Good (Metabolic disease)

≥ 0.83 g/d n-3 or 2 servings of oily fish/wk (3.5 oz/serve)

1

Coronary artery disease (CAD): 1 g/d
Hypertriglyceridemia: 2-4 g/d
1
≥ 3 cups per day

Moderate (NAFLD)
Moderate (Metabolic disease)
Moderate (NAFLD)
Good (Metabolic disease)
Poor (NAFLD)
Poor (Metabolic disease)
Poor (NAFLD)
Moderate (Metabolic disease)
Poor (NAFLD)
Moderate (Metabolic disease)
Poor (NAFLD)
Moderate (Metabolic disease)

Nuts
Tea
Red wine
Avocado
Olive oil

100 g (handful)/d1
1

≥ 5-10 cups per day

100-200 mL/d1
1/2 avocado (68 g)/per day1
Consumption as part of Mediterranean diet < 20 g/d1

1

Optimal dose not yet defined. NAFLD: Non-alcoholic fatty liver disease; PUFA: Polyunsaturated fatty acid.

3). At the present time oily fish, coffee and nuts have
the most current and compelling evidence (table 2)
from human trials to suggest these foods may be
suitable adjuncts in addition to recommendations of
physical activity and caloric restriction in patients with
fatty liver disease. Moderate consumption of tea, red
wine, avocado and olive oil appear to be safe, however
studies particularly examining their therapeutic role
in patients with NAFLD/NASH are lacking. While
specific recommendations regarding their benefit and
dosing cannot be made, patients should be allowed
to consume these foods as part of an overall diet and
exercise plan.
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Abstract
Gastric cancer (GC) is the fourth most common cancer
and the second leading cause of cancer-related mortality
in the world. Late diagnosis and classical therapeutic
approaches such as surgery, chemotherapy and radio
therapy make this disease a still threatening tumor.
Genetic asset, environmental stress, dietary habit and
infections caused by Helicobacter pylori (H. pylori ) are
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the major causes concurring to GC initiation. A common
mechanism is induction of radicals resulting in gastric
mucosal injury. A regular food intake of antioxidant and
radical scavenging agents has been proposed to exert
protection against tumorigenesis. Resveratrol belongs to
the polyphenol flavonoids class of antioxidants produced
by a restricted number of plants. Resveratrol exerts
bactericidal activity against H. pylori and is a powerful
antioxidant, thus acting as a tumor preventive agent.
Resveratrol intracellular signaling results in growth
arrest and apoptosis, so that it can be directed against
tumor progression. Resveratrol therapeutic potential
against GC initiation and progression are reviewed here.
Key words: Resveratrol; Polyphenols; Gastric cancer;
Diet; Cell cycle; Apoptosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric cancer (GC) is the fourth most common
cancer and the second leading cause of cancer-related
mortality in the world. Despite the improvement of
conventional therapies for advanced GC, the length
or quality of life of patients with advanced GC is still
poor. Resveratrol exerts bactericidal activity against
Helicobacter pylori , acting as a GC preventive agent.
Resveratrol therapeutic potential against GC initiation
and progression is thus required to be surveyed and
this is done within this minireview.
Zulueta A, Caretti A, Signorelli P, Ghidoni R. Resveratrol: A
potential challenger against gastric cancer. World J Gastroenterol
2015; 21(37): 10636-10643 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i37/10636.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i37.10636

INTRODUCTION
Gastric cancer (GC) is the fourth most common
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cancer and the second leading cause of cancer-related
[1]
mortality in the world , due to the difficulty in making
an early diagnosis for GC, thus most of the patients
are diagnosed at advanced stages. Despite the
improvement in conventional therapies for advanced
GC, including surgery, chemotherapy and radiotherapy,
the length or quality of life of patients with advanced
[2,3]
GC is still poor . There is therefore an urgent need to
explore new preventive drugs or therapeutic targets.
Although the host genetic asset, environmental
stress, dietary habits and other factors have been
implicated in the gastric oncogenic process, there
is strong evidence that the predominant etiological
factors contributing to the development of GC are
infections caused by Helicobacter pylori (H. pylori) and/
or exposure to chemical carcinogens such as those in
[1,4-6]
cigarettes and cured meats
. The identification and
eradication of H. pylori infection in the world population
would be an economically prohibitive undertaking
because more than 50% of the population over the age
of 50 is infected with the bacterium, and eradication
would not benefit those with pre-malignant gastric
mucosal alterations. The infiltration of neutrophils and
macrophages caused by H. pylori infection leads to the
production of free radicals, including nitric superoxide
and oxide. ROS-mediated stress responses result in
[7]
gastric mucosal injury, ulcers, and ultimately GC .
Therefore, agents that have a powerful antioxidant
potential via ROS scavenging or enhancing antioxidant
capacity may help to protect against GC initiation and
progression.
Among antioxidants, an important role is played
by natural compounds with radical scavenging activity,
that can be ingested on a regular basis by food
intake and exert protection against tumorigenesis.
Polyphenols comprise a large class of antioxidants
and include flavonoids, anthocyanins, phenolic acids,
lignans and stilbenes. These compounds are all
derived from phenylalanine and contain an aromatic
ring with a reactive hydroxyl group. Within the sub
class of stilbenes, resveratrol is the common term
for 3,5,4’-hydroxystilbene. Resveratrol is produced
by a restricted number of plants (about 31 genera).
It is not normally present in large amounts and is
produced in response to stress; resveratrol belongs to
a class of defense molecules called phytoalexins that
protect against infection and damage from exposure
[8-10]
to ultraviolet (UV) irradiation
. Resveratrol and the
analogs piceatannol and pterostilbene have been found
in several edible natural products such as grapes (Vitis
[11]
spp.), peanuts (Arachis spp.) , berries (blueberries,
[12]
cranberries and lingonberries, all Vaccinium spp.)
[13]
and rhubarb (Rheum spp.) .
Resveratrol was first reported to exert anti-tumor
[14]
activities in 1997 . Since then, the antioxidant, antiinflammatory, anti-proliferative, and anti-angiogenic
[15]
effects of resveratrol have been widely studied .
Subsequent reports have shown that resveratrol
suppresses proliferation of several types of cancers,
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such as colon, breast, pancreas, prostate, ovarian and
endometrial cancers, as well as lymphoma, and affects
[16-23]
diverse molecular targets
. In this review, we will
summarize the principal findings that support the
antitumoral properties of resveratrol in GC either as a
preventive or as a therapeutic agent.

Preventive role of resveratrol in
GC against H. pylori
Besides its antioxidant activity, resveratrol was found
[24]
to have antimicrobial effects
by inhibiting the
[25-27]
growth of multiple H. pylori strains
. The infection
by H. pylori induces an inflammatory response with
the release of various cytokines and reactive oxygen
[28]
species and changes in cell proliferation . The
neutrophil attractant IL-8 is one of the most crucial
chemokines in the host inflammatory response to
[29-33]
H. pylori
. The upregulation of IL-8 following H.
pylori infection may lead to free-radical generation,
and the release of proteolytic enzymes from activated
[28]
neutrophils ultimately affects mucosal integrity .
Pre-treatment of H. pylori-infected MKN-45 cells with
resveratrol at 75 and 100 µmol/L for 4 h significantly
suppressed IL-8 secretion. Moreover, ROS production
was significantly suppressed by resveratrol pre[34]
treatment at 10-100 µmol/L for the same time .
Another peculiarity of H. pylori infection is the
increased severity in patients infected by strains
expressing the CagA (cytotoxin associated gene A)
which are endowed with an increased inflammatory
[35]
potential . It has been documented that the in
teraction between CagA positive H. pylori strains and
host cells is associated with morphological changes
that lead to dysregulation of host cell functions,
thereby contributing to pathogenesis. After CagA
protein injection by H. pylori into the cells, CagA
interacts with various intracellular signaling molecules
including enzymes like Src kinases, eventually leading
to increased cell motility and the hummingbird
[36]
phenomenon . Resveratrol pre-treatment (100 µmol/
L) for 2 h blocked the morphological changes induced
by infection with a CagA positive H. pylori strain in
[34]
the MKN-45 cells . Resveratrol may be a particularly
important preventive tool in GC since H. pylori strains
isolated from gastric carcinoma biopsies show an
increased susceptibility to resveratrol compared with
strains isolated from patients with chronic gastritis
[37]
alone . The hypothesis is that one target of the
antibacterial action of resveratrol may be one or
more F-type ATPases, which normally protect the
bacteria from low pH levels by maintaining a proton
gradient across membranes. In strains isolated from
patients with gastric carcinoma, such an enzyme may
be underexpressed, as an adaptive response to an
environment that has lost its natural acidity. Thus, the
bacterial defenses are reduced and then susceptibility
to resveratrol is increased, so that it saturates its
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[44]

targets more quickly and efficiently.

RESVERATROL AS A THERAPEUTIC
AGENT IN THE INHIBITION OF CANCER
CELL PROLIFERATION
Resveratrol arrests proliferation and induces apoptosis
in vitro

In addition to its bactericidal properties, there is
multiple evidence that resveratrol is able to inhibit
cell proliferation of human adenocarcinoma cell lines,
but the mechanisms underlying its action remain
unknown. Since resveratrol has been shown to mediate
[38-40]
apoptosis through a variety of different pathways
,
resveratrol-induced apoptosis seems to be one of the
inhibitory mechanisms in GC. Several authors have
shown that the resveratrol-induced apoptotic program
is consequent to its inhibition of cell proliferation. Atten
[41,42]
et al
found that exposure of KATO-Ⅲ and RF-1
[41]
[42]
cells
and SNU-1 cells
to resveratrol (100 µmol/L
for 24 h) interfered with cell cycle progression, inhibited
DNA synthesis and suppressed cellular proliferation.
Moreover, resveratrol suppressed nitrosaminesstimulated DNA synthesis in RF-1 cells, showing that,
in addition to suppressing normal cellular proliferation,
resveratrol was able to reverse carcinogen-stimulated
proliferation. Resveratrol induced inhibition of protein
kinase C (PKC) activity in KATO-Ⅲ cells, without any
change in mitogen-activated protein kinases ERK1/
ERK2 activity, suggesting that resveratrol utilizes a
PKC-mediated mechanism to inhibit growth of gastric
[41]
adenocarcinoma cells . This finding is significant when
considering that inhibitors of PKC have been studied as
potential anticancer agents precisely because they are
associated with tumor suppression, cell cycle arrest,
[43]
decreased proliferation, and apoptosis . Gastric
adenocarcinoma SNU-1 cells treated with resveratrol
showed a time- and concentration-dependent increase
cip1/WAF-1
in tumor suppressors p21(
) and p53 preceded
by the loss of membrane-associated PKC δ protein
[42]
and by a concomitant increase in cytosolic PKC α .
Resveratrol also caused a time-dependent accumulation
of Fas and Fas-L proteins in SNU-1 cells while it had
no effect on Fas but did elevate Fas-L in p53 deficient
[42]
[44]
KATO-Ⅲ cells . Riles et al
found that individual
gastric carcinoma cell lines respond to resveratrol
(100 µmol/L) with engagement of individual apoptotic
signals. They investigated the role of p53 in the
intracellular apoptotic signals engaged by resveratrol.
Resveratrol induced a time-dependent apoptotic
response in the three cell lines analyzed irrespective
of their p53 status. In p53 expressing SNU-1 cells
resveratrol up-regulated p53 and down-regulated
surviving, whereas in KATO-Ⅲ cells (not expressing
p53) and in AGS cells, resveratrol stimulated caspase
3 and cytochrome C oxidase activities, enabling
suppression of proliferation while stimulating the
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breakdown of nuclear proteins .
Treatment with resveratrol (50-200 µmol/L) for 48
h significantly induced apoptosis and DNA damage
[45]
in human GC SGC-7901 cells . These effects were
due to the increased generation of ROS following
resveratrol treatment, corroborated by the fact
that incubation of cells with superoxide dismutase
or catalase attenuated resveratrol-induced cellular
apoptosis. Exposure to resveratrol (100 µmol/L)
for 24 h induced cell death and cell cycle arrest in
SNU-1 GC cells and the combination of resveratrol
and dimethylsphingosine increased cytotoxicity,
demonstrating that sphingolipid metabolites intensify
[46]
resveratrol activity .

Resveratrol arrests proliferation without induction of
apoptosis

Recent studies show a significant anti-proliferative
effect of resveratrol in the absence of apoptosis
induction, raising the hypothesis of alternative me
chanisms, possibly depending on cell type or more
likely on treatment dose, underlying the antitumoral
[47]
activity of this polyphenol. Yang et al
found that
resveratrol inhibited the proliferation of the GC
cell lines AGS, BGC-823 and SGC-7901, inducing
senescence instead of apoptosis. At concentrations
of 25 and 50 µmol/L, resveratrol inhibited the cell
viability and diminished the clonogenic potential of
GC cells. Resveratrol treatment induced G1 phase
arrest, and regulators of the cell cycle and senescence
pathways, including cyclin D1, cyclin-dependent kinase
(CDK4 and 6), p21 and p16, were dysregulated. In
agreement with the proposed epigenetic activities of
resveratrol via activation of the class Ⅲ nicotinamide
+
adenine nucleotide (NAD )-dependent histone/protein
[16,17]
deacetylase Sirt1
, the compound inhibited both
the proliferation of GC cells in vitro and the growth
[47]
of tumor in vivo in a Sirt1 dependent manner .
Specifically, SIRT1 activation by resveratrol treatment
in GC cells (AGS and MKN-45) not only diminished
the levels of the acetylated forms of STAT3 and
NF-κB, whose activity is associated with tumor
[48,49]
progression
, but also caused a loss of viability and
an increase in senescence, which were rescued by
[47,50]
SIRT1 inhibitor (nicotinamide) or SIRT1-depletion
.
These results suggest that the inhibitory effects of
resveratrol on GC may depend on Sirt1. However,
some authors dispute this hypothesis, suggesting
that resveratrol exerts chemoprotective effects
[18]
independently of Sirt1 .
Another proposed pathway involved in the me
chanism of cell proliferation inhibition by resveratrol is
the MEK1/2-ERK1/2- c-Jun signaling cascade. It has
been documented that resveratrol treatment (500
nmol/L) abolished cell proliferation through specific
inhibition of MEK1/2-mediated ERK1/2 phosphorylation,
which consequently suppresses translocation of
c-Jun into the nuclear compartment, impairing cell
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Table 1 Summary of principal effects of resveratrol treatment on gastric cancer
Cell or animal model
MKN-45 cells
Helicobacter pylori strains
KATO-Ⅲ and RF-1 cells
SNU-1 cells
SNU-1, KATO-Ⅲ and RF-1 cells
SGC-7901 cells
SNU-1 and SNU-668 cells
AGS, BGC-823 and SGC-7901 cells
AGS and MKN-45 cells
AGC cells
HGC-27 cells
Nude mice xenografts (BGC-823 cells)
Nude mice xenografts (primary gastric cancer cells)

Effect

First author

Year

Ref.

Antioxidant and anti-inflammatory
Bactericidal
Cell cycle arrest and pro-apoptotic
Cell cycle arrest and pro-apoptotic
Pro-apoptotic
Pro-apoptotic
Cell cycle arrest and anti-proliferative
Cell cycle arrest and senescence
Anti-proliferative and senescence
Anti-proliferative
Cell cycle arrest
Anti-proliferative
Apoptosis of carcinoma cells

Zaidi
Martini
Atten
Atten
Riles
Wang
Shin
Yang
Lu
Aquilano
Signorelli
Yang
Zhou

2009
2011
2001
2005
2006
2012
2012
2013
2014
2009
2009
2013
2005

[34]
[37]
[41]
[42]
[44]
[45]
[46]
[47]
[50]
[51]
[52]
[47]
[57]

proliferation of human adenocarcinoma gastric cells
[51]
(AGS) .
Resveratrol has been proposed to modulate subpools of sphingolipids, lipid molecules involved in
structural as well as signaling functions, thus finely
acting to block cell cycle with no direct apoptosis
[46,52]
induction
. Resveratrol was found to downregulate
the activity of dihydroceramide desaturase, the
enzyme involved in ceramide formation along the
de novo sphingolipid synthetic pathway, inducing
[46,52]
dihydroceramide accumulation in GC cells
. Twentyfour hours’ treatment with resveratrol (50 µmol/L)
induced lack of cell death via apoptosis and enhanced
[52]
autophagy in the HGC-27 cell line . Dihydroceramide
accumulated in a resveratrol concentration-dependent
manner in other gastric cell lines like SNU-1, but
[46]
not in SNU-668 cells
suggesting that the different
sensitivity of cancer cells to resveratrol might be deeply
related to sphingolipid, especially dihydroceramide,
distribution patterns. In spite of the results reported,
resveratrol was shown to induce ceramide increase
and apoptosis in cancer cell lines other than gastric
[53]
[54]
such as prostate , breast , and myeloid leukemia
[55,56]
cells
.

RESVERATROL ANTITUMORAL EFFECTS
IN ANIMAL MODELS
The inhibitory effects of resveratrol on GC were also
verified in vivo using nude mice xenograft models.
Resveratrol (40 mg/kg per day) exerted inhibitory
activities on GC development and significantly de
creased the fractions of Ki67-positive cells in the tumor
[47]
specimens from the nude mice .
Resveratrol significantly inhibited carcinoma growth
when it was injected near the carcinoma in a tumor
model established by transplanting human primary
[57]
GC cells into subcutaneous tissue of nude mice .
An inhibitory effect was observed in all groups using
resveratrol at the doses of 500 mg/kg, 1000 mg/kg
and 1500 mg/kg. Resveratrol induced implanted tumor
cells to undergo apoptosis by down-regulation of the
apoptosis-regulated gene bcl-2 and up-regulation of
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the apoptosis-regulated gene bax. Table 1 summarizes
the principal effects of resveratrol treatment on gastric
cancer.

USE OF RESVERATROL AS A
NUTRACEUTICAL IN HUMANS: A
CHALLENGE AGAINST ITS POOR
BIOAVAILABILITY
Although the use of resveratrol in cell culture models
has demonstrated much potential, there has been
substantial concern that the concentrations used
in vitro and in animal models are not reasonably
[58]
attainable in humans . There is little data regarding
the bioavailability of resveratrol in humans. Early
research suggested that resveratrol bioavailability
[59-61]
was rather limited, considerably less than 1%
despite a high absorption of almost 70% due to its
[62]
rapid and extensive metabolism . The metabolism of
resveratrol involves both glucuronidation and sulfation
[63,64]
in the intestine and liver
. One of the initial human
studies of the absorption and bioavailability uses a
[65]
single 25 mg oral dose , which corresponds to a
moderate intake of red wine. After this dose to healthy
human subjects, the compound appears in serum
and urine predominantly as glucuronide and sulfate
conjugates and reaches peak concentrations (10-40
[65]
nmol/L) in serum around 30 min after consumption .
Sulfate conjugation occurs very rapidly and could be
[66]
the primary metabolic pathway .
Numerous strategies have been developed to
enhance the bioavailability of orally administered
[67]
resveratrol, as recently reviewed . Most of these are
based on increasing resveratrol absorption and on
protecting resveratrol from its rapid metabolization in
the gastrointestinal tract. Resveratrol administration
combined with red wine polyphenols could be a simple
approach to improving bioavailability, in accordance
with the “French Paradox”. Indeed, these polyphenols
could target the key enzymes that conjugate
resveratrol reducing the rate of transformation of
[68,69]
trans-resveratrol
. While piperine, a polyphenol
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found in black pepper, enhances the pharmacokinetics
[70]
of resveratrol by inhibiting its glucuronidation ,
quercetin, found in many fruits, vegetables, leaves
and grains, inhibits the human liver sulfotransferase
SULT1A1 and thereby reduces the rate of resveratrol
[71]
sulfate formation . Although research into cellular
and animal models has shown that these polyphenols
[64,68,72]
enhance the effects of resveratrol
, the coadministration in humans did not increase resveratrol
[73]
bioavailability . An approach aimed at improving
resveratrol absorption is to decrease the particle size of
resveratrol by micronization, thus increasing its rate of
dissolution and absorption. The micronized resveratrol
formulation SRT501 resulted in increased plasma
levels and time of maximum plasma concentrations
[74]
in patients of a phase Ⅰ trial . Prodrugs may pro
vide another interesting solution that would allow
a physiologically significant concentration without
toxicity. The acetylation of three hydroxyl groups of
resveratrol to obtain 3,5,4’-Tri-O-acetylresveratrol
(taRES), a prodrug of resveratrol, masks its principal
sites of glucoronidation and sulfation until it is
[75,76]
deacetylated to produce resveratrol
. Intragas
tric administration of taRES to rats resulted in a
greater concentration than those obtained with the
[75]
equivalent dosage of de-acetylated resveratrol .
Pharmacokinetic studies of synthesized carbamate
ester derivatives of resveratrol revealed a high water
solubility while maintaining to some degree the ability
to permeate biomembranes and confirmed absorption
[77]
after oral administration in rats . In a neuroblastoma
cellular model, resveratrol lipoconjugates through
phosphate bridges showed significantly more activity
[78]
than unconjugated resveratrol . In addition to these
strategies, recent data has revealed that resveratrol
nanoformulations can improve resveratrol transport
[79]
across the membranes , protect resveratrol from
[80,81]
metabolism in animal models
, as well as reduce
[81]
gastrointestinal damages in rats
suggesting a
possible greater tolerability in humans.
Recently human pilot studies in patients with
colorectal and hepatic cancers have confirmed
resveratrol beneficial effects in reducing cancer cell
[82]
proliferation , in modulating the expression of
[83]
some genes of the WNT pathway
and in increasing
[74]
markers of apoptosis in the malignant tissues .
Although the bioavailability is very low, rapid uptake
and accumulation of resveratrol in epithelial cells
[59]
along the aerodigestive tract
and potentially active
resveratrol metabolites may still produce cancerinhibitory effects in organs like the esophagus and the
stomach.

and the ability to inhibit H. pylori growth as well as
high rate proliferation of GC cells make resveratrol an
attractive candidate for GC prevention and therapy.
Extremely rapid metabolism appears to be the ratelimiting step in resveratrol bioavailability; however,
if sustained resveratrol levels can be achieved in the
gastrointestinal tract, there is evidence of a powerful
antitumoral effect. It should be noted that, whereas
high concentration of the compound result in toxic
and pro-apoptotic effects, a fine modulation of re
sveratrol administration, i.e., by dietary intake and in
consideration of its uptake/metabolism, may activate
multiple mechanisms such as dihydroceramidemediated autophagy and epigenetic control of cell
cycle/senescence. Most of these mechanisms are
deregulated in cancer, thus making this polyphenol a
good adjuvant for antitumoral therapies, specifically
targeting hyperproliferative cells.
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Abstract
Helicobacter pylori (H. pylori ) is considered an etiologic

factor for the development of peptic ulcer disease,
gastric adenocarcinoma, and MALT lymphoma.
Therapeutic schemes to eradicate the bacteria are
based on double antibiotic therapy and proton pump
inhibitor. Despite many therapeutic improvements in
H. pylori eradication treatment, it is still associated
with high infection rate also in developed countries.
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Bacterial resistance and adverse events occurrence
are among most frequent causes for anti- H. pylori
treatment failure. Several studies have reported that
certain probiotic strains can exhibit inhibitory activity
against H. pylori bacteria. In addition, some probiotic
strains can reduce the occurrence of side effects due
to antibiotic therapy and consequently increase the H.
pylori eradication rate. The results of the prospective
double-blind placebo-controlled studies suggest
that specific probiotics, such as S. boulardii and L.
johnsonni La1 probably can diminish the bacterial load,
but not completely eradicate the H. pylori bacteria.
Furthermore, it seems that supplementation with
S. boulardii is a useful concomitant therapy in the
standard H. pylori eradication treatment protocol and
most probably increases eradication rate. L. reuteri
is equally effective, but more positive studies are
needed. Finally, probiotic strains, such as S. boulardii ,
L. reuteri and L. GG , decrease gastrointestinal antibiotic
associated adverse effects.

Core tip: Poor eradication rates in Helicobacter pylori
(H. pylori ) infected patients have been reported,
which was mostly explained by the increased rates of
bacterial resistance to antibiotics and a low compliance
for those drugs. This situation needs the development
of alternative treatment options for the H. pylori
infection in patients. The results of recent studies
suggest that certain probiotic strains supplemented to
standard eradication therapy diminish the frequency of
gastrointestinal adverse effects and consequently also
increase the eradication rates.
Homan M, Orel R. Are probiotics useful in Helicobacter pylori
eradication? World J Gastroenterol 2015; 21(37): 10644-10653
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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HELICOBACTER PYLORI
Helicobacter pylori (H. pylori) is a Gram-negative
micro-organism. From the original discovery of
genus Helicobacter, more than 20 species have
[1]
now been formally defined . The gastric mucosa
is well protected against bacterial infection. After
ingestion H. pylori must survive the bactericidal
activity of the gastric lumen and enter the mucus
layer. H. pylori is highly adapted to special conditions
in the stomach. It possess flagella, which enable
[2]
colonization of the gastric epithelium . Moreover, the
bacteria produce enzyme urease, which hydrolyzes
urea into carbon dioxide and ammonia and elevates
pH in the surroundings of the bacteria. The enzyme
[3]
activity is highest at low pH . The H. pylori bacteria
usually causes chronic infection due to a complex
balance between host factors and virulence bacterial
factors. Among several bacterial factors one of
the main factors, which drive Th17 inflammation,
represents the secreted peptidyl prolyl cis, trans[4]
isomerase . In the colonization and chronic infection
the adherence of the bacteria to the gastric epithelium
is also very important. Lipopolysaccharide is a
component of bacterial wall consisted of an O-specific
polysaccharide chain, oligosaccharide, and the lipid A.
x
y
a
b
The Lewis-like antigens (Le , Le , Le , Le ) of H. pylori
lipopolysaccharide are also expressed in the epithelial
cells of gastric mucosa, therefore they probably play an
[5]
important role in adherence to gastric cells . Around
5% of the H. pylori genome encodes outer membrane
proteins (OMP). OMP are adhesins on the surface of
the bacteria, which promote binding to the epithelial
cells in the stomach. The major OMP is the blood group
antigen-binding adhesion A (BabA), which mediates
b
the binding of H. pylori to the fucosylated Le blood
group antigen. It also mediates binding to salivary
mucin MUC5B, a proline-rich glycoprotein, and to the
[6]
glycoprotein gp-340 . The second most important
[7]
OMP is the sialic acid-binding adhesion (SabA) . SabA
mediates the binding of the bacteria to the sialylx
dimeric-Le , to salivary mucin MUC5B, and to salivary
[8]
glycoproteins like MUC7 and zinc-glycoprotein . In
gastric colonisation are also involved other OMPs like
AlpA, AlpB, HopZ and HomB. Tight binding of bacteria
to gastric epithelial cells is enabled therefore also with
BabA2 and Saba adhesins. The H. pylori is very closely
associated with extracellular MUC5AC and epithelial
cells that produce MUC5AC, therefore MUC5AC plays
a role in the adherence of H. pylori to the gastric
mucosa. The important receptor for bacteria is the
b
Le structure present in the normal gastric tissue and
b
MUC5AC is the most important carrier of Le , with the
[9]
attachment being made through BabA .
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H. pylori infection is still one of the most common
bacterial infections all over the world. H. pylori infection
is very common in Eastern Europe, Africa and most
[10]
Asian countries . In developed parts of the world the
prevalence has lowered and is below 10% in children
[11]
and below 30% in adults .
Twenty percent of infected individuals develop
symptomatic gastritis, gastric or duodenal ulcer,
gastric adenocarcinoma, and non-Hodgkin’s gastric
[12]
lymphoma . H. pylori is also associated with irondeficiency anemia, idiopathic thrombocytopenic purpura
[13]
and vitamin B12 deficiency . Several bacterial, host
and environmental factors have been studied to
determine clinical outcome of H. pylori infection. Among
bacterial factors, virulence genes are most important,
and the severity of H. pylori related disease correlates
with the presence of cagA, vacA s1m1 and babA2
[14,15]
genotypes
. Chronic active gastritis can proceed to
precancerous lesions such as gastric mucosal atrophy
and intestinal metaplasia, and finally to the development
of gastric adenocarcinoma. The results of recent studies
support the beneficial effect of H. pylori eradication on
preventing gastric cancer as well as on the regression of
mucosal atrophy and intestinal metaplasia of the gastric
[16]
mucosa . Therefore, precancerous gastric lesions
demand rapid detection of H. pylori and eradication of
bacteria.
H. pylori is suggested to have also beneficial
properties. Several studies and meta- analysis showed
an inverse relationship between H. pylori infection and
[17,18]
asthma occurrence
. The association was stronger
for children than adults, but more prospective studies
are needed to confirm the above mention relationship.
In addition, H. pylori infection probably decreases the
[19]
prevalence of obesity in children . The association
between H. pylori infection and gastroesophageal
reflux disease is still unclear. Although it has previously
been suggested that H. pylori eradication may cause
reflux disease, the existence of such association was
[20]
not confirmed recently .
The standard eradication therapy consists of two
antibiotics and a proton pump inhibitor lasting for 7-14
d. The percentage of treatment failures is rising and
major cause for this is bacterial resistance to frequently
prescribed antibiotics. The frequent use of clarithromycin
for respiratory tract infections has led to high H.
[21]
pylori clarithromycin resistance rates . Resistance to
metronidazole has less clinical impact. Metronidazole
resistance can be partially overcome by increasing
the dose and treatment duration. The resistance of H.
pylori to metronidazole has been reported between
[22]
30% and 40% . The eradication levels using standard
triple therapy is between 60% and 80%, the last being
regarded as the minimal acceptable level according to
[23]
the Maastricht guidelines . Therefore, there is a great
interest of developing new alternatives to eradication
therapy, such as quadruple therapy or sequential
therapy. Another possibility is to add the additional
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drug to standard therapy protocol. Several studies
have examined the potential influence of probiotics as
adjuncts to standard therapy on H. pylori eradication
rate.
In addition, probiotics were studied to lower the
frequency of side effects, because adverse events
relating to H. pylori therapy are an important factor
that influences compliance. The overall rate of adverse
[24]
events was 53.3% in a multicentre study . The
most common adverse events reported are diarrhoea,
nausea and vomiting, which have significant physical
and social impacts, and it has been shown that side
effects were significantly associated with decreased
[25]
compliance and treatment failure .

PROBIOTICS
The FAO/WHO definition of probiotics is that probiotics
are live microorganisms which when administered
in adequate amounts confer a health benefit on the
[26]
host . The most commonly used probiotics in humans
are microorganisms belonging to genera Bififobacterium,
[27]
Lactobacillus, Saccharomyces and Bacillus . They are
used as single species or multispecies preparation. The
beneficial effects of probiotics seem to be strain-specific
and dose-dependent. Clinical studies of probiotics in
human are rapidly increasing. The beneficial effect
of probiotics is already confirmed in diseases such
as acute diarrhoea, antibiotic- associated diarrhoea,
functional gastrointestinal disorders, inflammatory
[28]
bowel disease, etc . H. pylori infection is also a field in
which particular interest in using probiotics is arising.

GASTRIC MICROBIOTA
Lactobacillus species are acid resistant and they are
normally present in healthy gastric microbiota. Some
strains can even adhere to gastric epithelial cells so they
[29]
can stay longer than other bacteria in the stomach .
These has been confirmed in a study where it was
possible to detect L. reuteri 55730 adhering to gastric
epithelial cells of healthy volunteers a few hours after
[30]
[31]
oral administration . Elliott et al
has observed that
in a rat with active gastric ulcer the local microbiota
changed toward Gram-negative bacteria including E. coli
while the Lactobacullus species almost disappeared. In
the process of gastric mucosa healing the Lactobacillus
population reappeared again and these process was
accelerated by the oral lactulose administration.
This study suggests that normal gastric microbiota
participate in maintaining healthy mucosa. In addition,
the oral intake of probiotics may reinforce protective
functions in the stomach.

DIFFERENT MECHANISMS OF
PROBIOTICS ANTIBACTERIAL ACTION
Probiotics can inhibit H. pylori by several immunological
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and non-immunological mechanisms.
Probiotics are capable of modifying immunologic
response of the host. Neutrophils, lymphocytes,
plasma cells, and macrophages are involved in the
inflammatory response to H. pylori. The consequences
are increased levels of pro-inflammatory cytokines,
such as IL-1β, IL-2, IL-6, IL-8 and tumor necrosis factor
[32]
α in the gastric mucosa . Probiotics like L. salivarius
WB 1004 have in vitro reduced IL-8 secretion by
[33]
gastric epithelial cells . It looks like that at least in vitro
L. acidophilus can improve H. pylori-induced gastric
inflammation by inactivating the Smad7 and NFκB
[34]
[35]
pathways . Furthermore, Zhou et al demonstrated
that L. bulgaricus inhibited the activation of the TLR4
signaling pathway and IL-8 production induced by
H. pylori lipopolysaccharide in SGC-7901 cells. The
gastric inflammation can be controlled to some level
by different strains of Lactobacilli through inactivating
JAK2 through JAK– STAT pathways and through higher
[36]
expression of SOCS protein family . H. pylori also
induce humoral response of gastric mucosa, which
may contribute to gastric mucosal damage. Lactobacilli
were able to increase the local IgA concentration and
decrease specific anti H. pylori IgG antibodies in animal
[37,38]
models
.
Among non-immunological mechanisms probiotics
are capable to influence on bacterial growth by
secreting antibacterial substances such as lactic
acid, short chain fatty acids, hydrogen peroxide and
bactericins. The metabolites can diminish the number
[39]
of spiral bacteria . Lactic acid has probably an
additional effect on H. pylori by lowering the pH and
[40]
inhibiting the urease . L. acidophilus CRL 639 secret
an autolysin, a proteinaceous compound released
[41]
after cell lysis, which has some antibacterial activity .
Substances, similar to isocoumarin antibiotics, are
produced by B. subtilis and those can also kill H. pylori
[42]
bacteria . L. reuteri ATCC 55730 produce unique
substance called reuterina which suppress growth of
[43]
spiral bacteria .
Mucins are high-molecular-weight glycoproteins
that protect the gastric epithelium. The gastric surfacetype mucin is decreased in infected patients, because H.
pylori suppresses the expression of MUC5AC and MUC1
[44]
genes . It has been shown that L. plantarum strain
299v increases the expression of MUC2 gene and that
L. rhamnosus GG stimulates the expression of MUC3
gene and the subsequent extracellular secretion of
[45,46]
mucin by colon cell cultures
. Therefore, the ability
of some probiotic strains to increase mucin production
can protect the gastric mucosal barrier against the
adherence of pathogenic bacteria such as H. pylori.
Adherence of H. pylori to the host tissue is of vital
[47]
importance for colonization the gastric mucosa . There
are several proposed mechanisms of anti-adherence
activity of probiotics. L. reuteri and W. confusa are
capable of competing with H. pylori strains for adhesion
sites. For example, L. reuteri strains, JCM 1081 and TM
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105, inhibit the binding of spiral bacteria to glycolipid
[48]
receptors asialo-GMI and sulfatide . In addition,
[49]
Sakarya et al demonstrated that S. boulardii contains
neuraminidase activity, which removes surface α(2-3)linked sialic acid, the ligand for the sialic acid-binding H.
pylori adhesion.

POSSIBLE ROLE OF PROBIOTICS IN H.
PYLORI TREATMENT
Eradication failure rate of more than 20% and high
percentage of adverse effects of antibiotic therapy
are main problems in standard eradication therapy
protocols. Furthermore, lover compliance due to
adverse events results in higher antibiotic resistance
of bacterial strains. Studies published to date suggest
that probiotics can have dual role in fighting against
H. pylori infection. They diminish the frequency of
gastrointestinal adverse events caused by antibiotic
therapy and increase the eradication rate. The
probiotics have been experimentally used as single
therapy in eradication protocols or as therapeutic agent
used concomitantly with standard eradication therapy.

Probiotics as single therapy in H. pylori treatment

The first in vitro positive results were published in
[50]
[50]
1989 . Bhatia et al
discovered that H. pylori
growth in vitro was inhibited, if L. acidophilus was
[51]
present in the culture. Michetti et al
studied for the
first time the effect of probiotics [L. acidophilus (La1)]
on the H. pylori colonisation in humans. The study
showed that the density of bacterial load diminishes
in the probiotic group of asymptomatic patients,
whereas complete eradication of H. pylori was not
[52]
successful. Similarly, Wang et al
revealed that
after intake of B. lactis Bb12 and L. acidophilus La5
in H. pylori infected adults a decrease in urea breath
test values was detected. The bacterial load was
13
evaluated by the semi-quantitative C-urea breath
[53]
test in subjects treated with L. johnsonii La1 , L.
[54]
[55]
brevis CD2 lyophilized bacteria , B. bifidum BF-1 ,
[43]
[56]
L. reuteri ATCC 55730 , L. gasseri OLL 2716 , and
with multispecies probiotics such as a combination of
[57]
L. reuteri DSM 17938 and L. reuteri ATCC PTA 6457
or combination of L. rhamnosus GG, L. rhamnosus
[58]
LC705, P. Freudenreichii JS and B. lactis Bb12 .
Regardless of the used probiotics the authors reported
13
significant decrease in C-urea breath test values in
the probiotic group of studied patients.
[59]
Gotteland et al
included 182 asymptomatic
children infected with H. pylori and they were divided
into four groups: standard triple therapy group, S.
boulardii and inulin synbiotic group, L. acidophilus LB
probiotic group, or control group without any therapy.
Statistically significant decreases of urea breath test
values were detected in two groups: the standard
triple group and the S. boulardii inulin synbiotic group
of children. The authors concluded that S. boulardii
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can lower the bacterial load in the gastric mucosa of
children infected with H. pylori bacteria. Surprisingly,
in 12% of children in the second group treated with S.
boulardii and inulin H. pylori even the eradication was
successful. The same author carried out randomized,
double-blind study in 295 asymptomatic children
[60]
infected with H. pylori . The study compared
eradication rates after 3 wk of therapy with (1) placebo
juice/L. johnsonii La1; (2) cranberry juice /L. johnsonii
La1; (3) placebo juice/heat-killed L. johnsonii La1; and
(4) cranberry juice/heat-killed L. johnsonii La1. Except
for the placebo group the eradication rates were
above 14% in all tested groups, but didn’t statistically
significantly differ between each other. Cruchet et
[61]
al
included 326 infected children in a similar study.
The children were divided into five groups. They were
treated for one month either with live or heat-killed
L. johnsonii La1 or either with live or inactivated L.
paracasei ST11. The fifth group was the control group.
13
Statistically significant changes in C-urea breath test
were observed only in the group of pediatric patients
treated with live L. johnsonii La1 probiotics.
In conclusion, there are only a few studies eva
luating the effect of probiotics as monotherapy on
H. pylori eradication rate. The results of the studies
suggest that specific probiotics, such as S. boulardii
and L. johnsonni La1 probably diminish the bacterial
load, but not completely eradicate the H. pylori
bacteria.

Probiotics as adjuvant therapy in standard eradication
protocols

Several systematic reviews and meta-analyses re
garding effect of probiotics as adjuvant therapy to
standard treatment of H. pylori infection have been
[62,63]
published
. The authors suggested that probiotics
supplementation in general probably increase the
eradication rate and reduce the frequency of adverse
effects due to double antibiotic therapy. However,
the beneficial effects of probiotics seem to be strainspecific, thus, collecting data on different strains in
meta-analysis may result in misleading conclusions.
Regarding this, a better approach is to pool the
data on single probiotics strain and perform a meta[64]
analysis. Szajewska et al
recently published a
systematic review to evaluate the effects of sup
plementations with S. boulardii to standard triple
therapy protocol on H. pylori eradication rate. Five
randomized controlled trials of good methodological
quality involving 1307 patients were identified. Among
them only 90 children were included. The daily dose of
S. boulardii ranged from 500 mg to 1000 mg and the
duration of the therapy was from 2-4 wk. From four
trials the complete data on the eradication rates were
available. In 80% of the included patients treated with
S. boulardii along with triple therapy the eradication
was confirmed by standard diagnostic tools. In the
control group 9% lover absolute eradication rate
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was detected (71%, 324 of the 455 patients). The
authors concluded that compared with placebo or
no intervention, S. boulardii given along with triple
therapy significantly increased the eradication rate
[relative risk (RR) = 1.13, 95%CI: 1.05-1.21]. The
secondary endpoints of the same meta-analysis were
also to determine the effect of S. boulardii on therapyrelated adverse effects. About 24.3% of patients
experienced adverse effects in control group treated
with triple therapy, compared to 12.9% of patients in
probiotic group. Thus, the significant difference was
found between the S. boulardi group and the control
group with respect to the risk of overall adverse
effects (five randomised control trials, n = 1305, RR
= 0.46, 95%CI: 0.3-0.7). The authors analyse also
the data of specific adverse effects. With regard to
epigastric pain, taste disturbance/dry mouth, nausea
or abdominal gas/bloating no significant difference was
found between the studied groups. On the other hand,
the risk of therapy related diarrhoea was statistically
significantly lower in the probiotic group compared
with the control group treated only with antibiotics
and proton pump inhibitor (5.6% vs 12.2%, RR =
0.47, 95%CI: 0.32-0.69). The conclusions of the
meta-analysis were that the concomitant use of S.
boulardii with triple therapy moderately increases H.
pylori eradication rates and decreases antibiotic related
adverse effects, especially diarrhoea.
However, more recent studies published by Song et
[65]
[66]
al
and Zojaji et al
didn’t confirm positive impact
of S. boulardii on eradication rate. In Song’s study
991 H. pylori infected patients were recruited. Patients
in group A were treated only with two antibiotics
and proton pump inhibitor, in group B S. boulardii
was added for one month, and in group C the same
regimen was used and in addition mucoprotective
agent DA-9601 derived from Artemisia asiatica
was concomitantly prescribed. Interestingly, the
eradication rate was significantly higher in group B
and C compared to group A only if intention to treat
analysis was performed (P = 0.003), whereas the
eradication rate difference of per protocol patients
analysis was not significant. The conclusion was that
supplementation with S. boulardi could be effective
for improving eradication rates by reducing adverse
effects thus helping completion of eradication therapy.
[66]
Zojaji et al
included 160 adult patients. In the
study protocol the probiotic S. boulardii was added
to clarithromycin, amoxicillin and omeprazole for two
weeks. The study showed that probiotics decrease the
frequency of adverse events due to antibiotic therapy,
but didn’t increase the eradication rate of H. pylori.
[62]
Tong et al
systematically evaluated the effec
tiveness of supplementation with different probiotics in
increasing H. pylori eradication rates. In the publication
they also made sub-analysis for different probiotics
preparations. In eight of fourteen reported randomized
trials single probiotics strain was used. In tree trials,
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Lactobacillus species was administered to the standard
[67-69]
eradication therapy
. However, increased H. pylori
eradication rate in Lactobacillus group was reported
[69]
in only two studies published by Sýkora et al
and
[67]
Canducci et al . Overall in the tree studies the
eradication rates were 70% in control group and 84%
in probiotic supplemented group, which is a statistically
significant difference (RR = 2.09, 95%CI: 1.28-3.41).
In addition, this meta-analysis revealed that adding
probiotics to standard eradication protocols reduces
adverse effects during treatment (25% vs 39%, RR
= 0.44, 95%CI: 0.30-0.66). The positive impact on
diarrhoea and taste disturbance was most prominent.
The effectiveness of L. GG in children with H.
[70]
pylori infection was studied in a trial from Poland .
Of the 83 children tested, 34 children in a probiotics
9
group received L. GG 10 twice daily for one week
concomitantly with triple therapy. No significant
difference in H. pylori eradication rates between the
probiotic and the control group were found (RR =
0.98, 95%CI: 0.7-1.4). This result is in accordance
[68]
with trials in adult population. Armuzzi et al included
60 infected asymptomatic patients in a prospective
study in which patients were treated with rabeprazole,
clarithromycin tinidazole and L. GG or with the same
triple therapy and placebo. Diarrhoea, nausea and
taste disturbance were significantly reduced in the L.
GG supplemented group (relative risk = 0.1, 95%CI:
0.1 ± 0.9; relative risk = 0.3, 95%CI: 0.1 ± 0.9;
relative risk = 0.5, 95%CI: 0.2 ± 0.9, respectively).
In another Italian study 85 asymptomatic adults were
included, and the conclusion of the study was that L.
GG supplementation to standard therapy beneficially
[71]
affects treatment related adverse effects . However,
it seems that L. GG has no effect on eradication rates.
Demonstration that L. reuteri ATCC 55730 is able
to colonize the stomach and duodenum prompted
studies regarding the effect of this strain on H.
pylori eradication rates and the frequency of side
[30]
effects . In a recent study conducted in Italy, Ojetti
[72]
et al
recruited 90 patients in their study. L. reuteri
supplementation was concomitantly used for 14 d
with second line therapy receiving esomeprazole,
levofloxacin and amoxicillin in patients infected with
H. pylori. Probiotic supplementation increased the
eradication rate in treated patients (group 1: 36/45,
80%; group 2: 28/45 62%; P < 0.05). In addition,
the incidence of side effects associated with antibiotic
therapy was also significantly lower in the probiotic
group. This is in agreement with a trial that also
8
evaluated the impact of L. reuteri ATCC 55730 (10
CFU for twenty days) as an adjuvant to 10-d sequential
[73]
therapy in a group of 40 H. pylori infected children .
The Gastrointestinal Symptom Rating Score was lower
in the group of children treated with L. reuteri (3.2 vs
5.8, P < 0.009). However, the use of L. reuteri as an
adjunct to the sequential eradication therapy had no
effect on eradication rates (17/20 vs 16/20). In 2009,
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[43]

Francavilla et al
compared the eradication rates
and antibiotic adverse effects in 40 H. pylori positive
subjects who were receiving for a month placebo or
8
L. reuteri (10 CFU) once a day. At the end of the trial
patients received standard 10-d sequential eradication
therapy. Four week supplementation with L. reuteri
was effective in lowering gastrointestinal adverse
effects and also in reducing bacterial load, whereas no
statistical significant difference in eradication rates was
observed (88% vs 82%). Recently, the same group
published results of the double-blind placebo-controlled
randomized study using a combination of two L. reuteri
strains (L. reuteri DSM 17938 and L. reuteri ATCC
[57]
55730) as an adjunct to triple eradication therapy .
L. reuteri DSM 17938 is a safe daughter strain of
previously used L. reuteri ATCC 55730 in which two
plasmids coding antibiotic resistance were removed.
The new L. reuteri ATCC 55730 strain seems to have
strong anti-inflammatory properties. A combination
of two L. reuteri strains or placebo was given for two
months concomitantly with one-week triple eradication
therapy in a second part of the study. A significant
reduction of adverse effects was shown in the group
treated with eradication therapy and the combination
of two L. reuteri strains, whereas H. pylori eradication
rate was only slightly but not significantly increased in
the same group of patients. In another study published
[74]
by Emara et al
triple therapy supplemented with
L. reuteri increased eradication rate by 8.6% and
reduced the frequency of side effects. L. reuteri has
a positive influence on gastrointestinal side effects
especially diarrhoea, but conflicting reports regarding
the impact of L. reuteri on H. pylori eradication rates
demand further studies, especially because new strain
combination was developed.
The use of commercial yogurt containing B.
animalis and L. casei combined with conventional
triple therapy was investigated in two studies. Sheu
[75]
et al
tested the efficacy of this yogurt as adjuvant
to triple treatment. The difference in eradication rates
of H. pylori infection in two groups was statistically
significant in favour of probiotic group (73/80 vs
63/80, P < 0.05). Only patients supplemented with
yogurt showed restoration of the percentage of
Bifidobacterium in the stools at the end of the study
to the level in the stools on enrolment. Goldman et
[76]
al
was not able to confirm the important role of
yogurt supplementation to standard triple therapy in
a pediatric study. Contrary to Sheu study protocol, in
which yogurt was administrated for five weeks, they
continued with the probiotics treatment for three
months. In spite of prolonged therapy they found no
difference in H. pylori eradication rates among the
yogurt and the placebo groups of patients (14/33 vs
13/32, P value is not significant).
Effect of pre-treatment with L. gasseri OLL2716
on first-line eradication therapy was studied in a trial
[77]
published by Deguchi et al . About 229 infected
patients were randomized into two groups, either
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one-week triple therapy (rabeprazole, clarithromycin,
amoxicillin) or the same therapy with addition of
probiotics. Overall eradication was significantly better
in the studied probiotic group [intention to treat (P
= 0.018)/per protocol (P = 0.041)], but more pros
pective studies are needed to evaluate the role of L.
gasseri OLL2716 in the treatment in H. pylori infection.
Beneficial effects of adding fermented milk product
containing L. casei DN-114 001 to the triple therapy
on the eradication rate of H. pylori infection in children
were showed in a multicentre study from the Check
[67]
Republic . Eighty-six symptomatic children infected
with H. pylori were randomized either to receive the
omeprazole, amoxicillin, clarithromycin or the same
regimen with addition of probiotic for 7 d. Eradication
rate was statistically significantly higher in the probiotic
group (P = 0.0045). B. claussi have also been studied
as a possible adjunct to standard therapy for H. pylori
eradication, but the positive effect on eradication rate
[78]
was not confirmed . The characteristics of important
studies where probiotics were used as adjuvant
therapy to eradication treatment are presented in
Table 1.

CONCLUSION
Chronic infection with H. pylori is a well-described
risk factor for ulcer disease, gastric adenocarcinoma
and MALT lymphoma. Therefore, eradication of H.
pylori is a primary goal in symptomatic patients. The
eradication rates achieved by classic triple therapy
consisted from proton pump inhibitor and double
antibiotic therapy are quite low and range from
60% to 80%, due to resistance to antibiotics and to
moderate patient compliance. Antibiotic-associated
gastrointestinal adverse events are the major cause for
lower compliance. Therefore, probiotics were proposed
as a useful adjunct to improve eradication rate and to
decrease the frequency of adverse effects.
So far, mostly different types of Lactobacillus
and S. boulardii were tested. The above-mentioned
probiotics most probably decrease the bacterial load
but don’t eradicate H. pylori completely in the gastric
mucosa, if they are used as monotherapy. On the
contrary, some probiotics when added to classical triple
therapy may increase eradication rates. A reasonable
amount of evidence exists that supplementation with
S. boulardii is a useful concomitant therapy in the
standard H. pylori eradication treatment protocol and
most probably increases the eradication rate. L. reuteri
is also a good candidate for adjunctive therapy, but
more positive studies are needed. The effect of other
probiotics strains is less well described.
Side effects, caused by double antibiotic therapy,
can be lowered with probiotics. Probiotic strains,
such as S. boulardii, L. reuteri and L. GG, decrease
gastrointestinal antibiotic associated adverse effects,
especially diarrhoea. The Maastricht IV/Florence
Consensus Report suggests that certain probiotics

10649

October 7, 2015|Volume 21|Issue 37|

Homan M et al . Role of probiotics in H. pylori treatment protocols
Table 1 Probiotics as adjuvant therapy in Helicobacter pylori eradication protocols
Ref.

Therapy

Cindoruk et al[79]
Cremonini et al[71]
Duman et al[80]
Hurduc et al[81]
Song et al[65]
Zojaji et al[66]
Canducci et al[67]
Sýkora et al[69]
Armuzzi et al[68]
Szajewska et al[70]
Cremonini et al[71]
Ojetti et al[72]
Lionetti et al[73]
Francavilla et al[57]
Emara et al[74]
Sheu et al[75]
Goldman et al[76]
Deguchi et al[77]
Nista et al[78]

Study

Eradication
therapy (d)

Probiotic therapy
(d)

No. pts

PPI + AC (14)
PPI + CT (7)
PPI + AC (14)
PPI + AC (10)
PPI + AC (7)
PPI + AC (14)
PPI + AC (7)
PPI + AC (7)
PPI + CT (7)
PPI + AC (7)
PPI + CT (7)
PPI + AL
PPI + ACT (10)
PPI + (7)
PPI + AC (14)
PPI + AC (7)
PPI + AC (7)
PPI + AC (7)
PPI + AC (7)

S. boulardii (14)
S. boulardii (14)
S. boulardii (14)
S. boulardii (28)
S. boulardii (28)
S. boulardii (14)
L. acidophilus (7 )
L. casei (14)
L. GG (14)
L. GG (14)
L. GG (14)
L. reuteri (14 )
L. reuteri (20 )
L. reuteri (2 strains) (60)
L. reuteri (28)
B. animalis, L. casei (35)
B. animalis, L. casei (90)
L. gasseri (28)
B. clausii (14)

124
43
389
90
661
160
120
86
60
83
85
90
42
100
70
160
65
229
120

Eradication rate

Reass. of

H. pylori

UBT
UBT
UBT, hist.
UBT
UBT
UBT
UBT
UBT
UBT, hist., RUT
UBT
UBT
UBT
UBT
hist., RUT
hist., RUT, UBT
UBT
UBT
UBT

Adverse effects

H. pylori +

H. pylori

H. pylori +

H. pylori

probiotic
therapy

therapy

probiotic
therapy

therapy

44/621
17/20
45/48
264/330
75/80
42/601
33/391
25/30
23/34
16/21
36/451
17/20

37/62
16/20
34/42
237/331
65/80
52/60
27/47
24/30
22/32
16/20
27/45
16/20

14/621
3/211
17/2041
4/481
48/3301
14/801
7/39
12/301
18/35
3/201
10/451
3/201

37/62
12/20
31/185
13/42
63/331
29/80
9/47
20/30
13/32
12/20
26/45
9/20

26/35
73/801
14/33
95/1111
39/50

23/35
63/80
13/32
79/106
37/50

10/351
15/801
21/501

24/35
53/80
30/50

1

Statistically significant (P < 0.05). -: Data are not available; p: Pediatric study; Pts.: Patients; Reass.: Reassessment; PPI: Proton pump inhibitor: UBT: Urea
breath test; Hist.: Histology; RUT: Rapid urease test; A: Amoxicillin; C: Clarithromycin; T: Tinidazole; L: Levofloxacin.

and prebiotics show promising results as an adjuvant
[13]
treatment in reducing side effects .
10

REFERENCES
1

2
3

4
5

6

7
8

9

Solnick JV, Schauer DB. Emergence of diverse Helicobacter species
in the pathogenesis of gastric and enterohepatic diseases. Clin
Microbiol Rev 2001; 14: 59-97 [PMID: 11148003 DOI: 10.1128/
CMR.14.1.59-97.2001]
Josenhans C, Suerbaum S. The role of motility as a virulence
factor in bacteria. Int J Med Microbiol 2002; 291: 605-614 [PMID:
12008914 DOI: 10.1078/1438-4221-00173]
Weeks DL, Eskandari S, Scott DR, Sachs G. A H+-gated urea
channel: the link between Helicobacter pylori urease and gastric
colonization. Science 2000; 287: 482-485 [PMID: 10642549 DOI:
10.1126/science.287.5452.482]
D’Elios MM, Czinn SJ. Immunity, inflammation, and vaccines for
Helicobacter pylori. Helicobacter 2014; 19 Suppl 1: 19-26 [PMID:
25167941 DOI: 10.1111/hel.12156]
Osaki T, Yamaguchi H, Taguchi H, Fukuda M, Kawakami H,
Hirano H, Watanabe S, Takagi A, Kamiya S. Establishment and
characterisation of a monoclonal antibody to inhibit adhesion of
Helicobacter pylori to gastric epithelial cells. J Med Microbiol 1998;
47: 505-512 [PMID: 9879969 DOI: 10.1099/00222615-47-6-505]
Sakamoto S, Watanabe T, Tokumaru T, Takagi H, Nakazato H,
Lloyd KO. Expression of Lewisa, Lewisb, Lewisx, Lewisy, siaylLewisa, and sialyl-Lewisx blood group antigens in human gastric
carcinoma and in normal gastric tissue. Cancer Res 1989; 49:
745-752 [PMID: 2910493]
Yamaoka Y. Increasing evidence of the role of Helicobacter pylori
SabA in the pathogenesis of gastroduodenal disease. J Infect Dev
Ctries 2008; 2: 174-181 [PMID: 19738347 DOI: 10.3855/jidc.259]
Walz A, Odenbreit S, Stühler K, Wattenberg A, Meyer HE, Mahdavi
J, Borén T, Ruhl S. Identification of glycoprotein receptors within
the human salivary proteome for the lectin-like BabA and SabA
adhesins of Helicobacter pylori by fluorescence-based 2-D bacterial
overlay. Proteomics 2009; 9: 1582-1592 [PMID: 19253298 DOI:
10.1002/pmic.200700808]
Van de Bovenkamp JH, Mahdavi J, Korteland-Van Male AM,

WJG|www.wjgnet.com

11

12

13

14

15

16

17
18

10650

Büller HA, Einerhand AW, Borén T, Dekker J. The MUC5AC
glycoprotein is the primary receptor for Helicobacter pylori in the
human stomach. Helicobacter 2003; 8: 521-532 [PMID: 14535999]
Kawakami E, Machado RS, Ogata SK, Langner M. Decrease in
prevalence of Helicobacter pylori infection during a 10-year period
in Brazilian children. Arq Gastroenterol 2008; 45: 147-151 [PMID:
18622470 DOI: 10.1590/S0004]
Elitsur Y, Dementieva Y, Rewalt M, Lawrence Z. Helicobacter pylori
infection rate decreases in symptomatic children: a retrospective
analysis of 13 years (1993-2005) from a gastroenterology clinic
in West Virginia. J Clin Gastroenterol 2009; 43: 147-151 [PMID:
18779740 DOI: 10.1097/MCG.0b013e318157e4e7]
Parsonnet J, Hansen S, Rodriguez L, Gelb AB, Warnke RA, Jellum
E, Orentreich N, Vogelman JH, Friedman GD. Helicobacter pylori
infection and gastric lymphoma. N Engl J Med 1994; 330: 1267-1271
[PMID: 8145781 DOI: 10.1056/NEJM199405053301803]
Malfertheiner P, Megraud F, O’Morain CA, Atherton J, Axon AT,
Bazzoli F, Gensini GF, Gisbert JP, Graham DY, Rokkas T, El-Omar
EM, Kuipers EJ. Management of Helicobacter pylori infection--the
Maastricht IV/ Florence Consensus Report. Gut 2012; 61: 646-664
[PMID: 22491499 DOI: 10.1136/gutjnl-2012-302084]
Homan M, Luzar B, Kocjan BJ, Orel R, Mocilnik T, Shrestha M,
Kveder M, Poljak M. Prevalence and clinical relevance of cagA,
vacA, and iceA genotypes of Helicobacter pylori isolated from
Slovenian children. J Pediatr Gastroenterol Nutr 2009; 49: 289-296
[PMID: 19525870 DOI: 10.1097/MPG.0b013e31818f09f2]
Homan M, Šterbenc A, Kocjan BJ, Luzar B, Zidar N, Orel R, Poljak
M. Prevalence of the Helicobacter pylori babA2 gene and correlation
with the degree of gastritis in infected Slovenian children. Antonie
Van Leeuwenhoek 2014; 106: 637-645 [PMID: 25055876 DOI:
10.1007/s10482-014-0234-0]
Kodama M, Murakami K, Okimoto T, Abe T, Nakagawa Y,
Mizukami K, Uchida M, Inoue K, Fujioka T. Helicobacter pylori
eradication improves gastric atrophy and intestinal metaplasia
in long-term observation. Digestion 2012; 85: 126-130 [PMID:
22269293 DOI: 10.1159/000334684]
Taube C, Müller A. The role of Helicobacter pylori infection in the
development of allergic asthma. Expert Rev Respir Med 2012; 6:
441-449 [PMID: 22971068 DOI: 10.1586/ers.12.40]
Wang Q, Yu C, Sun Y. The association between asthma and

October 7, 2015|Volume 21|Issue 37|

Homan M et al . Role of probiotics in H. pylori treatment protocols

19

20

21
22

23

24
25

26

27
28
29
30

31
32
33

34

35

Helicobacter pylori: a meta-analysis. Helicobacter 2013; 18: 41-53
[PMID: 23067334 DOI: 10.1111/hel.12012]
Vo HD, Goli S, Gill R, Anderson V, Stefanov DG, Xu J, KulsumMecci N, Schwarz SM, Rabinowitz SS. Inverse correlation between
Helicobacter pylori colonization and obesity in a cohort of inner
city children. Helicobacter 2015; 20: 64-68 [PMID: 25308209 DOI:
10.1111/hel.12154]
Qian B, Ma S, Shang L, Qian J, Zhang G. Effects of Helicobacter
pylori eradication on gastroesophageal reflux disease.
Helicobacter 2011; 16: 255-265 [PMID: 21762264 DOI: 10.1111/
j.1523-5378.2011.00846.x]
Mégraud F. H pylori antibiotic resistance: prevalence, importance,
and advances in testing. Gut 2004; 53: 1374-1384 [PMID: 15306603
DOI: 10.1136/gut.2003.022111]
Saracino IM, Zullo A, Holton J, Castelli V, Fiorini G, Zaccaro C,
Ridola L, Ricci C, Gatta L, Vaira D. High prevalence of primary
antibiotic resistance in Helicobacter pylori isolates in Italy. J
Gastrointestin Liver Dis 2012; 21: 363-365 [PMID: 23256118]
Sasaki M, Ogasawara N, Utsumi K, Kawamura N, Kamiya T,
Kataoka H, Tanida S, Mizoshita T, Kasugai K, Joh T. Changes in
12-Year First-Line Eradication Rate of Helicobacter pylori Based
on Triple Therapy with Proton Pump Inhibitor, Amoxicillin and
Clarithromycin. J Clin Biochem Nutr 2010; 47: 53-58 [PMID:
20664731 DOI: 10.3164/jcbn.10-10]
Misiewicz JJ. Management of Helicobacter pylori-related disorders.
Eur J Gastroenterol Hepatol 1997; 9 Suppl 1: S17-20; discussion
S20-1, S27-9 [PMID: 9160212]
Henry A, Batey RG. Enhancing compliance not a prerequisite for
effective eradication of Helicobacter pylori: the HelP Study. Am J
Gastroenterol 1999; 94: 811-815 [PMID: 10086671 DOI: 10.1111/
j.1572-0241.1999.00856.x]
Food and Agriculture Organisation of the United Nations; World
Health Organisation. Guidelines for the evaluation of probiotics in
food: joint FAO/WHO Working Group report on drafting guidelines
for the evaluation of probiotics in food. Available from: URL: ftp://
ftp.fao.org/es/esn/food/wgreport2.pdf
Sullivan A, Nord CE. Probiotics and gastrointestinal diseases. J
Intern Med 2005; 257: 78-92 [PMID: 15606379 DOI: 10.1111/
j.1365-2796.2004.01410.x]
Gill HS, Guarner F. Probiotics and human health: a clinical
perspective. Postgrad Med J 2004; 80: 516-526 [PMID: 15356352
DOI: 10.1136/pgmj.2003.008664]
Sherman LA, Savage DC. Lipoteichoic acids in Lactobacillus
strains that colonize the mouse gastric epithelium. Appl Environ
Microbiol 1986; 52: 302-304 [PMID: 3752995]
Valeur N, Engel P, Carbajal N, Connolly E, Ladefoged K.
Colonization and immunomodulation by Lactobacillus reuteri
ATCC 55730 in the human gastrointestinal tract. Appl Environ
Microbiol 2004; 70: 1176-1181 [PMID: 14766603 DOI: 10.1128/
AEM.70.2.1176-1181.2004]
Elliott SN, Buret A, McKnight W, Miller MJ, Wallace JL. Bacteria
rapidly colonize and modulate healing of gastric ulcers in rats. Am J
Physiol 1998; 275: G425-G432 [PMID: 9724253]
Goodwin CS, Mendall MM, Northfield TC. Helicobacter pylori
infection. Lancet 1997; 349: 265-269 [PMID: 9014926 DOI:
10.1016/S0140-6736(96)07023-7]
Borruel N, Casellas F, Antolín M, Llopis M, Carol M, Espíin
E, Naval J, Guarner F, Malagelada JR. Effects of nonpathogenic
bacteria on cytokine secretion by human intestinal mucosa. Am J
Gastroenterol 2003; 98: 865-870 [PMID: 12738469 DOI: 10.1111/
j.1572-0241.2003.07384.x]
Yang YJ, Chuang CC, Yang HB, Lu CC, Sheu BS. Lactobacillus
acidophilus ameliorates H. pylori-induced gastric inflammation by
inactivating the Smad7 and NFκB pathways. BMC Microbiol 2012;
12: 38 [PMID: 22429929 DOI: 10.1186/1471-2180-12-38]
Zhou C, Ma FZ, Deng XJ, Yuan H, Ma HS. Lactobacilli
inhibit interleukin-8 production induced by Helicobacter pylori
lipopolysaccharide-activated Toll-like receptor 4. World J
Gastroenterol 2008; 14: 5090-5095 [PMID: 18763295 DOI:
10.3748/wjg.14.5090]

WJG|www.wjgnet.com

36

37
38

39

40
41

42

43

44

45

46

47

48

49

50
51

52

10651

Lee JS, Paek NS, Kwon OS, Hahm KB. Anti-inflammatory actions
of probiotics through activating suppressor of cytokine signaling
(SOCS) expression and signaling in Helicobacter pylori infection:
a novel mechanism. J Gastroenterol Hepatol 2010; 25: 194-202
[PMID: 20136974 DOI: 10.1111/j.1440-1746.2009.06127.x]
Vitiñi E, Alvarez S, Medina M, Medici M, de Budeguer MV,
Perdigón G. Gut mucosal immunostimulation by lactic acid bacteria.
Biocell 2000; 24: 223-232 [PMID: 11201658]
Sgouras D, Maragkoudakis P, Petraki K, Martinez-Gonzalez
B, Eriotou E, Michopoulos S, Kalantzopoulos G, Tsakalidou E,
Mentis A. In vitro and in vivo inhibition of Helicobacter pylori by
Lactobacillus casei strain Shirota. Appl Environ Microbiol 2004; 70:
518-526 [PMID: 14711683 DOI: 10.1128/AEM.70.1.518-526.2004]
Midolo PD, Lambert JR, Hull R, Luo F, Grayson ML. In vitro
inhibition of Helicobacter pylori NCTC 11637 by organic acids and
lactic acid bacteria. J Appl Bacteriol 1995; 79: 475-479 [PMID:
7592140]
Lesbros-Pantoflickova D, Corthésy-Theulaz I, Blum AL.
Helicobacter pylori and probiotics. J Nutr 2007; 137: 812S-818S
[PMID: 17311980]
Lorca GL, Wadström T, Valdez GF, Ljungh A. Lactobacillus
acidophilus autolysins inhibit Helicobacter pylori in vitro. Curr
Microbiol 2001; 42: 39-44 [PMID: 11116395 DOI: 10.1007/
s002840010175]
Pinchuk IV, Bressollier P, Verneuil B, Fenet B, Sorokulova IB,
Mégraud F, Urdaci MC. In vitro anti-Helicobacter pylori activity
of the probiotic strain Bacillus subtilis 3 is due to secretion of
antibiotics. Antimicrob Agents Chemother 2001; 45: 3156-3161
[PMID: 11600371 DOI: 10.1128/AAC.45.11.3156-3161.2001]
Francavilla R, Lionetti E, Castellaneta SP, Magistà AM,
Maurogiovanni G, Bucci N, De Canio A, Indrio F, Cavallo L,
Ierardi E, Miniello VL. Inhibition of Helicobacter pylori infection
in humans by Lactobacillus reuteri ATCC 55730 and effect on
eradication therapy: a pilot study. Helicobacter 2008; 13: 127-134
[PMID: 18321302 DOI: 10.1111/j.1523-5378.2008.00593.x]
Byrd JC, Yunker CK, Xu QS, Sternberg LR, Bresalier RS. Inhibition
of gastric mucin synthesis by Helicobacter pylori. Gastroenterology
2000; 118: 1072-1079 [PMID: 10833482 DOI: 10.1016/S00165085(00)70360-X]
Mack DR, Michail S, Wei S, McDougall L, Hollingsworth MA.
Probiotics inhibit enteropathogenic E. coli adherence in vitro by
inducing intestinal mucin gene expression. Am J Physiol 1999; 276:
G941-G950 [PMID: 10198338]
Mack DR, Ahrne S, Hyde L, Wei S, Hollingsworth MA.
Extracellular MUC3 mucin secretion follows adherence of
Lactobacillus strains to intestinal epithelial cells in vitro. Gut 2003;
52: 827-833 [PMID: 12740338 DOI: 10.1136/gut.52.6.827]
Guruge JL, Falk PG, Lorenz RG, Dans M, Wirth HP, Blaser MJ,
Berg DE, Gordon JI. Epithelial attachment alters the outcome of
Helicobacter pylori infection. Proc Natl Acad Sci USA 1998; 95:
3925-3930 [PMID: 9520469 DOI: 10.1073/pnas.95.7.3925]
Mukai T, Asasaka T, Sato E, Mori K, Matsumoto M, Ohori H.
Inhibition of binding of Helicobacter pylori to the glycolipid
receptors by probiotic Lactobacillus reuteri. FEMS Immunol Med
Microbiol 2002; 32: 105-110 [PMID: 11821231 DOI: 10.1016/
S0928-8244(01)00284-X]
Sakarya S, Gunay N. Saccharomyces boulardii expresses
neuraminidase activity selective for α2,3-linked sialic acid that
decreases Helicobacter pylori adhesion to host cells. APMIS 2014;
122: 941-950 [PMID: 24628732 DOI: 10.1111/apm.12237]
Bhatia SJ, Kochar N, Abraham P, Nair NG, Mehta AP. Lactobacillus
acidophilus inhibits growth of Campylobacter pylori in vitro. J Clin
Microbiol 1989; 27: 2328-2330 [PMID: 2511224]
Michetti P, Dorta G, Wiesel PH, Brassart D, Verdu E, Herranz
M, Felley C, Porta N, Rouvet M, Blum AL, Corthésy-Theulaz
I. Effect of whey-based culture supernatant of Lactobacillus
acidophilus (johnsonii) La1 on Helicobacter pylori infection in
humans. Digestion 1999; 60: 203-209 [PMID: 10343133 DOI:
10.1159/000007660]
Wang KY, Li SN, Liu CS, Perng DS, Su YC, Wu DC, Jan CM,

October 7, 2015|Volume 21|Issue 37|

Homan M et al . Role of probiotics in H. pylori treatment protocols

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Lai CH, Wang TN, Wang WM. Effects of ingesting Lactobacillusand Bifidobacterium-containing yogurt in subjects with colonized
Helicobacter pylori. Am J Clin Nutr 2004; 80: 737-741 [PMID:
15321816]
Gotteland M, Cruchet S. Suppressive effect of frequent ingestion
of Lactobacillus johnsonii La1 on Helicobacter pylori colonization
in asymptomatic volunteers. J Antimicrob Chemother 2003; 51:
1317-1319 [PMID: 12697639 DOI: 10.1093/jac/dkg227]
Linsalata M, Russo F, Berloco P, Caruso ML, Matteo GD,
Cifone MG, Simone CD, Ierardi E, Di Leo A. The influence of
Lactobacillus brevis on ornithine decarboxylase activity and
polyamine profiles in Helicobacter pylori-infected gastric mucosa.
Helicobacter 2004; 9: 165-172 [PMID: 15068419 DOI: 10.1111/
j.1083-4389.2004.00214.x]
Miki K, Urita Y, Ishikawa F, Iino T, Shibahara-Sone H, Akahoshi R,
Mizusawa S, Nose A, Nozaki D, Hirano K, Nonaka C, Yokokura T.
Effect of Bifidobacterium bifidum fermented milk on Helicobacter
pylori and serum pepsinogen levels in humans. J Dairy Sci 2007; 90:
2630-2640 [PMID: 17517703 DOI: 10.3168/jds.2006-803]
Sakamoto I, Igarashi M, Kimura K, Takagi A, Miwa T, Koga Y.
Suppressive effect of Lactobacillus gasseri OLL 2716 (LG21) on
Helicobacter pylori infection in humans. J Antimicrob Chemother
2001; 47: 709-710 [PMID: 11328791 DOI: 10.1093/jac/47.5.709]
Francavilla R, Polimeno L, Demichina A, Maurogiovanni G,
Principi B, Scaccianoce G, Ierardi E, Russo F, Riezzo G, Di
Leo A, Cavallo L, Francavilla A, Versalovic J. Lactobacillus
reuteri strain combination in Helicobacter pylori infection: a
randomized, double-blind, placebo-controlled study. J Clin
Gastroenterol 2014; 48: 407-413 [PMID: 24296423 DOI: 10.1097/
MCG.0000000000000007]
Myllyluoma E, Kajander K, Mikkola H, Kyrönpalo S, Rasmussen
M, Kankuri E, Sipponen P, Vapaatalo H, Korpela R. Probiotic
intervention decreases serum gastrin-17 in Helicobacter pylori
infection. Dig Liver Dis 2007; 39: 516-523 [PMID: 17433799 DOI:
10.1016/j.dld.2007.02.015]
Gotteland M, Poliak L, Cruchet S, Brunser O. Effect of regular
ingestion of Saccharomyces boulardii plus inulin or Lactobacillus
acidophilus LB in children colonized by Helicobacter pylori. Acta
Paediatr 2005; 94: 1747-1751 [PMID: 16421034 DOI: 10.1111/
j.1651-2227.2005.tb01848.x]
Gotteland M, Andrews M, Toledo M, Muñoz L, Caceres P, Anziani
A, Wittig E, Speisky H, Salazar G. Modulation of Helicobacter
pylori colonization with cranberry juice and Lactobacillus johnsonii
La1 in children. Nutrition 2008; 24: 421-426 [PMID: 18343637]
Cruchet S, Obregon MC, Salazar G, Diaz E, Gotteland M. Effect
of the ingestion of a dietary product containing Lactobacillus
johnsonii La1 on Helicobacter pylori colonization in children.
Nutrition 2003; 19: 716-721 [PMID: 12921879 DOI: 10.1016/
S0899-9007(03)00109-6]
Tong JL, Ran ZH, Shen J, Zhang CX, Xiao SD. Meta-analysis:
the effect of supplementation with probiotics on eradication rates
and adverse events during Helicobacter pylori eradication therapy.
Aliment Pharmacol Ther 2007; 25: 155-168 [PMID: 17229240 DOI:
10.1111/j.1365-2036.2006.03179.x]
Zhu R, Chen K, Zheng YY, Zhang HW, Wang JS, Xia YJ, Dai WQ,
Wang F, Shen M, Cheng P, Zhang Y, Wang CF, Yang J, Li JJ, Lu J,
Zhou YQ, Guo CY. Meta-analysis of the efficacy of probiotics in
Helicobacter pylori eradication therapy. World J Gastroenterol 2014;
20: 18013-18021 [PMID: 25548501]
Szajewska H, Horvath A, Piwowarczyk A. Meta-analysis: the
effects of Saccharomyces boulardii supplementation on Helicobacter
pylori eradication rates and side effects during treatment. Aliment
Pharmacol Ther 2010; 32: 1069-1079 [PMID: 21039671 DOI:
10.1111/j.1365-2036.2010.04457.x]
Song MJ, Park DI, Park JH, Kim HJ, Cho YK, Sohn CI, Jeon
WK, Kim BI. The effect of probiotics and mucoprotective agents
on PPI-based triple therapy for eradication of Helicobacter pylori.
Helicobacter 2010; 15: 206-213 [PMID: 20557362 DOI: 10.1111/
j.1523-5378.2010.00751.x]
Zojaji H, Ghobakhlou M, Rajabalinia H, Ataei E, Jahani Sherafat S,

WJG|www.wjgnet.com

67

68

69

70

71

72

73

74

75

76

77

78

10652

Moghimi-Dehkordi B, Bahreiny R. The efficacy and safety of adding
the probiotic Saccharomyces boulardiito standard triple therapy for
eradication of H.pylori: a randomized controlled trial. Gastroenterol
Hepatol Bed Bench 2013; 6: S99-S104 [PMID: 24834296]
Canducci F, Armuzzi A, Cremonini F, Cammarota G, Bartolozzi
F, Pola P, Gasbarrini G, Gasbarrini A. A lyophilized and inactivated
culture of Lactobacillus acidophilus increases Helicobacter pylori
eradication rates. Aliment Pharmacol Ther 2000; 14: 1625-1629
[PMID: 11121911 DOI: 10.1046/j.1365-2036.2000.00885.x]
Armuzzi A, Cremonini F, Bartolozzi F, Canducci F, Candelli M,
Ojetti V, Cammarota G, Anti M, De Lorenzo A, Pola P, Gasbarrini
G, Gasbarrini A. The effect of oral administration of Lactobacillus
GG on antibiotic-associated gastrointestinal side-effects during
Helicobacter pylori eradication therapy. Aliment Pharmacol
Ther 2001; 15: 163-169 [PMID: 11148433 DOI: 10.1046/
j.1365-2036.2001.00923.x]
Sýkora J, Valecková K, Amlerová J, Siala K, Dedek P, Watkins
S, Varvarovská J, Stozický F, Pazdiora P, Schwarz J. Effects of a
specially designed fermented milk product containing probiotic
Lactobacillus casei DN-114 001 and the eradication of H. pylori
in children: a prospective randomized double-blind study. J Clin
Gastroenterol 2005; 39: 692-698 [PMID: 16082279]
Szajewska H, Albrecht P, Topczewska-Cabanek A. Randomized,
double-blind, placebo-controlled trial: effect of lactobacillus GG
supplementation on Helicobacter pylori eradication rates and
side effects during treatment in children. J Pediatr Gastroenterol
Nutr 2009; 48: 431-436 [PMID: 19330931 DOI: 10.1097/
MPG.0b013e318182e716]
Cremonini F, Di Caro S, Covino M, Armuzzi A, Gabrielli M,
Santarelli L, Nista EC, Cammarota G, Gasbarrini G, Gasbarrini A.
Effect of different probiotic preparations on anti-helicobacter pylori
therapy-related side effects: a parallel group, triple blind, placebocontrolled study. Am J Gastroenterol 2002; 97: 2744-2749 [PMID:
12425542 DOI: 10.1016/S0002-9270(02)05480-1]
Ojetti V, Bruno G, Ainora ME, Gigante G, Rizzo G, Roccarina D,
Gasbarrini A. Impact of Lactobacillus reuteri Supplementation on
Anti-Helicobacter pylori Levofloxacin-Based Second-Line Therapy.
Gastroenterol Res Pract 2012; 2012: 740381 [PMID: 22690211]
Lionetti E, Miniello VL, Castellaneta SP, Magistá AM, de Canio A,
Maurogiovanni G, Ierardi E, Cavallo L, Francavilla R. Lactobacillus
reuteri therapy to reduce side-effects during anti-Helicobacter pylori
treatment in children: a randomized placebo controlled trial. Aliment
Pharmacol Ther 2006; 24: 1461-1468 [PMID: 17032283 DOI:
10.1111/j.1365-2036.2006.03145.x]
Emara MH, Mohamed SY, Abdel-Aziz HR. Lactobacillus reuteri in
management of Helicobacter pylori infection in dyspeptic patients:
a double-blind placebo-controlled randomized clinical trial. Therap
Adv Gastroenterol 2014; 7: 4-13 [PMID: 24381643 DOI: 10.1177/1
756283X13503514]
Sheu BS, Wu JJ, Lo CY, Wu HW, Chen JH, Lin YS, Lin MD. Impact
of supplement with Lactobacillus- and Bifidobacterium-containing
yogurt on triple therapy for Helicobacter pylori eradication. Aliment
Pharmacol Ther 2002; 16: 1669-1675 [PMID: 12197847 DOI:
10.1046/j.1365-2036.2002.01335.x]
Goldman CG, Barrado DA, Balcarce N, Rua EC, Oshiro M,
Calcagno ML, Janjetic M, Fuda J, Weill R, Salgueiro MJ, Valencia
ME, Zubillaga MB, Boccio JR. Effect of a probiotic food as an
adjuvant to triple therapy for eradication of Helicobacter pylori
infection in children. Nutrition 2006; 22: 984-988 [PMID: 16978844
DOI: 10.1016/j.nut.2006.06.008]
Deguchi R, Nakaminami H, Rimbara E, Noguchi N, Sasatsu M,
Suzuki T, Matsushima M, Koike J, Igarashi M, Ozawa H, Fukuda
R, Takagi A. Effect of pretreatment with Lactobacillus gasseri
OLL2716 on first-line Helicobacter pylori eradication therapy. J
Gastroenterol Hepatol 2012; 27: 888-892 [PMID: 22098133 DOI:
10.1111/j.1440-1746.2011.06985.x]
Nista EC, Candelli M, Cremonini F, Cazzato IA, Zocco MA,
Franceschi F, Cammarota G, Gasbarrini G, Gasbarrini A. Bacillus
clausii therapy to reduce side-effects of anti-Helicobacter pylori
treatment: randomized, double-blind, placebo controlled trial.

October 7, 2015|Volume 21|Issue 37|

Homan M et al . Role of probiotics in H. pylori treatment protocols

79

80

Aliment Pharmacol Ther 2004; 20: 1181-1188 [PMID: 15569121
DOI: 10.1111/j.1365-2036.2004.02274.x]
Cindoruk M, Erkan G, Karakan T, Dursun A, Unal S. Efficacy
and safety of Saccharomyces boulardii in the 14-day triple antiHelicobacter pylori therapy: a prospective randomized placebocontrolled double-blind study. Helicobacter 2007; 12: 309-316
[PMID: 17669103 DOI: 10.1111/j.1523-5378.2007.00516.x]
Duman DG, Bor S, Ozütemiz O, Sahin T, Oğuz D, Iştan F, Vural T,
Sandkci M, Işksal F, Simşek I, Soytürk M, Arslan S, Sivri B, Soykan I,

81

Temizkan A, Beşşk F, Kaymakoğlu S, Kalayc C. Efficacy and safety
of Saccharomyces boulardii in prevention of antibiotic-associated
diarrhoea due to Helicobacterpylori eradication. Eur J Gastroenterol
Hepatol 2005; 17: 1357-1361 [PMID: 16292090]
Hurduc V, Plesca D, Dragomir D, Sajin M, Vandenplas Y. A
randomized, open trial evaluating the effect of Saccharomyces
boulardii on the eradication rate of Helicobacter pylori infection in
children. Acta Paediatr 2009; 98: 127-131 [PMID: 18681892 DOI:
10.1111/j.1651-2227.2008.00977.x]
P- Reviewer: D'Elios MM, Eren B, Malnick S, Sakarya S
S- Editor: Yu J L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

10653

October 7, 2015|Volume 21|Issue 37|

World J Gastroenterol 2015 October 7; 21(37): 10654-10661
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i37.10654

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Cohort Study

Histological healing after infliximab induction therapy in
children with ulcerative colitis
Anna Wiernicka, Sylwia Szymanska, Joanna Cielecka-Kuszyk, Maciej Dadalski, Jaroslaw Kierkus
Anna Wiernicka, Maciej Dadalski, Jaroslaw Kierkus,
Department of Gastroenterology, Hepatology, Feeding Disorders
and Pediatrics, The Children’s Memorial Health Institute, 04-730
Warsaw, Poland
Sylwia Szymanska, Joanna Cielecka-Kuszyk, Department of
Pathology, The Children’s Memorial Health Institute, 04-730
Warsaw, Poland
Author contributions: Wiernicka A collected and analyzed
the data, and wrote the manuscript; Kierkus J designed and
supervised the study and revised the manuscript; Dadalski M
supervised statistical analysis, collected the clinical data, and
revised the manuscript; Szymanska S and Cielecka-Kuszyk J
collected and analyzed biopsy specimens; all the authors have
read and approved the final version to be published.
Supported by The Children’s Memorial Health Institute Internal
Grant S129/2013 (in part).
Institutional review board statement: The study was reviewed
and approved by the local Ethics Committee of the Children’s
Memorial Health Institute, Warsaw, Poland (nr 179/KBE/2014).
Conflict-of-interest statement: The authors declare that there
are no conflicts of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Jaroslaw Kierkus, Department of
Gastroenterology, Hepatology, Feeding Disorders and Pediatrics,
The Children’s Memorial Health Institute, Al. Dzieci Polskich 20,
04-730 Warsaw, Poland. j.kierkus@czd.pl
Telephone: +48-22-8157392
Fax: +48-22-8157392

WJG|www.wjgnet.com

Received: March 7, 2015
Peer-review started: March 11, 2015
First decision: April 20, 2015
Revised: May 14, 2015
Accepted: June 16, 2015
Article in press: June 16, 2015
Published online: October 7, 2015

Abstract
AIM: To verify the impact of induction therapy with
infliximab (IFX) on mucosal healing in children with
ulcerative colitis (UC).
METHODS: The study included all UC pediatric pa
tients treated with IFX at our center over the last
10 years. The data were collected from patients’
medical charts and analyzed retrospectively. A total
of 16 patients with UC underwent colonoscopy with
sample collection before and after three IFX injections.
Pediatric Ulcerative Colitis Activity Index (PUCAI)
was used to assess the clinical condition; endoscopic
features were classified according to the Baron scale;
and histological changes were evaluated according to
the protocol of The British Society of Gastroenterology
and Geboes Index. Clinical response was defined as
a ≥ 20-point reduction in PUCAI index, and clinical
remission as PUCAI index < 10 points. Endoscopic
mucosal remission was defined as completely normal
(score 0) on the Baron scale. Histological remission
was defined as grade 0 in the Geboes Index. To
assess correlation between variables, Spearman’s rank
correlation coefficient was used.
RESULTS: Clinical remission (PUCAI < 10) at week 8 was
achieved in 68.75% of investigated subjects. Endoscopic
mucosal remission at week 8 (Baron 0) was observed
in 12.5% of patients. Histological remission (Geboes 0)
after induction therapy with IFX was noticed in 18.75%
cases. A general histological improvement, expressed
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by normal surface and crypt architecture, number of
crypts, and lamina propria cellularity, was observed
in six (37.5%) patients; there was no improvement in
nine (56.25%) individuals, and worsening was observed
in one (3.75%) case. Changes were not related to
UC location. A reduction of inflammatory process was
observed in 10 (62.5%) patients; there were no changes
in four (25%) individuals, and the inflammation became
more severe in two (12.5 %) cases. Simultaneous
clinical, endoscopic and histological improvement of
parameters assessing disease activity at week 8 was
noticed in six (37.5%) patients. 55.5% of investigated
patients with normal mucosa seen on endoscopy showed
no inflammation on histology. A Baron score of 2 and 3
showed a good correlation with histology results (78.2%
of patients with a Geboes Index ≥ 3).
CONCLUSION: IFX has a positive histological effect
in more than one-third of UC patients. IFX reduces
intestinal inflammation and improves clinical condition.
Key words: Ulcerative colitis; Endoscopy; Histopathology;
Inflammation; Infliximab
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The impact of infliximab induction therapy on
histological healing in pediatric ulcerative colitis (UC)
patients is unknown. The present study demonstrates
that infliximab induction therapy had a positive
influence on histological changes expressed by normal
surface, crypt architecture, number of crypts, and
lamina propria cellularity in 37.5% of UC patients.
The treatment was effective in reducing intestinal
inflammation as assessed by the Geboes Index (62.5%
of patients). Furthermore, it was shown that there was
no significant correlation of histological healing with
endoscopic remission and clinical remission.
Wiernicka A, Szymanska S, Cielecka-Kuszyk J, Dadalski M,
Kierkus J. Histological healing after infliximab induction therapy
in children with ulcerative colitis. World J Gastroenterol 2015;
21(37): 10654-10661 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i37/10654.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i37.10654

INTRODUCTION
Ulcerative colitis (UC) is a chronic idiopathic disease
associated with inflammation in the gastrointestinal
tract. Traditionally, the goal of the treatment is to reduce
symptoms, mainly to induce and maintain clinical
remission. New guidelines recommend incorporation
of mucosal healing as the primary endpoint of all new
[1]
clinical trials in patients with UC . In UC (in which
lesions are usually limited to the mucosa), mucosal
healing should be the ultimate therapeutic goal.
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However, mucosal healing is not equal to histological
healing from the endoscopic point of view. Although
infliximab therapy can lead to endoscopically assessed
[2,3]
mucosal healing in UC patients , the evidence of
histological outcomes is sparse. A few studies have
focused on this subject in adults with UC, but to
the best of our knowledge, no data are available for
pediatric patients. The aim of this study was to assess
mucosal healing in children with UC after infliximab (IFX)
induction therapy, especially at the microscopic level.

MATERIALS AND METHODS
Study design

The data were collected from patients’ medical charts
and analyzed retrospectively. The study included
pediatric patients with UC treated with IFX at the
Children’s Memorial Health Institute in Warsaw,
Poland over the last 10 years. All the procedures were
reviewed and approved by the Independent Review
Board. The patients and their caregivers gave their
written informed consent before the start of any
procedure.
Only the subjects who received three infusions
of IFX and had colonoscopy with collected samples
before and after induction with IFX were enrolled.
Therefore, seven of 23 UC children treated with IFX
during the last 10 years in our center were excluded:
in two patients colonoscopy was not performed after
the induction therapy; in two patients an adverse
reaction occurred after the second infusion; and in
three patients IFX therapy was discontinued after the
second infusion due to lack of improvement (Figure 1).
Eventually, the study included 16 children (7 boys and
9 girls). Diagnosis of UC was established after clinical,
radiological, endoscopic, and histological examinations.
Patients had moderate to severe UC, either refractory
or intolerant to conventional therapy. Data about
treatment history (before IFX), concomitant therapies
at baseline, and biochemical parameters: hemoglobin,
hematocrit, platelet count, erythrocyte sedimentation
rate (ESR), and C-reactive protein (CRP) before and
after induction, were collected.

Clinical and endoscopic condition

Pediatric Ulcerative Colitis Activity Index (PUCAI)
index was used to assess the clinical condition of
[4]
the subjects . Clinical response was defined as a
≥ 20-point reduction in PUCAI index, and clinical
remission as PUCAI index < 10 points. Endoscopic
[5]
features were classified according to the Baron scale ,
and mucosal remission was defined as completely
normal (score 0). The disease location was classified
[6]
according to the Paris Classification .

Histological features

All patients underwent colonoscopy with sample
collection (≥ 5 samples) before and after the three IFX
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Consecutive UC pediatric
patients treated with IFX
(23)

Included to the main
analysis
(16)

Colonoscopy wasn't
performed
(2)

Adverse reaction after
second infusion of IFX
(2)

Failed IFX therapy

Urgent colectomy after
second infusion
(1)

Conversion to
adalimumab after
second infusion
(2)

Figure 1 Flow diagram of the study.

injections. Samples were taken from the worst area
of inflammation. All specimens were fixed in buffered
formaldehyde and embedded in paraffin blocks. Tissue
sections, 4 µm thick, were routinely stained with
hematoxylin and eosin (HE). Each biopsy specimen was
evaluated by two pathologists according to the protocol
[7]
of The British Society of Gastroenterology and Geboes
Index. One of the pathologists has a background in
gastrointestinal pathology. Each pathologist evaluated
the slices independently. All were blinded to clinical
and endoscopic information. For further comparison, in
each patient, we chose the samples with the greatest
disease activity and histological changes. Histological
features were identified and grouped into four main
categories: mucosal architecture, lamina propria cel
lularity, neutrophil polymorph infiltration, and epithelial
abnormality.
Mucosal architectural abnormality was indicated
by the following: a change in surface topography (flat,
irregular or villous), decreased crypt density, and crypt
architectural abnormalities (distortion, branching or
shortening). Assessment of the abnormal lamina propria
cellularity referred to an increase and altered distribution
of cell types, and the presence/absence of granulomas
and giant cells. The characteristics of UC overlap in the
numbers and distribution of neutrophil polymorphs
were assessed. Epithelial abnormality included mucin
depletion, surface epithelial damage, metaplastic
changes, surface intraepithelial lymphocytes, apoptosis,
and subepithelial collagen. In each case, the activity
of inflammation was additionally evaluated according
to Geboes Index, where minimal (grade 1) UC cor
responded to any increase in lymphoplasmacytic
inflammation in the lamina propria; mildly active (grade

WJG|www.wjgnet.com

2) UC to granulocytes (neutrophils or eosinophils)
confined to the lamina propria; moderately active
(grade 3) UC to neutrophils within the epithelium (crypt
or surface) without crypt abscesses; and severely
active (grade > 3) UC to crypt destruction, erosion or
ulceration. Histological remission was defined as grade
0 in the Geboes Index.

Statistical analysis

The frequency of findings was presented as numbers
and percentages. All statistical tests were performed
with Statistica 10 (StatSoft, Tulsa, OK, United States),
package. The Wilcoxon test was used to compare
2
quantitative variables and appropriate χ tests for
qualitative variables. To assess correlation between
variables Spearman’s rank correlation coefficient was
used. The threshold of statistical significance was set
at P < 0.05. The statistical methods of this study were
reviewed by Dr Maciej Dadalski form the Department
of Gastroenterology, Hepatology, Feeding Disorders
and Pediatrics, The Children’s Memorial Heath Institute,
Warsaw, Poland.

RESULTS
Clinical characteristics

IFX was administered intravenously at 5 mg/kg, as
an induction regimen at 0, 2 and 6 wk. The median
age at first dose was 13.2 ± 3.1 years (range: 8-17
years). The mean duration of the disease before IFX
therapy was 30.3 ± 40.2 mo (range: 1-139 mo). All
patients have been previously treated with steroids
and aminosalicylate (5-ASA); thiopurines were used
in 87.5% of investigated subjects. Eleven patients
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Table 1 Characteristics of clinical and biochemical parameters before and after induction therapy with infliximab
Parameter

Week 0

PUCAI score
Body weight (kg)
Body height (cm)
Hemoglobin (g/dL)
Hematocrit (%)
Platelet count (K/µL)
ESR (mm/h)
CRP (mg/dL)

mean

Median

49.1
46.5
157.3
9.9
35.8
441.1
33
2.6

50
44
163
9.8
31.5
427
36
2.8

P value

Week 8
Q1
35
43
151
8.3
29.2
327.5
18.5
0.4

Q3

mean

Median

Q1

Q3

65
56.6
168.5
11.3
35.8
558
45
4.1

16.3
50.4
158.2
11
33.9
384
19.8
0.3

10
53.3
163.5
11
34.9
375.5
12.5
0.2

10
42.7
152
10
30.1
290
7
0

20
60.5
170
12.2
37.2
440.5
22.5
0.4

< 0.05
< 0.05
NS
< 0.05
NS
NS
< 0.05
< 0.05

Q1: Lower quartile; Q3: Upper quartile; NS: Not significant.

Table 2 Characteristics of histological and endoscopic features
in ulcerative colitis patients before and after induction therapy
with infliximab
Parameter
Histopathological features
Grade > 3
Grade 3
Grade 2
Grade 1
Grade 0
Irregular surface
Abnormal crypt architecture
Reduced number of the crypts
Cryptitis
Epithelial changes
Mucin depletion
Increased intraepithelial lymphocytes
Baron scale, mean ± SD
Baron 0
Baron 1
Baron 2
Baron 3

Week 0

Week 8

4/16
10/16
2/16
0/16
0/16
12/16
9/16
10/16
11/16
8/16
6/16
3/16
2.5 ± 0.6325

1/16
8/16
2/16
2/16
3/16
6/16
8/16
7/16
6/16
6/16
6/16
5/16
1.5 ± 0.9661
(P = 0.0033)
2/16
7/16
4/16
3/16

0/16
1/16
6/6
9/16

did not respond to cyclosporine therapy before IFX.
All children received 5-ASA concomitantly with IFX;
additionally, 10/16 participants (62.5%) were given
steroids, and 13/16 (81.25%) thiopurines. Only one
child (6.25%) received cyclosporine concomitantly with
first IFX infusion. Four (25%) subjects had left-side UC
(E2), eight (50%) extensive UC (E3), and four (25%)
pancolitis (E4).

Clinical response

Clinical response, defined as a ≥ 20-point reduction
in PUCAI index, was observed in 14 of 16 (87.5%)
patients. Clinical remission, defined as PUCAI index <
10 points, was achieved in 11/16 cases (68.75%). A
significant decrease in the PUCAI score, ESR, and CRP
concentration was observed after therapy. Moreover,
a significant increase in body weight and hemoglobin
concentration was documented when compared to
baseline values (Table 1).

Mucosal healing

The mean Baron score at baseline (2.5) decreased
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significantly (P = 0.0033), down to 1.5, after IFX
therapy. Mucosal healing (reduction in Baron scale)
was observed in 11/16 (68.75%) patients. Endoscopic
remission defined as 0 in Baron scale was achieved in
two (12.5%) patients.
Histological remission defined as no inflammation
(Geboes Index 0) was observed in three (18.75%)
cases. General histological improvement, expressed
by normal surface, crypt architecture, number of
crypts, and lamina propria cellularity, was observed
in six (37.5%) patients; another nine (56.25%) sub
jects did not show improvement, and aggravation
was observed in one case (3.75%). The histological
changes were not related to UC location. A reduction
of the inflammatory process (reduction in Geboes
Index score) was observed in 10 (62.5%) patients; no
changes were documented in four (25%) cases, and
in two (12.5%) individuals, inflammation was more
severe. The exact histopathological characteristics of
the patients and endoscopic grading system in the
Baron scale are presented in Table 2.
Simultaneous clinical, endoscopic and histological
improvement was observed in six (37.5%) patients. Of
the specimens without acute inflammatory infiltrates
in the epithelium (Geboes Index < 3) 5/9 (55.5%) had
Baron score 0 or 1; of those with acute inflammation,
5/23 (21.7%) had a score of 1 or 2. A Baron score
of 2 and 3 showed a better correlation with histology
results [18/23 (78.2%) with Geboes Index ≥ 3],
but it was still statistically insignificant (Spearman’s
ρ, at week 0, P = 0.96, at week 8, P = 0.12). PUCAI
index did not show any correlation with Baron score
at week 0 and 8 (Spearman’s ρ, at week 0, P = 0.96,
at week 8, P = 0.51) PUCAI index and Geboes Index
also showed no statistically significant correlation with
Geboes Index (Spearman’s ρ, at week 0, P = 0.77 at
week 8, P = 0.79). Clinical, endoscopic and histological
parameters for each patient at week 0 and 8 are
presented in Table 3.

DISCUSSION
According to the American College of Gastroenterology
guidelines from 2004, the goals of UC treatment
should include inducing and maintaining the remission
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Table 3 Correlation between clinical, endoscopic and histological
parameters of disease activity
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Sex

M
F
M
F
M
F
M
M
M
F
F
F
F
M
F
F

Week 0
PUCAI

Baron
score

70
75
50
50
55
25
40
10
45
45
85
60
30
25
50
70

3
2
2
3
2
3
3
2
3
3
3
3
2
2
3
1

Week 8
Geboes PUCAI
score
>3
3
3
3
>3
2
>3
3
3
3
2
3
3
3
>3
3

15
25
< 10
< 10
< 10
< 10
0
65
0
< 10
< 10
< 10
< 10
< 10
35
30

Baron
score

Geboes
score

3
1
1
1
2
3
0
1
2
2
0
2
1
1
3
1

3
3
0
3
3
3
2
>3
1
2
0
3
0
3
3
1

M: Male; F: Female.

of symptoms and mucosal inflammation in order to
improve quality of life. In 2010 the recommendation
was modified, and reduction of the need for longterm corticosteroids and the minimization of cancer
[8]
risk were added as therapeutic objectives . Directing
treatment paradigms to achieve those targets seems
to be important, as reaching the goal may result in
smaller numbers of complications, hospitalizations and
[9,10]
surgical procedures
. A group of experts from the
European Crohn’s and Colitis Organization (ECCO) and
the European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN) do not recom
mend routine endoscopic assessment in pediatric UC
solely for assessing disease activity or response to
treatment. Due to the lack of evidence that endoscopic
confirmation of mucosal healing is significantly superior
to clinical evaluation of remission, endoscopy is only
recommended at diagnosis, before major treatment
changes, when clinical assessment is the question,
and for diagnosing complications (e.g., stenosis and
[11]
dysplasia) and super-infections . Only the PUCAI
score is advisable as a noninvasive primary outcome
measure, both in clinical practice and in trials. In fact,
histological healing is not recommended as a primary
endpoint for therapeutic trials in adults or children with
UC. However, a growing body of evidence suggests
that the optimal target in UC therapy should be the
complete regression of the inflammatory process,
[12]
which is reached only when confirmed histologically .
Possibly, in new therapeutic approaches, achieving
mucosal healing also from the histological point of view
[13]
might add further value to future trials .
Importantly, there is no validated scoring system
for the evaluation of disease activity. A histological
assessment of inflammation in UC basically includes
acute inflammatory cell infiltrates (polymorphonuclear
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cells in the lamina propria), crypt abscesses, mucin
depletion, surface epithelial integrity, chronic inflam
matory cell infiltrates (lympho-plasmocytes in the
[7]
lamina propria), and crypt architectural irregularities .
In general, histological healing is either the absence of a
residual mucosal inflammation with distinctive changes
of crypt architectural distortion and/or atrophy, or
[14]
entirely normal mucosa .
Since it is recommended to focus on the impact
of drugs and biological therapies on mucosal healing,
many studies addressed this problem, but mainly at
[15-19]
the endoscopic level
. It is commonly known that
the presence of mucosal healing from the endoscopic
point of view does not necessarily indicate its presence
[20]
at the microscopic level . In our study, the results
of mucosal healing assessed endoscopically after
three infusions of IFX differed from those evaluated
histologically: we obtained worse results on microscopic
evaluation. Histological improvement, expressed by
normal surface, crypt architecture, number of crypts,
and lamina propria cellularity, was observed only
in six (37.5%) patients, and no improvement was
documented in most remaining cases (9/16, 56.25%).
Furthermore, aggravation was observed in one patient
(3.75%). Histological evaluation revealed no statisti
cally significant changes in response to the induction
treatment.
As far as histological healing is concerned, not
many studies assessing the effect of drugs used in
UC therapy are available. There have been many
trials evaluating histological healing in adults treated
[21-24]
[25-29]
with corticosteroids
, salicylates
and immuno
[30,31]
modulators
, but only a few of them included
adult patients with UC treated with a biological agent.
Moreover, the problem in question has not been
addressed in pediatric UC patients thus fur. In 2001,
[32]
Bitton et al
were the first to report on clinical,
biological and histological parameters that would predict
time to clinical relapse. The basal plasmocytosis and
rectal biopsy were the only factors that turned out
to be significant predictors. Therefore, the authors
concluded that these factors may help identify patients
with inactive UC who require optimal maintenance
[32]
therapy .
[33]
Hassan et al
studied the influence of IFX on
histological changes. They investigated the immuno
histological effect of infliximab in nine patients with
moderate to severe UC. The patients received infliximab
(5 mg/kg) at weeks 0, 2 and 6. Colonic biopsies were
collected before therapy and at week 10. A scoring
system that included polymorphonuclear infiltration of
the epithelium and lamina propria, crypt abscesses,
loss of glandular parallelism, crypt shortening and/or
ramification, mucus epithelial depletion, involvement of
muscularis mucosae and/or submucosa was used in this
study. The total number of neutrophils, lymphocytes,
and plasma cells in the lamina propria was counted in
five high-power fields. At week 10, histological score
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decreased significantly only in responders (67% of
patients), and normal architecture was observed only
in 33% of these subjects. Histological improvement
was mainly manifested by virtual disappearance of
[33]
neutrophils . In our study, similar to the Hassan et
[33]
al
trial, histological improvement, expressed by
normal surface, crypt architecture, number of crypts,
and lamina propria cellularity, was observed in 37.5% of
patients. Moreover, a reduction of inflammatory process
[34]
was observed in most patients (62.5%). Fratila et al
evaluated intracellular changes of the colonic mucosa
in seven adult patients with UC refractory to standard
treatment, before and 4 wk after initial infusion of IFX
[34]
(5 mg/kg body weight) . Severe alterations of the
epithelium, such as microvilli depletion, shattering of
epithelial junctions, cytoplasmic vacuolization, dilatation
of the endoplasmic reticulum, pyknotic nuclei, and
altered structure of mitochondria and Golgi complexes,
were present before therapy. Rarefaction of the goblet
cells with abnormal mucus formation and secretion was
also noted. The chorion showed structural alteration
of component cells, obstructed capillaries, erythrocyte
extravasation and many plasmocytes and neutrophils.
Improvement in morphology and function of the
epithelial organelles, rich mucus secretion, and recovery
of the chorionic components was observed after IFX
[34]
therapy .
Correlation between clinical, endoscopy and his
tological assessment of disease activity has not been
[35]
investigated thoroughly. Brahmania et al
examined
the relationship between physician global assessment,
laboratory blood tests (complete blood count, ferritin,
CRP and albumin) and endoscopic findings in UC
in adult patients to determine whether they could
be adequate surrogates for endoscopy. After the
analysis, they concluded that neither blood tests nor
physician global assessment could replace endoscopy
for assessing mucosal healing. However, post hoc
analysis of data collected from 51 children with
moderate-to-severe UC treated with IFX conducted by
[36]
Turner et al
showed that PUCAI-defined remission
had a high degree of concordance with complete
mucosal healing (endoscopically assessed) at week
8 (33% of patients were in remission according to
the PUCAI vs 31% with mucosal healing). In our
study of patients with clinical remission (PUCAI <
10), endoscopically defined remission was noticed in
18.18% and histological defined remission in 27.27%.
Among patients with clinical remission, histological
parameters were distributed over almost all different
grades: (Grade 3 - 45.45%; Grade 2 - 18.18%; Grade
1 - 9.09%; Grade 0 - 27.27%). Similar to the study
[37]
conducted by Li et al , in our research, a relatively
high percentage of patients (78.2%) with a Baron
score of 2 and 3 had a Geboes Index ≥ 3 (correlation
statistically insignificant). Furthermore, more than
half of investigated patients with normal mucosa seen
on endoscopy showed no inflammation on histology.
Correlation between endoscopic and histological score
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assessment has been investigated by Lemmens et
[38]
al ; 263 specimens from 131 patients with UC were
scored using the Geboes and Riley histological scoring
systems. Endoscopic scoring had been performed using
the Mayo endoscopic subscore. Authors have noticed
that both extremes of the histologic and endoscopic
activity scores neatly correlate, but important misclassifications exist for mild disease.
Potential limitations of our study included the retro
spective character of data analysis and the relatively
small size of the sample. Only 16 of 23 consecutive
UC pediatric patients treated with IFX were included in
our analysis. The aim of this study was to analyze the
influence of IFX induction therapy on mucosal healing at
the microscopic level, and to compare the results with
those assessed endoscopically. Histological remission
was achieved only in 18.75% of investigated patients.
Clinical remission, achieved by 68.75%, appears to
be an unsatisfactory target for treatment of UC, since
the disease could still be active at the histological level.
These results provide the baseline for further analyses,
especially the assessment of maintenance IFX the
rapy and the impact of mucosal healing on long-term
remission and colectomy rate.
In conclusion, induction therapy with IFX had a
positive influence on histological changes in 37.5% of
UC patients. The treatment was effective in reducing
intestinal inflammation (62.5% of the patients) and
improving the clinical condition of children (87.5%).
There was no significant correlation between Baron
score, PUCAI index and Geboes Index. The impact of
the histological healing after induction on the longterm clinical remission remains an area for further
investigation.
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is to reduce symptoms, mainly to induce and maintain clinical remission. In UC,
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the ultimate therapeutic goal.
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The aim of this study was to assess mucosal healing in children with UC after
infliximab (IFX) induction therapy, especially at the microscopic level. There
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three infusions of IFX differed from those evaluated histologically: the authors
obtained worse results on microscopic evaluation. Histological improvement,
expressed by normal surface, crypt architecture, number of crypts, and
lamina propria cellularity, was observed only in six (37.5%) patients, and
no improvement was documented in most remaining cases (9/16, 56.25%).
Furthermore, aggravation was observed in one patient (3.75%). Clinical
remission, achieved by 68.75%, appears to be an unsatisfactory target for
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The results showed no statistically significant correlation between Baron score,
Pediatric Ulcerative Colitis Activity Index (PUCAI) index and Geboes Index.

Applications

The study results suggest that induction therapy with IFX has a positive
influence on histological changes in more than one-third of UC patients. The
treatment was effective in reducing intestinal inflammation (62.5% of patients)
and improving the clinical condition of children (87.5%). These results provide
the baseline for further analyses, especially assessment of maintenance
IFX therapy and the impact of mucosal healing on long-term remission and
colectomy rate in UC pediatric patients.
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Abstract
AIM: To investigate the plasma levels of betatrophin in
patients with cirrhosis.
METHODS: Forty patients diagnosed at the clinic
with liver cirrhosis according to biological, ultra
sonographic, or histological criteria were included.
The severity of cirrhosis was classified according to
Pugh’s modification of Child’s classification and MELD
score. Insulin resistance (IR) was assessed by the
Homeostasis Model Assessment. A total of 20 patients
showed a MELD score higher than 14. The control
group consisted in 15 sex-and aged-matched subjects.
Fasting blood samples were obtained for subsequent
analysis. Serum insulin was determined by Liaison
automated immune chemiluminiscence assay (DiaSorin
S.p.A.) using a sandwich assay. The sensitivity of
the assay was 0.2 μU/mL. The intra and interassay
v a r ia t io n c o e f f ic ie n t s w e r e < 4 % a n d < 1 0 % ,
respectively. The normal values were between 2 and
17 μU/mL. Human active betatrophin was analyzed
by specific quantitative sandwich ELISA (Aviscera
Bioscience®). The sensitivity of the assay was 0.4 ng/
mL, and the intra and interassay reproducibility were
< 6% and < 10%, respectively.
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RESULTS: Plasma betatrophin levels were significantly
increased in patients with cirrhosis compared with those
in healthy subjects (P = 0.0001). Betatrophin levels
were also associated with disease severity, being higher
in Child-Pugh C patients compared to Child-Pugh B (P
< 0.0005) and in patients who displayed a MELD score
higher than 14 points compared to patients with lower
punctuation (P = 0.01). In addition, we found a positive
correlation between plasma betatrophin levels and the
severity of cirrhosis according to Child-Pugh classification
(r = 0.53; P < 0.01) or MELD score (r = 0.45; P <
0.01). In the overall cohort, a moderate correlation
between serum betatrophin and plasmatic bilirrubin (r
= 0.39; P < 0.01) has been observed, as well as an
inverse correlation between betatrophin and albumin
(r = -0.41; P < 0.01) or prothrombin time (r = -0.44;
P <0.01). Moreover, insulin resistance was observed in
82.5% of the cirrhotic patients. In this group of patients,
betatrophin levels were significantly higher than those in
the group of patients without IR (P < 0.05).
CONCLUSION: Plasma betatrophin is increased in
patients with cirrhosis. This increase is related to the
severity of cirrhosis, as well as with the emergence of
insulin resistance.
Key words: Liver cirrhosis; Betatrophin; Insulin resistance;
Betatrophin liver; Betatrophin insulin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently, Douglas A. Melton’s group from
Harvard University reported the identification of beta
trophin, a circulating protein secreted from the liver
under insulin resistant states. Insulin resistance is
common in patients with cirrhosis. In our study we
confirm that betatrophin is increased in patients with
liver cirrhosis, and the increase in plasma betatrophin
levels is related to the severity of cirrhosis, and the
emergence of insulin resistance. These preliminary
results show that betatrophin may contribute to
counteract, at least in part, insulin resistance in pati
ents with cirrhosis.
Arias-Loste MT, García-Unzueta MT, Llerena S, Iruzubieta P,
Puente A, Cabezas J, Alonso C, Cuadrado A, Amado JA, Crespo
J, Fábrega E. Plasma betatrophin levels in patients with liver
cirrhosis. World J Gastroenterol 2015; 21(37): 10662-10668
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i37/10662.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i37.10662

INTRODUCTION
The liver plays a key role in glucose homeostasis, and
chronic liver disease leads to chronic disturbances in
glucose metabolism. Insulin resistance (IR) is defined
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as a condition in which a higher insulin concentration
is needed to achieve normal glucose metabolism; or
when a normal insulin concentration fails to achieve
[1-3]
normal glucose metabolism
. It is common in
patients with cirrhosis, and in the 1960s, Megyesi et
[4]
al found that 57% of cirrhotic patients showed IR.
[5-12]
Later, several studies in the 1980s and 1990s
,
used either an oral glucose load or the euglycemic[13]
hyperinsulinemic clamp , to corroborate that IR
is common and holds specific features in cirrhosis,
irrespective of etiology. In fact, this process is
observed in patients with cirrhosis even before the
disturbance of glucose tolerance becomes prominent.
In most situations of IR, β-cells compensate for this
hormonal resistance for long periods of time by an
[14]
increase in secretory capacity and in β-cell mass .
Recently, Douglas A. Melton’s group from Harvard
University reported the identification of betatrophin
as a circulating protein secreted from the liver under
insulin resistant states. It is sufficient to dramatically
and specifically increase the replication of β-cells in
mice, resulting in an increased functional β-cell mass
[15]
over time, with improvements in glucose tolerance .
In this regard, there has been increase interest in
whether betatrophin is involved in the compensatory
[14]
response to IR . At present, the role of betatrophin
in cirrhosis is unknown. The aim of this study was to
investigate the plasma levels of betatrophin in cirrhosis
and its relationship with the severity of the disease and
IR.

MATERIALS AND METHODS
Study subjects

Our study included 40 patients with liver cirrhosis.
All patients were diagnosed with cirrhosis at the
clinic, based on biological, ultrasonographic, or
histological criteria. In all, 38 patients were men
and 2 were women. Their ages ranged from 37 to
76 years (mean 56 years). The severity of cirrhosis
was classified according to Pugh’s modification of
[16,17]
Child’s classification and MELD score
. IR was
[18]
assessed by the Homeostasis Model Assessment .
There were 27 patients in Child-Pugh’s class B, and
13 in Child-Pugh’s class C. A total of 20 patients
showed a MELD score higher than 14. Patients with
bacterial infection and or those who had GI bleeding,
or taken vasoactive drugs within 14 d before the
study were excluded. None of these patients were
pregnant, had renal disease, or had specific medical
diagnoses (e.g., type 2 diabetes mellitus, type 1
diabetes mellitus, hypothyroidism, Cushing’s disease,
or polycystic ovary syndrome). Patients who had
undergone previous surgery for portal hypertension
were also excluded. No patients received medications
known to affect body composition or lipid or glucose
metabolism (e.g., the use of thyroid medication,
thiazolidinediones, or metformin).
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Table 1 Clinical characteristics and laboratory data of the three groups of subjects

No. of subjects
Sex (male/female)
Age (yr)
Etiology of cirrhosis (alcohol/viral)
Insulin resistance (yes/no)
Serum albumin (g/L)
Serum bilirubin (mg/dL)
Prothrombin time (%)
Serum creatinine (mg/dL)

Healthy

Cirrhosis

Cirrhosis

Subjects

Child-Pugh's B

Child-Pugh's C

15
14/1
55 (30-74)

27
25/2
57 (37-76)
19/8
20/7
30 (22-39)
1.8 (0.4-3.2)
62 (37-94)
0.8 (0.4-1.4)

0/15
46 (43-49)
0.7 (0.5-1.1)
97 (88-110)
0.8 (0.5-1.3)

13
13/0
53 (44-60)
10/3
13/0
23 (20-29)
5.8 (2.3-13.7)
46 (35-68)
0.7 (0.5-1.3)

P value
NS
NS
NS
NS
< 0.05
< 0.0001
< 0.0001
< 0.0001
NS

NS: Non-significant.

The control group consisted in 15 sex-and agedmatched subjects. The study was performed in
accordance with the principles of the Declaration of
Helsinki and its appendices and with local and national
laws. Approval was obtained from the hospital’s
Internal Review Board and Ethics Committee, and by
written informed consent from all patients.

Analytical procedures

On the day of the study, after 12-h of overnight fasting,
an antecubital vein was catheterized. Then, 45 min
later, blood samples were taken to measure plasma
levels of glucose, and serum insulin concentration.
Plasma sodium, potassium, albumin, bilirubin, creatinine
concentration, international normalized ratio, and
prothrombin time were measured in each patient. In
addition, samples for the analysis of betatrophin levels
were isolated after centrifugation at 2400 g for 5 min.
The samples were stored at -80 ℃ until analysis.
Serum insulin was determined by Liaison auto
mated immune chemiluminiscence assay (DiaSorin
S.p.A., Vercelly, Italy) using two specific monoclonal
antibodies (sandwich assay). The sensitivity of the
assay was 0.2 μU/mL. The intra and interassay
variation coefficients were < 4% and < 10%,
respectively. The normal values were between 2 and
17 μU/mL. Human active betatrophin was analyzed
by specific quantitative sandwich ELISA (Aviscera
Bioscience® AB, Santa Clara, CA, United States). The
sensitivity of the assay was 0.4 ng/mL, and the intra
and interassay reproducibility were < 6% and < 10%,
respectively. These assays do not show significant
cross-reactivity with other related hormones.

Statistical analysis

The data are presented as median and range for
continuous variables and as count and percentage
for categorical variables. Data distribution was non
parametric, as determined by the Shapiro-Wilk test.
Quantitative variables were compared by means
of Kruskal- Wallis test. Then, if the test identified a
statistically significantly difference in the variable
between groups, the Mann- Whitney U probability
test was used to compare the different groups. The
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Bonferroni adjustment was performed according to
2
the number of comparisons carried out. χ analysis or
Fisher’s exact test was used to compare categorical
data. Spearman’s correlation test was used to
investigate possible associations between variables.
In all analyses, a two-side P value of < 0.05 was con
sidered statistically significant

RESULTS
Table 1 shows the clinical and laboratory characteristics
of the three groups of subjects studied. The beta
trophin levels were significantly higher in patients with
cirrhosis than in healthy subjects (113 ng/mL, range
3-400 ng/mL vs 3.5 ng/mL, range 3-5.1 ng/mL, P <
0.0001). According to Child-Pugh classification, the
betatrophin levels in Child-Pugh class B patients (81
ng/mL, range 3-300 ng/mL) were significantly lower
than those in class C patients (117 ng/mL; range
27-400 ng/mL; P < 0.0005). Figure 1 shows the
individual plasma betatrophin levels in the three groups
of patients studied. In addition, the cirrhotic patients
with a MELD score higher than 14 showed significantly
higher betatrophin levels than the patients with a
lower MELD score (152 ng/mL; range 3-400 ng/mL vs
71 ng/mL; range 3-196 ng/mL, P < 0.01). Moreover,
IR was observed in 82.5% of the cirrhotic patients and
a significant association between the coexistence of
this condition and liver function measured according
to Child-Pugh’s classification was observed (10 points;
range 7-14 vs 8 points; range 7-8, P = 0.001). In
these groups of patients, the betatrophin levels were
significantly higher than in the group of patients
without IR (128 ng/mL; range 6-400 ng/mL vs 38
ng/mL; range 3-170 ng/mL, P < 0.05). In addition, we
found a moderate positive correlation between plasma
betatrophin levels and severity of cirrhosis according
Child-Pugh (r = 0.53; P < 0.01) or MELD score (r =
0.45; P < 0.01) (Figure 2). In the whole population of
cirrhotic patients, the circulating levels of betatrophin
weakly correlated with bilirubin levels (r = 0.39; P <
0.01), and showed a weak negative correlation with
prothrombin time (r = -0.44; P < 0.01) and albumin
serum levels (r = -0.41; P < 0.01).
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7

Insulin resistance may play a role in the earlier stages
of progression of chronic liver disease, as has already
been suggested in patients with nonalcoholic fatty liver
[19]
disease . There is evidence that insulin stimulates
the proliferation of hepatic stellate cells (HSCs) and
affects the endothelial synthesis of nitric oxide and
endothelin mediated by activated HSCs, which play
[20-24]
key roles in the pathogenesis of hepatic fibrosis
.
Hence, insulin can contribute to liver fibrosis and
the deterioration of hepatic function by modulating
the production and deposition of extracellular matrix
[22,23]
and the regulation of vascular structure
. The
present study confirms that IR is a very frequent
phenomenon in patients with cirrhosis. These findings
are in agreement with previous reports of IR in liver
[4-13]
cirrhosis
, even though our cohort included patients
with more severe liver disease. Specifically, IR was
found in 82% of our patients. Several mechanisms
have been proposed to account for the IR in cirrhosis,
including the desensitization and down regulation of
insulin receptors (downstream of the receptor in the
[25-27]
insulin signaling cascade)
, insufficient hepatic
insulin clearance due to reduced hepatocellular
function, porto-systemic shunting of insulin from the
splanchnic circulation to systemic circulation, and
insufficient enhanced insulin secretion by pancreatic
[8,28-31]
.
β-cells to maintain a normal glucose tolerance
In fact, at the early stages of liver cirrhosis, patients
do not lack insulin secretion or synthesis, and the
pancreatic β-cells can secrete enough insulin to
compensate for the IR. With the development of
advanced liver cirrhosis, eventually, the pancreatic
β-cells cannot continue to increase the secretion of
insulin to compensate for the IR. This manifests as
relatively insufficient insulin secretion and impaired
glucose tolerance. Furthermore, hyperinsulinemia
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Figure 2 Correlations between betatrophin and severity of cirrhosis
according Child-Pugh or MELD score.

in these cirrhotic patients is also potentiated by the
increase in counter-insulin hormones (e.g., glucagon,
growth hormone, and insulin-like growth factor, free
[7,8,32]
fatty acids, and cytokines)
. However, whether
the hyperinsulinaemia in cirrhosis is a consequence
of increased pancreatic insulin secretion, decreased
hepatic insulin removal, or impaired feedback
regulation of insulin secretion is still doubtful. In
[33]
a recent study conducted by Greco et al , it was
suggested that hyperinsulinemia, at least in ChildPugh class B cirrhotic patients, is the consequence of
increased β-cell sensitivity to glucose, whereas hepatic
insulin extraction does not seem to play a significant
role in this condition. The authors postulate that in
euglycemic cirrhosis with advancement of liver disease,
there is a compensatory increase in pancreatic β-cell
[34]
insulin secretion to overcome the IR . The factors
contributing to β-cell hyperplasia in insulin-resistant
states remain poorly understood, although there
has been evidence that there is a circulating factor
contributing to the increase secretory capacity, β-cell
[35,36]
mass, or both, in insulin-resistant states
.
Betatrophin, a novel secreted protein, can promote
β-cell proliferation in mouse models of IR and improve
[15]
glucose tolerance or metabolic control . To better
understand the roles of betatrophin in human disease,
there has been a surge in interest in examining cir
[37-42]
culating betatrophin levels in patients
. These
studies show that betatrophin levels are altered in
various physiologic conditions, such as the postprandial
[38]
state , and pathological conditions, such as type
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[37-39,41,42]

[40]

2 diabetes
and, type 1 diabetes , and
[39,41]
[15]
were associated with indexes of IR
. Yi et al
showed that the liver expressed the highest levels of
betatrophin in humans. To the best of our knowledge,
this is the first study to investigate the changes
in betatrophin levels in cirrhosis. In our study, we
observed that betatrophin circulates in normal human
plasma. These findings are in agreement with previous
reports of betatrophin measurements in adult healthy
[37-42]
subjects
. Moreover, this study demonstrates, for
the first time, that the plasma levels of betatrophin
are increased in patients with liver cirrhosis compared
to those of controls. These increases were also more
pronounced in patients with advanced liver disease,
particularly Child-Pugh class C or those with a MELD
score greater than 14. Furthermore, it is interesting to
note that betatrophin levels were significantly higher
in patients with IR. The fact that these patients with
IR had high levels of betatrophin may be interpreted
as an acquired insensitivity to the effects of insulin, as
occurs with betatrophin in other circumstances of IR,
[37-39,41,42]
such as type 2 diabetes mellitus
.
The causes of high plasma levels of betatrophin
in cirrhotic patients were not specifically investigated
in this study. The findings of a positive correlation
between plasma betatrophin levels and severity of
cirrhosis according to Child-Pugh or MELD score,
an inverse relationship between betatrophin and
protrombin time, or albumin levels, and a positive
correlation between betatrophin and bilirubin levels
may suggest that an impaired clearance of betatrophin
could contribute to increased plasma betatrophin
levels. However, this hypothesis is unlikely, because
betatrophin is cleared from circulation by proteolytic
[43]
regulation in vivo . Because induced IR is a known
potent stimulator of betatrophin expression in liver
[15,44]
and fat tissue
, it is possible, that the increased
betatrophin concentrations in cirrhotic patients could
[39]
be explained by IR . However, it is not clear whether
increased betatrophin expression is a compensatory
response or only a marker of IR.
The present study is limited because we cannot
determine a causal relationship between betatrophin
and IR, and only an association between both variables
can be inferred.
In summary, the present study demonstrates that
circulating betatrophin is increased in patients with
liver cirrhosis. The increase in plasma betatrophin
levels is related to the severity of cirrhosis, and the
emergence of IR. Thus, these preliminary results show
that betatrophin may contribute to counteract, at least
in part, IR in patients with cirrhosis. More studies are
needed to confirm this possibility.

Betatrophin, a circulating protein secreted from the liver under insulin resistant
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Research frontiers

Since insulin resistance is a common feature in patients with liver cirrhosis,
unraveling the pathophysiological mechanisms underlying this condition is of
great interest, and in this sense, the role of betatrophin in the setting of liver
cirrhosis has not been previously addressed.

Innovations and breakthroughs

For the first time, the present study described an association between increased
levels of plasmatic betatrophin and cirrhosis, with increasing levels according to
disease severity. Moreover, in cirrhotic patients who display insulin resistance,
betatrophin is significantly increased.

Applications

The results of this study may be of interest in the study of the different
mechanisms that attempt to counteract insulin resistance in patients with
cirrhosis

Peer-review

Maria Teresa and her colleagues highlighted the important relation between
Betatrophin and cirrhosis. This study is so important, especially because many
scientists and clinicians world wide want/ would like to support MELD score
with supportive lab such Na and proteins such as Betatrophin prior to Liver
Transplantation, or even in follow patients up. The study is normal extension
of Melton DA novel work about Betatrophin, however this extension is vitally
important, additionally it will open/support the future publication competition
related- cirrhosis and circulating harming proteins.
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AIM: To determine changes in the antibiotic resistance
of Helicobacter pylori (H. pylori ) in southern Taiwan
after failure of first-line standard triple therapy.
METHODS: We analyzed 137 H. pylori -infected isolates
from patients who experienced eradication failure
after standard first-line triple therapy from January
2010 to December 2014. The H. pylori strains were
tested for susceptibility to amoxicillin, clarithromycin,
levofloxacin, metronidazole and tetracycline using the
E-test method. The minimal inhibitory concentration
(MIC) was determined by the agar dilution test.

10669

October 7, 2015|Volume 21|Issue 37|

Wu IT et al . Sequential changes in secondary antibiotic resistance of H. pylori

MIC values of ≥ 0.5, ≥ 1, ≥ 1, ≥ 4 and ≥ 8 mg/L
were considered to be the resistance breakpoints for
amoxicillin, clarithromycin, levofloxacin, tetracycline
and metronidazole, respectively.
RESULTS: A high resistance rate was found for clari
thromycin (65%-75%) and metronidazole (30%-40%)
among patients who failed first-line standard therapy.
The resistance levels to amoxicillin and tetracycline
remained very low; however, levofloxacin resistance
was as high as 37.5% in 2010 but did not increase any
further during the past 5 years. The rates of resistance
to these antibiotics did not show a statistically sig
nificant upward or downward trend.
CONCLUSION: Antibiotic resistance of H. pylori
remains a problem for the effective eradication of this
pathogen and its associated diseases in Taiwan. High
clarithromycin resistance indicated that this antibiotic
should not be prescribed as a second-line H. pylori
eradication therapy. Moreover, levofloxacin-based
second-line therapy should be used cautiously, and the
local resistance rates should be carefully monitored.
Key words: Helicobacter pylori ; Antibiotic resistance;
Five-year sequential changes; Failed first-line therapy;
Southern Taiwan
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Antibiotic resistance of Helicobacter pylori
(H. pylori ) is one of the major causes of eradication
therapy failure. This study was designed to assess the
5-year sequential changes in antibiotic resistance of
H. pylori in southern Taiwan after the failure of firstline standard triple therapy. The rates of resistance
to antibiotics did not show a statistically significant
upward or downward trend. Antibiotic resistance of
H. pylori has remained a problem in the effective
eradication of this type of bacteria in Taiwan. High
clarithromycin resistance indicated that this antibiotic
should not be prescribed as a second-line therapy for
H. pylori eradication. Therefore, levofloxacin-based
second-line therapy should be used cautiously, and the
local resistance rates should be carefully monitored.
Wu IT, Chuah SK, Lee CH, Liang CM, Lu LS, Kuo YH, Yen
YH, Hu ML, Chou YP, Yang SC, Kuo CM, Kuo CH, Chien CC,
Chiang YS, Chiou SS, Hu TH, Tai WC. Five-year sequential
changes in secondary antibiotic resistance of Helicobacter pylori
in Taiwan. World J Gastroenterol 2015; 21(37): 10669-10674
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i37/10669.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i37.10669

INTRODUCTION
The prevalence of antibiotic resistance of Helicobacter
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pylori (H. pylori) varies among countries and may be
partly determined by geographical factors. H. pylori
infects approximately 50% of the global population;
its prevalence is approximately 70% in developing
nations and approximately 20%-30% in industrialized
[1]
nations . In Taiwan, the mean seroprevalence rate is
[2]
approximately 54.5% . The eradication of H. pylori is
an important issue in the field of preventive medicine.
The Maastricht IV/Florence-Consensus Report has
recommended that the standard triple therapy should
now be avoided in areas where clarithromycin (CAM)
[3]
resistance is high (> 15%) . Over time, the reported
local primary resistance rate to CAM in Taiwan
[4,5]
has ranged from 6%-18% . In fact, the primary
resistance rate to CAM was reported to be as high as
22.7% in patients who lived in rural areas in eastern
[6]
Taiwan . If the resistance rates continue to rise, the
use of first-line H. pylori eradication with standard
triple therapy, which consists of a proton pump
inhibitor (PPI), clarithromycin and amoxicillin, might
[7]
lead to a poor outcome (< 80%) . Ten years ago, Hsu
[8]
et al reported a > 90% eradication rate of H. pylori
with the use of first-line standard triple therapy for 7 d
in Taiwan.
When first-line therapy fails, the Maastricht IV
Consensus Report recommends that bismuth-containing
[3]
quadruple therapy be a choice for second-line therapy .
However, in areas where bismuth is not available, a
levofloxacin-containing triple therapy is recommended in
areas of both high and low CAM resistance. Unfortunately,
growing primary resistance to levofloxacin has been
reported worldwide, including in the reports from
[9]
1998-2007 in Taiwan . Due to the rapid development of
quinolone resistance, the issue of empirical second-line
quinolone-based therapy should be further examined.
Clearly, antibiotic resistance determines the success of
eradication. Our study aimed to investigate the 5-year
sequential changes in antibiotic susceptibility of H. pylori
among patients who failed first-line therapy in southern
Taiwan.

MATERIALS AND METHODS
Patients

A retrospective study was conducted on H. pyloriinfected patients who had failed standard first-line
triple therapy (PPI twice daily, 500 mg clarithromycin
twice daily, and 1 g amoxicillin twice daily for 7
d) between January 2010 and December 2014 at
outpatient clinics at Kaohsiung Chang Gung Memorial
Hospital, Taiwan. H. pylori eradication failure was
13
defined as a positive C-UBT or any two positive rapid
urease tests, as well as positive histology and culture
after treatment with first-line eradication therapy.
However, we only recruited those patients with positive
H. pylori cultures. Among them, a total of 137 H. pylori
isolates were obtained from gastric biopsy specimens
of patients. All isolates from patients who had been
previously treated for H. pylori infection or who had
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Table 1 The trend of annual antibiotic resistance rates in the
treatment of Helicobacter pylori
Patient
number
Amoxicillin

Clarithromycin

Levofloxacin

Metronidazole

Tetracycline

2010
2011
2012
2013
2014
2010
2011
2012
2013
2014
2010
2011
2012
2013
2014
2010
2011
2012
2013
2014
2010
2011
2012
2013
2014

0/24
0/32
0/20
0/20
0/41
17/24
21/32
13/20
15/20
29/41
9/24
11/32
6/20
7/20
11/41
9/24
8/32
6/20
6/20
18/41
0/24
0/32
2/20
0/20
1/41

Proportion
(95%CI) (%)

100%

P value
2
(χ test for

90%

linear trend)

70%

-

60%

0 (-)
0 (-)
0 (-)
0 (-)
0 (-)
70.8 (51.2-90.4)
65.6 (48.2-83.0)
65.0 (42.1-87.9)
75.0 (54.2-95.8)
70.7 (57.9-85.3)
37.5 (16.6-58.4)
34.4 (17.0-51.8)
30.0 (8.0-52.0)
35.0 (12.1-57.9)
26.8 (7.9-41.0)
37.5 (16.6-58.4)
25.0 (9.1-40.9)
30.0 (8.0-52.0)
30.0 (8.0-52.0)
43.9 (23.3-59.8)
0 (-)
0 (-)
10.0 (0-24.4)
0 (-)
2.4 (0-7.4)

80%

50%
40%
30%
20%

0.736

10%
0%

2010

2011

2012

2013

2014

t/year
0.391

Figure 1 The trend of annual antibiotic resistance rates in the treatment
of Helicobacter pylori. Values located above 15% (horizontal line) indicated
the intention-to-treat cure rate categories below C (fair, 85%-89%)[39].

0.312

0.556

been exposed to any antibiotics according to our
hospital’s chart recoding were excluded.

Culture and antimicrobial susceptibility testing

One biopsy specimen from the antrum and one from
the corpus were obtained for H. pylori isolation using
[10,11]
previously described culture methods
. The biopsy
specimens were cultured on plates that contained
Brucella chocolate agar with 7% sheep blood and were
incubated for 4-5 d under micro-aerobic conditions.
The minimal inhibitory concentration (MIC) was
determined by the agar dilution test. The H. pylori
strains were tested for susceptibility to amoxicillin
(AMX), CAM, levofloxacin (LEV), metronidazole (MET)
and tetracycline (TET) using the E-test method (AB
BIODISK, Solna, Sweden). H. pylori strains had MIC
values of ≥ 0.5, ≥ 1, ≥ 1, ≥ 4 and ≥ 8 mg/L, which
were considered to be the resistance breakpoints for
AMX, CAM, LEV, TET and MET, respectively.

Statistical analysis
2

A χ test for linear trends was used to assess the trend
of antibiotic resistance over time from 2010-2014. A P
value < 0.05 was considered statistically significant.

RESULTS
All isolates from 137 H. pylori-infected patients who
failed first-line therapy were cultured for H. pylori and
demonstrated a positive result. The resistance rates

WJG|www.wjgnet.com

Clarithromycin
Amoxicillin
Metronidazole
Levofloxacin
Tetracycline

to AMX, CAM, LEV, TET and MET were 0%, 70.8%,
37.5%, 0% and 37.5%, respectively, in 2010, 25%,
65.8%, 0%, 34.4%, and 0%, respectively, in 2011
and 30%, 65%, 10%, 30%, and 0%, respectively, in
2012. The resistance rates to AMX, CAM, LEV, TET and
MET were 30%, 75%, 0%, 35% and 0%, respectively,
in 2013 and 0%, 70.7%, 26.8%, 2.4% and 43.9%,
respectively, in 2014 (Table 1 and Figure 1). However,
none of the isolates showed a statistically significant
upward or downward trend in terms of resistance rates
2
when they were analyzed by χ test for linear trends
(Table 1).

DISCUSSION
In our study, the annual changes in the antibiotic
resistance rates of H. pylori after failure of standard
first-line treatment in southern Taiwan from 2010 to
2014 revealed a high resistance to CAM (up to 70%)
and MET (43.9%) and a low resistance to both AMX
(0%) and TET (0%-10%). The resistance to LEV was
as high as 37.5% in 2010 but was only 26.5% in
2014.
The cause of CAM resistance may be point
mutations, which occur at A2143G, A2142G and
[12]
A2142C, in the 23S rRNA component of ribosomes .
The second-line resistance rate to CAM was as high
as 65%-75%. Therefore, CAM should no longer be
used as a second-line regimen for eradication therapy
because high CAM resistance decreased the efficacy
of CAM-based therapy by 66%-77% according to
[13]
previous studies . The high rate of resistance to
CAM in Taiwan was one of the major reasons for
[14]
the failure of first-line standard triple therapy .
In fact, the eradication rate after first-line therapy
in Taiwan dropped from 95% in 2005 to 79.3% in
[7,8]
2014 . This result indicated that the standard firstline therapy may need to be substituted with alterna
tive combination treatments such as non-bismuth
quadruple (concomitant, sequential or hybrid therapy)
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therapy in Taiwan.
MET resistance in cases of H. pylori infection is
complex and is primarily associated with mutational
inactivation of several redox-related genes (frxA,
[15]
rdxA) . Fortunately, in contrast to CAM resistance,
MET resistance had less impact on the eradication rate
[16,17]
and could be overcome via an increase in the dose
.
Therefore, MET continues to be a widely used drug for
eradication therapy, despite a relatively high resistance
rate. Some studies have shown that MET resistance
is not a major determinant of the failure rate because
MET-resistant H. pylori isolates reduce the efficacy
of MET-containing regimens but do not render them
[18,19]
completely ineffective
. This discrepancy between
in vitro MET resistance and treatment outcomes
may be partially explained by changes in the oxygen
pressure in the gastric environment, as MET-resistant
H. pylori isolates can become susceptible to MET
under low oxygen conditions in vitro. These combined
results suggested that treatment with MET could
[20]
overcome MET resistance to some degree . However,
MET, which is an important antibiotic that is used in
quadruple therapy, demonstrated a high, continuous
level of resistance (25%-43.9%). This is similar to
what has been observed in other Asian countries such
[21,22]
as Malaysia and South Korea
.
Nevertheless, it is still recommended that bismuthbased quadruple therapy or levofloxacin-containing
[3,23]
triple therapy be used as a second-line therapy
.
However, bismuth is not available in many countries.
Alternatively, the Maastricht IV Consensus Report has
also recommended LEV-based therapy as a secondline rescue treatment after failure of first-line therapy.
Unfortunately, the growing resistance to LEV has
[9]
become a global problem . Quinolone resistance is
determined in H. pylori (N87 and D91) in the quinolone
resistance-determining region of the gyrA gene of H.
[24]
pylori . In the current study, the prevalence of LEV
resistance was 37.5% in 2010, and fortunately, it has
not increased since then. This might be because the
bureau of our hospital, via an electronic audit program,
issued a reimbursement regulation that restricts
the use of any antibiotics in patients throughout the
hospital. Another reason might be due to the practice
of tailored therapy for patients with documented LEVsusceptibility strains whenever H. pylori culture was
[25]
available . However, additional follow-up reports
on LEV resistance are needed in the next couple of
years. Although the current 5-year report showed no
statistically significant upward or downward trend,
the resistance rate reported in the current study was
still much higher than the 11.8% that was reported in
[26]
2007 and the 26.5% in 2014 .
Furthermore, the impact of the increase in levo
floxacin resistance might be crucial in the eradication
[27]
of H. pylori. Perna et al reported that the eradication
rate was lower in patients with LEV-resistant strains
compared with those with susceptible strains (33.3%
[25]
vs 75%). In addition, Tai et al
noted that the
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eradication rate dropped from 92.8% to 14.3% in
patients with levofloxacin-resistance strains who
received 10-d LEV triple therapy. These results imply
that treatment with levofloxacin-based therapy for
H. pylori should be limited to patients with suscep
tible strains in order to avoid a potential resistance
problem.
Importantly, the global increase in the prescription
of quinolones is responsible for the rapid rise in the
resistance of H. pylori, but it has also impacted other
[28]
types of bacteria . For example, Mycobacterium
tuberculosis is highly prevalent in Taiwan. One study
reported that patients who were recently exposed
to quinolone for 5 d or more were less likely to be
smear-positive (OR = 0.27, 95%CI: 0.11-0.63) and
were more likely to experience a delay in the receipt
of proper treatment for tuberculosis (time ratio 2.02,
[29]
95%CI: 1.19-3.44) . Moreover, quinolone exposure
for > 10 d that occurred > 60 d before a diagnosis of
tuberculosis was associated with the highest risk of
quinolone resistance (OR = 17.0, 95%CI: 5.1-56.8)
[30]
compared with no exposure . Importantly, the
current report reminds us of the potential impact of
the empiric use of LEV as a second-line eradication
therapy, which is recommended by the Maastricht IV
Consensus Report, and that the use of this antibiotic
should be carefully monitored.
Our study showed that H. pylori isolates were
highly susceptible to AMX and TET (0% throughout the
5-year period except for 10% in TET strains that were
resistant in 2012). This is similar to what was found in
[26]
[31]
previous reports by Hung et al and Mégraud . AMX
resistance is associated with alterations in penicillinbinding proteins. For time-dependent antibiotics such
as AMX, it is more important to prolong the time
so that the plasma concentration is higher than the
minimal inhibitory concentration (MIC) to achieve
[32]
higher plasma levels of the drug . On the contrary,
the bactericidal activity of TET is a result of the drug’
s ability to prevent the synthesis of nascent peptide
chains by binding to the 30S ribosomal subunit as
[33]
well as by blocking the binding of aminoacyl-tRNA .
The low resistance rates to both AMX and TET imply
that they might be good candidate antibiotics for
use as second-line therapies for H. pylori eradication
when given in combination because the prevention
of antibiotic resistance is a key factor for success.
Unfortunately, the reported success rates when
these two antibiotics were given in combination were
unacceptable in two previous publications from Taiwan
(62%-75% in an intention-to-treat analysis and
[34,35]
64%-80% in a per-protocol analysis)
. The reason
for the disappointing in vivo H. pylori eradication rates
might be related to a drug-drug interaction between
amoxicillin and tetracycline, both of which exhibit low
[36]
antibiotic resistance in vitro. Sorice et al
proposed
that bacteriostatic drugs such as tetracycline might
interfere with the bactericidal action of penicillin. The
bactericidal action of penicillin involves the inhibition

10672

October 7, 2015|Volume 21|Issue 37|

Wu IT et al . Sequential changes in secondary antibiotic resistance of H. pylori
of cell wall formation, which is dependent on how fast
the bacteria multiply. Bacteriostatic antibiotics such
as TET may reduce the effectiveness of penicillin via
the inhibition of the cellular protein synthesis that is
[37]
required for cell division .
The current study has some limitations. First,
this was a single-center report, and multicenter data
would be more convincing with respect to this issue.
Second, it is a retrospective study with a relatively
small sample size, and thus, bias may exist. Third, we
were unable to provide any further genetic data for
these resistant strains. As is already known, antibiotic
resistance is conferred by point mutations in H. pylori
[38]
DNA . Resistance is currently detected by culturebased and molecular methods. Molecular techniques
could predict the antibiotic resistance by the detection
of point mutations. In reality, these techniques are not
always feasible and are still difficult to apply in clinical
practice due to the high costs that are associated with
[9]
routine use .
In conclusion, antibiotic resistance of H. pylori
remains a hindrance to the effective eradication of
H. pylori infections in Taiwan. High CAM resistance
indicates that it should not be prescribed as a secondline therapy for H. pylori eradication. Levofloxacinbased second-line therapy should be used cautiously,
and the local resistance rates should be carefully
monitored.

used cautiously, and the local resistance rates should be carefully monitored.

Terminology

The H. pylori strains were tested for susceptibility to amoxicillin (AMX), CAM,
levofloxacin (LEV), metronidazole (MET) and tetracycline (TET) using the E-test
method (AB BIODISK, Solna, Sweden). H. pylori strains had minimal inhibitory
concentration values ≥ 0.5, ≥ 1, ≥ 1, ≥ 4 and ≥ 8 mg/L, which were
considered to be the resistance breakpoints for AMX, CAM, LEV, TET and MET,
respectively.
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Abstract
AIM: To define the benefits of three-dimensional
video-assisted thoracoscopic esophagectomy (3D-VATE)
over 2D-VATE for esophageal cancer.
METHODS: A total of 93 patients with esophageal
cancer including 45 patients receiving 3D-VATE and
48 receiving 2D-VATE were evaluated. Data related
to patient and cancer characteristics, operating time,
intraoperative bleeding, morbidity and mortality,
postoperative inflammatory markers, Numerical Rating
Scale for postoperative pain, Constant-Murley rating
system for shoulder recovery and oxygenation index
(OI) were collected. All medical records were retrieved
from a prospectively maintained oncological database
at our institution. A retrospective study was performed
to compare the short-term surgical outcomes between
the two groups.
RESULTS: No significant differences were found
between the two groups in either morbidity or mortality
(P = 0.328). An enhanced surgical recovery was noted
in the 3D group as indicated by shortened thoracoscopic
operation time (3D vs 2D: 68 ± 13.79 min vs 83 ± 13
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min, P < 0.01), minor intraoperative blood loss (3D
vs 2D: 68.2 ± 10.7 ml vs 89.8 ± 10.4 ml, P < 0.01),
earlier chest tube removal (3D vs 2D: 2.67 ± 1.01 vs
3.75 ± 1.15 d, P < 0.01), shorter length of hospital
stay (3D vs 2D: 9.07 ± 2.00 vs 10.85 ± 3.40 d, P <
0.01), lower in-hospital expenses (3D vs 2D: 74968.4
± 9637.8 vs 86211.1 ± 8519.7 RMB, P < 0.01), lower
pain intensity (P < 0.01) and faster recovery of the left
shoulder function (P < 0.01). Better preservation of the
pulmonary function was also found in the 3D group as
the decline of the OI post operation was significantly
lower than that of the 2D group (P < 0.01). Changes
of postoperative inflammatory markers, including
procalcitonin [postoperative days (PODs) 4 and 7: P <
0.01], peripheral granulocytes (PODs 1, 4 and 7: P <
0.01) and hypersensitive C-reactive protein (POD 4: P
< 0.01) in 3D-VATE patients were less than those in
the 2D group. Moreover, utilization of the 3D technique
extended the dissection of the thoracic lymph nodes
(P < 0.01), with better exposure of nodes in the left
recurrent laryngeal nerve (P = 0.031).
CONCLUSION: 3D-VATE could be a more viable tech
nique over 2D-VATE in terms of short-term outcomes for
patients with esophageal cancer.
Key words: Esophageal cancer; Three-dimensional videoassisted thoracoscopic esophagectomy; Two-dimensional
video-assisted thoracoscopic esophagectomy; Surgical
outcomes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Minimally invasive esophagectomy has been
the predominant option for esophageal cancers.
However, conventional two-dimensional video-assisted
thoracoscopic esophagectomy (2D-VATE) is limited in its
operating fields and disturbed eye-hand coordination,
which may hamper necessary lymph node dissection
and increase chances of surgical-related trauma. The
introduction of 3D-VATE with 24-fold magnified view is
designed to overcome such disadvantages. However,
the benefits of 3D-VATE over 2D-VATE have not
been fully studied in terms of surgical outcomes. This
work, to our knowledge, is for the first time to report
the definitive advantages of 3D-VATE in short-term
outcomes.
Li Z, Li JP, Qin X, Xu BB, Han YD, Liu SD, Zhu WZ, Peng MZ,
Lin Q. Three-dimensional vs two-dimensional video assisted
thoracoscopic esophagectomy for patients with esophageal cancer.
World J Gastroenterol 2015; 21(37): 10675-10682 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i37/10675.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i37.10675

INTRODUCTION
Surgery remains the treatment of choice for eso
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[1]

phageal cancer . However, conventional open eso
phagectomy has been associated with high rates
[2-4]
of morbidity and mortality . Since the first report
[5]
by Cuschieri et al in 1992, minimally invasive
esophagectomy (MIE) has become a viable alternative.
Accumulating evidence has shown that the application
of MIE is associated with a substantial decrease in
blood loss, fewer complications and short hospital
[6,7]
stays . However, MIE with two-dimensional (2D)
visualization is known for its limitations, such as a
restricted operating field and disturbed eye-hand
coordination. These limitations may hamper necessary
lymph node dissection and increase the chances
[8]
of surgically related trauma . The Da Vinci robotic
system was developed with a three-dimensional
camera, which offers a ten-fold magnified view of the
operating field. This could be of great value in lymph
node dissection and mediastinal dissection of the
esophagus as it gives the actual depth perception to
[9]
the surgeons . However, the robotic system requires
specific instruments that took a much longer time to
prepare and a prolonged learning curve for surgeons
[10]
to adopt the technique . Above all, the costs and
technical challenges substantially limited its application,
[11]
especially in developing countries .
The introduction of the three-dimensional videoassisted thoracoscopic esophagectomy (3D-VATE) was
designed to overcome some of the disadvantages of
2D-VATE. It offers 24-fold three-dimensional imaging,
which is comparable to that of the robotic system in
restoring the actual depth perception to surgeons.
The learning curve of 3D-VATE is potentially shorter
than that of 2D-VATE/robotic-assisted esophagec
[12-14]
tomy
. Moreover, the expenses of 3D-VATE is much
lower compared to robotic-assisted esophagectomy.
The cost-efficiency of 3D-VATE allows wide use in
esophagectomies, especially in developing countries
such as China. Because the majority of esophageal
cancer patients come from rural areas with relatively
low social-economic conditions, the use of 3D-VATE
could be a more viable alternative for these individuals.
However, the belief that 3D-VATE outweighs
2D-VATE has not been fully explored in scope and
magnitude. In this study, we included a total of 93
patients from the Eastern parts of China to compare
the postoperative outcomes in patients undergoing
3D- and 2D-VATE for esophageal cancers.

MATERIALS AND METHODS
Patients

Prior written informed consent was obtained from
all participants and the study was approved by the
Clinical Ethics Committee of the First People’s Hospital,
Shanghai Jiaotong University. From April 2013 to
October 2014, a total of 93 patients undergoing
minimally invasive esophagectomy were selected out
of the database including 45 patients with 3D-VATE
and 48 with 2D-VATE. Eight patients from the 3D
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group were excluded, including four patients with
benign esophageal diseases and two with esophageal
cancer who received minimally invasive Ivor Lewis
esophagectomy.
The overall operating time was the time from skin
incision to the final skin closure. The thoracoscopic
operating time refers to the resection time. Intra
operative bleeding was collected by anesthetists.
Pulmonary complications included pneumonia, res
piratory failure and adult respiratory distress syndrome
(ARDS). A pneumonia diagnosis was based on
radiographic evidence with a body temperature >
38.1 ℃. Diagnosis of ARDS was made according to the
[15]
American-European consensus conference on ARDS .
Systemic acute-phase responses to surgical stress were
indicated by inflammatory markers on postoperative
days (PODs) 1, 4 and 7, including serum hypersensitive
C-reactive protein (hsCRP), white blood cells (WBCs),
granulocytes (GRs) and procalcitonin (PCT).
The postoperative pain intensity was reported
using numerical rating scale for pain (NRS; 0 = no
[16]
pain, 10 = maximal imaginable pain) . Postoperative
shoulder recovery was described using the Constant[17]
Murley rating system . Changes in the oxygenation
index (OI) on PODs 1, 2, 3, 5 and 7 compared to
preoperative baselines were used as the indicator
for pulmonary function recovery. Detailed operative
procedures of 3D-VATE and 2D-VATE are described
below. Tumors were staged according to the classi
fication system of the American Joint Committee on
Cancer and Union for International Cancer Control.

Surgical procedures

All patients received a combination of epidural and
general anesthesia before operation. The patients
were turned to the left lateral decubitus position
and four trocars were placed. Operative procedure
of thoracoscopic part was in a manner similar to
[18-20]
MIE
. The thoracic duct, mediastinal pleura, and
lymph nodes at para-esophageal, subcarinal, and
peribronchial stations were dissected to remain en
bloc with the esophagus. After completion of the total
mediastinal lymph node dissection, a 28-Fr chest tube
was placed, and the collapsed right lung was inflated.
The patient then was turned to the supine position.
Gastric mobilization and upper abdominal lymph
node dissection were performed using laparoscopy as
[21]
previously reported . At the end of the abdominal
phase, left cervicotomy was performed, and the
cervical esophagus was mobilized. The esophagogastric
specimen was pulled out through the neck incision
under laparoscopic observation. Esophagogastric
anastomosis was performed with a side-to-side stapled
anastomosis.
For 3D group, the monitor shows two separate
images, one for the left eye and one for the right
eye, which are presented to the corresponding eye
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by special filter glasses. Both images are composed
of partial spectra of the three primary colors, i.e.,
red, green and blue. These partial spectra used for
the left image are different from those of the right
image and are generated with the aid of interference
filters. By these means the images are coded and
can be assigned to the corresponding eye via the
[22]
mentioned glasses . For the 2D group, the monitor
presents identical images in 2D mode apart from the
stereoscopic effect. We used a 30° camera in both the
2D and 3D groups.

Perioperative management

All patients were transferred to the intensive care
unit (ICU) with extubation after surgery. Oxygen ad
ministration was discontinued when the O2 saturation
level was > 95% of room air. Patient-controlled epidural
analgesia was continued up to POD 5 in both groups.
Enteral nutrition was started on POD 4. Oral intake
was started after the removal of the nasogastric tube
on POD 6. Blood cell counts and laboratory data were
taken on PODs 1, 4 and 7. Patients were discharged
when chest tube was removed.

Statistical analysis

Data are presented as mean ± SD. Comparisons were
made between the two groups using Student’s t-test
2
for continuous measures and a χ test for categorical
variables. Significance was set as a P value < 0.05. All
analyses were performed using the SPSS version 19.0
(SPSS Inc., IL, United States).

RESULTS
Patient demographics

A total of 93 patients underwent MIE at our institution
with 45 3D-VATE cases and 48 2D-VATE cases. The
average age was 63.8 years and 65.1 years for the
3D and 2D groups, respectively. Comorbidities such
as cardiac, renal and pulmonary functions were
comparable between the 3D and 2D groups (Table
1). In the 3D group, 8 patients received preoperative
chemotherapy and 12 patients received radiotherapy.
However, this was significantly different from the 2D
group.

Morbidity and mortality

Postoperative morbidity was similar between the groups
as shown in Table 2. The morbidity of pulmonary,
cardiac and renal systems showed no statistical
differences. No significant differences were found
between the two groups in terms of anastomotic
leakage, wound infections or unplanned returns to the
operating room.

Surgical recovery indications

The overall surgical time (138 ± 14 min vs 167 ± 20
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Table 1 Patient demographics n (%)

Age (yr)
Gender
Male
Female
Functional status
Independence
Partial dependence
Complete dependence
Weight loss1
Smoking2
Use of AAS
LEVF%
FS%
Hypertension
Renal failure
Dialysis
Ascites
Esophageal varices
Preoperative chemotherapy
Preoperative radiation
Prior operation

Table 2 Postoperative morbidity and mortality n (%)

3D-VATE
n = 45

2D-VATE
n = 48

P value

63.8 ± 10.2

65.1 ± 9.8

0.55
0.66

29 (64.4)
16 (35.6)

34 (70.8)
14 (29.2)

Morbidity
Mortality
Pulmonary complications
Pneumonia
Re-intubation
Pulmonary embolism
Ventilation > 48 h
Wound infections
Neck
Thorax
Abdomen
Renal complications
Progressive renal insufficiency
Acute renal failure
Urinary tract infections
Cardiac complications
Cardiac arrest
Myocardial infarction
Tachycardia/arrhythmias
Deep venous thrombosis
Anastomotic leakage
Unplanned return to OR

0.25
44 (97.8)
1 (2.2)
0 (0)
13 (28.9)
7 (15.6)
0 (0)
68.7 ± 1.5
39.3 ± 2.3
10 (22.2)
0 (0)
0 (0)
1 (2.2)
0 (0)
8 (17.8)
12 (26.7)
0 (0)

47 (97.9)
0 (0)
1 (2.1)
11 (22.9)
9 (18.8)
1 (2.1)
68.6 ± 1.5
39.5 ± 2.0
19 (39.6)
2 (4.2)
1 (2.1)
1 (2.1)
1 (2.1)
9 (18.8)
13 (27.1)
1 (2.1)

0.64
0.91
1
0.73
0.7
0.078
0.5
1
0.96
1
1
1
1

Weight loss > 10% over 6 mo; 2Smoking over the past year. Prior operation
within 30 d. AAS: Anabolic-androgenic steroids; LEVF: Left ventricular
ejection fraction; FS: Fraction shortening; VATE: Video-assisted thoracoscopic
esophagectomy; 3D: Three-dimensional; 2D: Two-dimensional.

3D-VATE
(n = 45)

3D-VATE
(n = 48)

13 (28.9)
1 (2.2)

8 (16.7)
1 (2.1)

5 (11.1)
4 (8.9)
1 (2.2)
4 (8.9)

7 (14.6)
5 (10.4)
1 (2.1)
4 (8.3)

0 (0)
0 (0)
0 (0)

0 (0)
1 (2.1)
0 (0)

0 (0)
0 (0)
1 (2.2)

0 (0)
0 (0)
1 (2.1)

0 (0)
0 (0)
1 (2.2)
0 (0)
1 (2.2)
2 (4.4)

0 (0)
0 (0)
4 (8.3)
0 (0)
1 (2.1)
4 (8.3)

P value
0.328
NS
NS
0.76

NS

NS

NS

0.363
NS
NS
0.678

1

Pain intensity

8

NS: Not significant; OR: Operating room; 3D-VATE: Three-dimensional
video-assisted thoracoscopic esophagectomy.

Table 3 Surgical recovery indicators

3D
2D

3D-VATE (%)
n = 45

NPRS (0-10)

6

Thoracoscopic operating
time1 (min)
Operating time2 (min)
Bleeding (mL)
Chest drains (mL)
Chest tube duration (d)
Length of stay (d)
Expenses (RMB)

4

2

0

Pre-op POD 1

POD 3

P value

83 ± 13

< 0.01

138 ± 14
167 ± 20
68.2 ± 10.7
89.8 ± 10.4
306.6 ± 56.2
366.4 ± 62.6
2.67 ± 1.01
3.75 ± 1.15
9.07 ± 2.00
10.85 ± 3.40
74968.4 ± 9637.8 86211.1 ± 8519.7

< 0.01
< 0.01
< 0.01
< 0.01
0.003
< 0.01

1

POD 5 POM 1 POM 2 POM 3

Figure 1 Pain intensity. The pain intensity of the patients undergoing the
three-dimensional video-assisted thoracoscopic esophagectomy (3D-VATE)
and two-dimensional (2D)-VATE was showed via the numerical pain rating
scale (NPRS). The pain degree of the patients on postoperative PODs 3, 5 and
POMs 1, 2 and 3 indicated a statistically significant difference between the 3D
group and the 2D group (P < 0.05). 3D vs 2D, POD 3: 3.93 ± 0.84 vs 5.48 ±
1.15, P = 0.002; POD 5: 3.96 ± 0.82 vs 5.40 ± 1.01, P = 0.01; POM 1: 4.69 ±
1.15 vs 5.63 ± 1.44, P = 0.048; POM 2: 3.87 ± 0.94 vs 4.75 ± 1.2, P = 0.029;
POM 3: 2.07 ± 0.863 vs 3.38 ± 1.20, P = 0.007. pre-op: Preoperation; POD:
Postoperative day; POM: Postoperative month.

min; P < 0.001) and the thoracoscopic surgical time
(68 ± 13.79 min vs 83 ± 13min, P < 0.001) were
both remarkably shortened in the 3D group compared
to the 2D group. Intraoperative bleeding in the 3D
group was minor (68 ± 13.79 ml vs 83 ± 13 ml, P
< 0.01) with earlier chest tube removal after surgery
(2.67 ± 1.01 d vs 3.75 ± 1.15 d, P < 0.01), reduced
length of the hospital stay (9.07 ± 2.00 d vs 10.85
± 3.40 d, P = 0.003) and lower in-hospital expenses
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68 ± 13.79

2D-VATE (%)
n = 48

Thoracoscopic operating time refers to the resection time; 2Operating
time is the time from skin incision to the final skin closure. VATE: Videoassisted thoracoscopic esophagectomy; 3D: Three-dimensional; 2D: Twodimensional.

(RMB 74968 ± 9637 yuan vs 86211 ± 8519 yuan, P
< 0.01; Table 3). Figure 1 shows the pain intensity of
the patients undergoing the 3D-VATE and 2D-VATE
via the numerical pain rating scale. The pain degree of
the patients on PODs 3, 5 and postoperative months
(POMs) 1, 2 and 3 indicates a statistically significant
difference between the 3D group and the 2D group (P
< 0.05) (3D vs 2D, POD 3: 3.93 ± 0.84 vs 5.48 ± 1.15,
P = 0.002; POD 5: 3.96 ± 0.82 vs 5.40 ± 1.01, P =
0.01; POM 1: 4.69 ±1.15 vs 5.63 ± 1.44, P = 0.048;
POM 2: 3.87 ± 0.94 vs 4.75 ± 1.2, P = 0.029; POM
3: 2.07 ± 0.863 vs 3.38 ± 1.20, P = 0.007). Figure
2 summarizes the patients’ recovery condition of the
shoulder function in the two groups. The shoulder
recovery condition had a statistically significant
difference between the two groups on POM 1 (3D vs
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Figure 2 Recovery of the shoulder function. The shoulder recovery condition
had a statistically significant difference between the two groups on POM 1 (3D
vs 2D, POM 1:87.40 ± 3.14 vs 83.50 ± 4.05, P = 0.03). CMS: Constant-Murley
scale; pre-op: Pre-operation; POD: Postoperative day; POM: Postoperative
month; 3D: Three-dimensional; 2D: Two-dimensional.

POD 1

POD 2

POD 3

POD 5

POD 7

Figure 3 Preservation of the pulmonary function. Decline of the OI on PODs 1,
2, 3, 5 and 7 was significantly smaller in the 3D group compared to that in the 2D
group (POD 1: 71.01 ± 17.92 mmHg vs 86.25 ± 15.91 mmHg; POD 2: 66.71 ±
17.58 mmHg vs 132.22 ± 25.04 mmHg; POD 3: 113.69 ± 20.25 mmHg vs 126.14
± 22.96 mmHg; POD 5: 76.79 ± 23.52 mmHg vs 117.25 ± 34.88 mmHg; POD
7: 87.26 ± 19.88 mmHg vs 107.83 ± 27.11 mmHg, P < 0.01). OI: Oxygenation
index; POD: Postoperative day; 3D: Three-dimensional; 2D: Two-dimensional.

Table 4 Preoperative baselines of pulmonary function

Smoking1
FEV1 (L)
FEV1%
Dlco%
PaO2 (mmHg)
BMI
ASA class

3D-VATE (%)
(n = 45)

2D-VATE (%)
(n = 48)

P value

7 (15.6)
2.73 ± 0.36
85.1 ± 5.8
91.9 ± 3.88
407.8 ± 19.7
22.5 ± 2.0
2.58 ± 0.54

9 (18.8)
2.77 ± 0.36
86.6 ± 6.5
92.8 ± 3.78
402.1 ± 18.7
22.2 ± 2.0
2.58 ± 0.53

0.91
0.65
0.26
0.23
0.16
0.44
0.96

Table 5 Inflammatory markers
3D-VATE
n = 45
Preoperative baselines
WBC (109/L)
5.54 ± 0.88
GR (109/L)
3.88 ± 0.55
hsCRP (mg/L)
1.76 ± 0.43
PCT (μg/L)
0.03 ± 0.01
Postoperative outcomes
ΔWBC
POD1 (109/L)
5.64 ± 1.60
POD4 (109/L)
3.87 ± 1.05
POD7 (109/L)
2.48 ± 0.50
ΔGR
POD1 (109/L)
4.88 ± 1.18
POD4 (109/L)
3.59 ± 0.85
POD7 (109/L)
2.24 ± 0.63
ΔCRP
POD1 (mg/L)
42.5 ± 15.3
POD4 (mg/L)
102.5 ± 61.3
POD7 (mg/L)
88.4 ± 47.1
ΔPCT
POD1 (μg/L)
0.71 ± 0.17
POD4 (μg/L)
0.32 ± 0.14
POD7 (μg/L)
0.46 ± 0.23

1

Smoking (in the past year). FEV 1: Forced expiratory volume in one
second; Dlco: Diffusing capacity of the lung for carbon monoxide; PaO2:
Oxygen tension; BMI: Body mass index; ASA class: American Society
of Anesthesiologists physical status classification system; 3D: Threedimensional; 2D: Two-dimensional.

2D, POM 1:87.40 ± 3.14 vs 83.50 ± 4.05, P = 0.03).

Pulmonary function recovery

Decline of the OI on PODs 1, 2, 3, 5 and 7 was
significantly smaller in the 3D group compared to that
in the 2D group (Table 4, Figure 3), indicating a better
preservation of the pulmonary function in the 3D group
(POD 1: 71.01 ± 17.92 mmHg vs 86.25 ± 15.91
mmHg; POD 2: 66.71 ± 17.58 mmHg vs 132.22 ±
25.04 mmHg; POD 3: 113.69 ± 20.25 mmHg vs
126.14 ± 22.96 mmHg; POD 5: 76.79 ± 23.52 mmHg
vs 117.25 ± 34.88 mmHg; POD 7: 87.26 ± 19.88
mmHg vs 107.83 ± 27.11 mmHg, P < 0.01).

Inflammatory markers

Systemic responses to surgical stress were studied
to evaluate the surgical invasiveness. Increases
in inflammatory markers, including hsCRP, WBCs,
granulocytes and PCT, were significantly lower on POD
4 in the 3D group (3D vs 2D, hsCRP: 0.32 ± 0.14 μg/L
vs 0.71 ± 0.14 μg/L, P < 0.01). In addition, the rise
of GR on PODs 1 and 4 were significantly lower in the
3D group (POD 1: 4.88 ± 1.18 μg/L vs 6.13 ± 1.42
μg/L; POD 4; 3.59 ± 0.85 μg/L vs 6.25 ± 1.21 μg/L, P
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2D-VATE
n = 48

P value

5.39 ± 0.89
3.77 ± 0.52
1.82 ± 0.43
0.03 ± 0.01

0.45
0.28
0.51
0.97

6.75 ± 1.37
6.65 ± 1.01
2.54 ± 0.66

0.001
< 0.01
0.667

6.13 ± 1.42
6.25 ± 1.21
2.68 ± 0.67

< 0.01
< 0.01
0.001

40.1 ± 16.9
137.9 ± 64.1
91.5 ± 41.3

0.544
< 0.01
0.225

0.68 ± 0.20
0.71 ± 0.14
1.01 ± 0.26

0.414
< 0.01
< 0.01

WBCs: White blood cells; GR: Granulocytes; hsCRP: Hypersensitive C-reactive
protein; PCT: Procalcitonin; Δ: Data compared to baselines; VATE: Videoassisted thoracoscopic esophagectomy; 3D: Three-dimensional; 2D: Twodimensional.

< 0.01). The rates for other inflammatory factors were
equivalent between the two groups (Table 5).

Lymph node dissection and exposure

Total lymph node dissection, including nodes from
the abdomen, thorax and neck, was not significantly
different between the two groups. However, the 3D
technique greatly extended dissection of the thoracic
lymph nodes (P = 0.008) with better exposure of nodes
in the regions of the left recurrent laryngeal nerve (P <
0.01) and the aortic arch (P = 0.005; Table 6).
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Table 6 Histopathological results and lymph node dissection/
exposure n (%)
3D-VATE
n = 45
Tumor location
Upper third of the esophagus
8 (17.8)
Middle third of the esophagus
29 (64.4)
Lower third of the esophagus
8 (17.8)
Histological type
Adenocarcinoma
0 (0)
Squamous cell carcinoma
45 (100)
TNM stage
12 (26.7)
Ⅰ
16 (35.5)
Ⅱ
17 (37.8)
Ⅲ
Lymph nodes dissection
Total1 LNN
24.8 ± 5.2
Thoracic LNN
13.13 ± 3.43
Thoracic LN group
2.56 ± 1.12
Laryngeal recurrent nerve LNN (L) 2.67 ± 1.15
Laryngeal recurrent nerve LNN (R) 2.27 ± 1.74
Esophageal LNN
3.64 ± 2.05
Subcarinal LNN
3.89 ± 2.59
Lymph nodes exposure
Recurrent laryngeal nerve (L) (Y)
41 (91.1)
Recurrent laryngeal nerve (R) (Y)
43 (95.6)

2D-VATE
n = 48

P value
NS

9 (18.8)
30 (62.5)
9 (18.8)
NS
1 (2.1)
47 (97.9)
NS
9 (18.8)
13 (27.1)
26 (54.2)
21.4 ± 6.3
8.96 ± 4.05
2.00 ± 0.85
1.17 ± 0.83
2.33 ± 1.39
3.58 ± 1.16
2.73 ± 1.08
35 (72.9)
43 (89.6)

NS
< 0.01
0.008
< 0.01
NS
NS
0.005
0.031
0.44

1

Inclusive for lymph nodes harvested from the abdomen, chest and
neck. TNM: Tumor node metastasis; LNN: Lymph node number; L:
Left; R: Right; NS: Not significant; VATE: Video-assisted thoracoscopic
esophagectomy; 3D: Three-dimensional; 2D: Two-dimensional.

DISCUSSION
Shortened length of hospital stay, reduced impairment
of pulmonary function, minor invasiveness and more
extensive lymphadenectomy were found among
patients undergoing 3D-VATE compared to 2D-VATE in
our study.
The shorter hospital stay may indicate an ac
celerated recovery from surgery in the 3D group.
Contributive factors included reduced intraoperative
time, blood loss and postoperative pain when
[10]
compared to the 2D group. Oh et al
reviewed 43
cases undergoing robotic-assisted thoracoscopic
surgery in pulmonary lobectomy and found that 3D
visualization could facilitate a faster resection compared
[9]
to open cases. Boone et al reported that 47 patients
with resectable esophageal cancer undergoing robotassisted thoracoscopic esophagectomy achieved
a significant decrease in resection time due to the
magnified view of the 3D-HD camera. The 3D camera
has to be moved more frequently during the operation,
as small amounts of bleeding can interfere significantly
with visualization, which may prolong overall procedure
duration. However, decreased total blood loss allows
the surgeons to have more freedom and greater
[9,10,13]
efficiency in difficult tasks
. In our study, the
resection time continued to improve in the 3D group
as experience accumulated despite these complexities.
Furthermore, postoperative pain intensity is another
important indicator for postoperative recovery. The
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present study found a significantly lower pain score
and an earlier recovery of shoulder function in the
3D group compared to the 2D group. With a more
proper mediastinal dissection in the aid of 3D imaging,
surgical injuries were reduced such as repeated
compression and stretching of nerves and muscles.
In the present study, we found that the decline of
the OI over preoperative baselines was much lower in
the 3D group compared to the 2D group, suggesting
reduced surgical-related pulmonary impairment.
Because anesthesia management was not different
between the two groups, decreased postoperative
pain could be an important contributor to better
preservation of postoperative pulmonary function in
the 3D group. This finding is consistent with previous
studies as postoperative pain intensity has been
identified as an independent predictive factor for
[23]
pulmonary function recovery . Moreover, reduced
duration of lung deflation due to shortened resection
time in the 3D group is another factor accounting for
fewer changes in the OI for the 3D-VATE.
Systemic responses to postoperative stress
[23]
are another indicator for surgical invasiveness .
Inflammatory factors, including C-reactive protein
(CRP), peripheral leukocytes, granulocytes counts and
PCT, are commonly used for acute phase responses
[24,25]
to tissue injury
. In this study, we compared the
changes in these variables before and after surgery
in the two groups. Both groups showed significant
increases in these inflammatory markers compared to
preoperative baselines, with the 3D group to a lesser
extent. These findings suggested minor postoperative
stress in the 3D group. With a 24-fold magnified view
of the operation field, the 3D high-definition VATE
offers a more meticulous and precise dissection in a
confined surgical field. This results in minor surgical
invasiveness and consequent postoperative stress
responses as indicated in our findings.
The lymph node status is a major prognostic factor
[26,27]
for esophageal carcinomas
. A more extensive
lymphadenectomy is positively correlated to better
survival in patients with esophageal cancer. Even in
patients who initially presented with a locally curable
disease, 20% were found to eventually have node[28]
positive disease that required esophagectomy .
However, studies showed that lymph node dissection
was inadequate for patients undergoing MIE and
[28-30]
open esophagectomy
. In our study, we found
that utilization of a 3D high-definition camera allows
better exposure of thoracic lymph nodes and thus
more extensive resection. Dissection of lymph nodes in
regions of the left recurrent laryngeal nerve and aortic
arch is not practical for open and 2D esophagectomy
due to limited information on spatial depth, which can
be derived only from secondary spatial depth cues and
experience. The 3D technique is designed to overcome
this defect. It returns the actual depth perception to
the surgeons, which facilitates the improvement of
[13,30,31]
surgical performance
.
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All data of the present study were retrieved from
a prospectively maintained oncological database at
our institution with standardized systematic collection
of medical records. This database helped to reduce
observation bias to a great extent as analysis of
patient profiles showed no significant difference
between the two groups. However, there are several
limitations to our study. First, both surgeon-specific
and team-related factors could lead to information
bias. It was not until January 2013 that we introduced
3D-VATE to the treatment of esophageal cancer. To
ensure sufficient training in 3D-VATE esophagectomy,
we slowly accumulated nearly 30 patients with clinical
stage Ⅰ esophageal cancer before surgeons of our
thoracic department gradually passed their learning
curve by April 2013. Second, selection of patients
undergoing 3D-VATE was mainly on a first-come and
first-served basis in our study. However, confounding
factors such as patient willingness, educational
backgrounds and economic conditions contributed
to selection biases, which were unfortunately not
available for further analysis in the retrospective study.
Indications of MIE for esophageal cancers remain
controversial. In this study, the inclusion criterion
for MIE was non-discriminative of early or advanced
[31]
disease stage . Further randomized controlled studies
are needed to determine the benefits of 3D-VATE in
long-term outcomes
In conclusion, compared with 2D-VATE successful
utilization of 3D-VATE for esophageal carcinomas
was associated with an accelerated recovery, the
preservation of pulmonary function, reduced surgical
stress and more extensive lymphadenectomy. In
conclusion, 3D-VATE could be a more advantageous
technique over 2D-VATE. Further investigations are
needed to confirm this conclusion.

esophageal cancer patients come from rural areas with relatively low socialeconomic conditions, the 3D-VATE could be a more viable alternative for these
individuals.
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Background

The optimal surgical approach for esophageal cancer remains controversial.
Three-dimensional video-assisted thoracoscopic esophagectomy (3D-VATE)
is believed to offer unique advantages when compared to conventional 2D
thoracoscopic technique. However, the benefits of 3D-VATE over 2D-VATE
have not been fully studied.

The 3D-VATE is a minimally invasive technique with less surgical stress
and faster recovery compared to open approach. It offers a 24-fold three
dimensional imaging, which facilitates the restoring of the actual depth
perception to surgeons and improvement of surgical performance.

The use of 3D-VATE for esophageal carcinomas was associated with an
accelerated recovery, the preservation of pulmonary function, reduced surgical
stress and more extensive lymphadenectomy. In conclusion, 3D-VATE could be
a more advantageous technique over 2D-VATE.

Applications

The cost-efficiency of 3D-VATE allows the wide use in esophagectomies,
especially in developing countries such as China. Since the majority of
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The 3D-VATE is a minimally invasive technique that uses three-dimensional
video, which offers a 24-fold three dimensional imaging that helps to restore the
actual depth perception to surgeons.
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Abstract
AIM: To evaluate a new imaging device for colonoscopy
®
that adds two side viewing CMOS lenses, the Third Eye
Panoramic™ cap.
METHODS: In this prospective observational feasibility
study, 33 patients, 18 male and 15 female, underwent
routine screening, surveillance or diagnostic colonoscopy
®
with the new Third Eye Panoramic™ cap clipped on
to the distal tip of a high definition Fuji EC530-LS Slim
®
Colonoscope . All procedures were performed at the
New York Presbyterian-Queens Endoscopy unit by two
experienced endoscopists (Rubin M and Kim SH). Main
outcome measurements included evaluation of the image
®
quality of the Third Eye Panoramic™ cap, adenoma
detection rate, cecal intubation rate, withdrawal time
and total procedure time.
RESULTS: The Third Eye® Panoramic™ cap enabled
enhanced views without affecting the quality of the
colonoscope’s image or its handling characteristics
through the colon. Ileal intubation was accomplished in
most cases, but was more challenging. The side view
lenses detected polyps and diverticula hidden behind
folds and in flexures not seen on the standard view.
The side view lenses were easily cleaned utilizing an
®
Endogator Irrigation Pump (Medivators, Minneapolis,
MN, United States) by angling the scope tip against the
mucosa while washing. The cecum was reached in all
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33 patients. Mean cecal intubation time was 8.19 ± 2.17
min, mean withdrawal time was 10.15 ± 5.56 min and
mean total procedure time was 20.31 ± 5.14 min. The
overall adenoma detection rate was 44%.
CONCLUSION: The Third Eye ® Panoramic™ cap
enables wide view colonoscopy with enhanced visuali
zation utilizing standard forward view colonoscopes.
Key words: Colonoscopy; Adenoma detection rate;
Endoscopic technology; Endoscopy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we present our experience
®
with a brand-new endoscopic device the Third Eye
Panoramic™ Cap (Avantis Medical). The cap clips onto
the distal tip of a standard colonoscope and contains
side viewing CMOS cameras illuminated with LED lights
increasing the viewing angle to 300° . This enables
visualization of the colonic mucosa behind folds and in
flexures. This preliminary study presents data on the
successful implementation and deployment of the cap
in routine colonoscopic examinations.
Rubin M, Lurie L, Bose K, Kim SH. Expanding the view of a
standard colonoscope with the Third Eye® Panoramic™ cap. World
J Gastroenterol 2015; 21(37): 10683-10687 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i37/10683.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i37.10683

withdrawal, better preparation and the use of new
devices to view lesions hidden behind folds, where 2/3
[10]
of missed adenomas are located .
®
®
The Third Eye Retroscope (TER, Avantis Medical
Systems Inc., Sunnyvale, CA, United States), was
the first of these technologies and was shown to
increase ADR by 23.2% by providing a continuous
180° retrograde view that complemented the forward
view of a standard colonoscope to allow examination
[5]
of areas behind folds and flexures . However, the TER
was limited by its deployment through the working
[7]
channel of the scope .
®
The recently introduced Fuse Full Spectrum
®
Endoscopy system (EndoChoice Inc., Alpharetta, GA,
United States) is a new endoscopic platform which
is equipped with side-viewing cameras with LED
illumination. The resulting colonoscopic image expands
the view from 170° to 330°. In a tandem study com
paring standard forward-viewing colonoscopy to Fuse,
the adenoma miss rate was significantly lower with the
[7,8]
Fuse system . However, migrating to this platform
requires a significant capital expenditure as well as an
adjustment to different scope dynamics and optical
resolution.
®
The Third Eye Panoramic™ device (TEP, Avantis
Medical Systems) is a novel plastic cap containing 2
side-viewing CMOS chips with adjacent LEDs that can
be attached to the tip of any standard colonoscope. In
this preliminary study, we report on the successful use
of the TEP in patients undergoing colonoscopy.

MATERIALS AND METHODS
INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer in males and the second most common
[1]
cancer in females worldwide In the United States,
approximately 132700 new cases are diagnosed and
[2]
49700 deaths occur annually . From 2007 to 2011,
CRC cases in the United States decreased 3.6% per
year and CRC deaths decreased 2.8%, mostly due to
increased use of screening colonoscopy and removal of
[2,3]
precancerous adenomas .
Recent studies have shown a direct correlation
between a high adenoma detection rate (ADR) and
a decreased risk of interval colon cancer, defined
as colorectal cancer diagnosed after a screening or
surveillance exam in which no cancer is detected, and
[4]
before the date of the next recommended exam .
One large study showed that each 1% increase in
ADR was associated with a 3% decrease in the risk of
[5]
cancer .
Although colonoscopy remains the gold standard,
tandem studies have shown miss rates of adenomas
[5-8]
ranging from 22%-41% , and even large adenomas
(measuring at least 1 cm) have a miss rate of about
[9-11]
12%
. Methods to improve the ADR include timed
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Patients who were scheduled for elective outpatient
screening, surveillance or diagnostic colonoscopy
were asked to participate in the study. Patients were
excluded if they were suspected to have a chronic
stricture, active diverticulitis, toxic megacolon or history
of radiation therapy. All patients underwent routine
bowel preparation according to the endoscopist’s stan
dard practice. All procedures were performed in the
New York Presbyterian-Queens Endoscopy Unit by two
experienced endoscopists (Rubin M and Kim SH) under
Propofol sedation.
The Third Eye Panoramic cap was clipped on to
the distal tip of a high definition Fuji EC530-LS Slim
®
Colonoscope (Fujifilm Medical Systems United States
Inc., Wayne, NJ, United States) (Figures 1 and 2). A thin,
flexible plastic catheter containing the video transmission
wires ran along the shaft of the scope without additional
attachments and was connected to an external video
processor linked to the colonoscope’s high definition
monitor. The result was three distinct but partially
overlapping images on a single screen expanding the
viewing angle to greater than 300°. The side view images
were adjusted to be smaller than the center forward view
image to facilitate eye focus and concentration.
We recorded ADR, cecal intubation rate, withdrawal

10684

October 7, 2015|Volume 21|Issue 37|

Rubin M et al . Enhanced colonoscopy with Third Eye® Panoramic™

Panoramic device

Standard colonoscope

Figure 1 Panoramic cap above the tip of a colonoscope.

Catheter
Colonoscope's video camera

Clip
1

Right-side LED
1

Right-side video camera

Colonoscope's channel

Figure 2 Panoramic cap clipped onto a colonoscope. 1Additional LED and
Video Camera located on left side.

time and total procedure time, which included time for
lesion removal and intubation of the terminal ileum.
All patients gave informed consent. The protocol was
approved by the Institutional Review Board.

RESULTS
Of 34 patients enrolled, 1 was withdrawn due to a
poor bowel preparation. The remaining 33 patients
(18 male, 15 female) with a mean age of 60 years
underwent screening, surveillance or diagnostic
colonoscopy.
The cecum was reached in all 33 patients. Mean
cecal intubation time was 8.1 ± 2.17 min, mean
withdrawal time was 10.15 ± 5.56 min and mean total
procedure time was 20.31 ± 5.14 min. The overall
ADR was 44%.
The TEP enabled enhanced views resulting in
identification of polyps and diverticula that were not
initially seen with the standard forward view of the
colonoscope. All polyps initially detected in the lateral
views were readily seen and removed following
deflection of the colonoscope’s tip.
Use of the device did not affect the quality of the
colonoscope’s high definition image or its handling
characteristics. Specifically, there was no restriction
of mobility, tip deflection or retroflexion. The terminal
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ileum was successfully intubated in most cases, but
required additional effort in some patients. The cap
only dislodged once during the study when lubricant
was inadvertently placed on tip of the colonoscope
prior to clipping on the cap. In all other cases, lubricant
was applied after placement of the cap which fit snugly
and did not move from its position. The cap did not
cause damage to any scope. All devices were used
once and then discarded.
Because the device does not occupy the working
channel, it didn’t need to be removed to perform
polypectomies, and it had no effect on suction capacity.
Use of electrocautery did not affect the functioning
of the cap. There were no device failures or adverse
events. Telephone follow-up at 24 h found no reports
of abdominal or anorectal discomfort following the
procedure.
®
All procedures were performed with an EndoGator
Irrigation Pump (Medivators, Minneapolis, MN, United
States), which successfully cleared the TEP lenses
when the scope tip was angulated towards the colonic
wall while washing.
Several revisions were made to the device during
the study. Fasteners to hold the plastic catheter against
the colonoscope’s shaft and a mechanism for cleaning
lenses proved unnecessary and were eliminated. The
side-viewing cameras were relocated closer to the
tip of the colonoscope, improving image quality and
eliminating a gap between images (Figure 3).

DISCUSSION
Our study demonstrates the successful implementation
®
and use of the Third Eye Panoramic™ cap fitted to
a standard colonoscope. The Third Eye Panoramic
device, unlike the Third Eye Retroscope, does not
occupy the colonoscope channel. It accomplishes
the goal of expanding the view without requiring a
conversion to a new scope platform or sacrificing the
high definition image quality and superior handling
characteristics of standard colonoscopes. The TEP’s
two additional side lenses enhanced the total viewing
angle to greater than 300° without interfering with the
performance of screening, surveillance or diagnostic
colonoscopy. This increased viewing angle improved
the ability to examine areas that would otherwise be
hidden behind haustral folds and flexures. Neither
the thin plastic catheter nor the cap itself affected
the passage of the scope through the colon and no
adjustment in technique was required. However,
intubation of the ileocecal valve was more challenging.
Future versions with a smaller footprint may alle
viate this limitation. Although the TEP does increase
the cost per case, a reusable version (currently
undergoing testing) should minimize the expense.
Although we found an overall adenoma detection rate
of 44%, it is not known whether this device compares
favorably to standard colonoscopy, cap assisted
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A

B

Figure 3 Right (A) and left (B) side view of a colonic polyp.

colonoscopy or other similar technologies such as
®
the FUSE system. Further studies comparing TEP to
these other technologies and standard colonoscopy
should be performed.

Peer-review

This is an interesting paper describing the use of a panoramic cap allowing for
wide view examination of the colon. The paper is well written and provides for
proof of concept of this device.
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Abstract
AIM: To investigate the toxicity and response of
intensity-modulated radiotherapy schedule intensified
with a simultaneous integrated boost in anal canal
cancer.
METHODS: From March 2009 to March 2014, we
retrospectively analyzed 41 consecutive patients treated
with intensity-modulated radiotherapy (IMRT) and
concurrent chemotherapy for anal canal squamous cell
carcinoma at our center. Radiotherapy was delivered
via simultaneous integrated boost (SIB) technique by
helical tomotherapy, and doses were adapted to two
clinical target volumes according to the tumor-nodemetastasis (TNM) stage: 50.6 Gy and 41.4 Gy in 23
fractions in T1N0, 52.8 Gy and 43.2 Gy in 24 fractions
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in T2N0, and 55 Gy and 45 Gy in 25 fractions in all
patients with N positive and/or ≥ T3, respectively, to
planning target volumes 1 and 2. The most common
chemotherapy regimen was 5-fluorouracil and
mitomycin-based. Human papilloma virus (HPV) p16
expression was performed by immunohistochemistry
and evaluated in the majority of patients. Acute and
late toxicity was scored according to CTCAe v 3.0 and
RTOG scales.
RESULTS: The median follow-up was 30 mo (range:
12-71). Median age was 63 years (range 32-84). The
stage of disease was: stage Ⅰ in 2 patients, stage Ⅱ
in 13 patients, stage ⅢA in 12 patients, and stage ⅢB
in 14 patients, respectively. Two patients were known
to be HIV positive (4.9%). HPV p16 expression status
was positive in 29/34 (85.3%) patients. The 4-year
progression-free survival and overall survival in HPVpositive patients were 78% and 92%, respectively.
Acute grade 3 skin and gastrointestinal toxicities were
reported in 5% and 7.3% of patients, respectively;
patients’ compliance to the treatment was good due
to a low occurrence of severe acute toxicity, although
treatment interruptions due to toxicity were required
in 7.3% of patients. At 6 mo from end of treatment,
36/40 (90%) patients obtained complete response;
during follow-up, 5 (13.8%) patients presented with
disease progression (local or systemic).
CONCLUSION: In our experience, intensified SIBIMRT with chemotherapy is very feasible in clinical
practice, with excellent results in terms of overall
survival and local control.
Key words: Anal canal cancer; Intensity-modulated
radiotherapy; Simultaneous integrated boost; Helical
tomotherapy; HPV
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated intensity-modulated
radiotherapy with simultaneous integrated boost in
anal canal cancer of prevalent Human papilloma virus
(HPV)-positive patients. The results show excellent
outcomes in HPV-positive tumors, and suggest that
an intensified radiotherapy schedule associated with
chemotherapy is safe and allows the obtaining of
oncologic results comparable to the standard schedule
without an increase in acute toxicity.
Belgioia L, Vagge S, Agnese D, Garelli S, Murialdo R, Fornarini
G, Chiara S, Gallo F, Bacigalupo A, Corvò R. Intensified
intensity-modulated radiotherapy in anal cancer with prevalent
HPV p16 positivity. World J Gastroenterol 2015; 21(37):
10688-10696 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i37/10688.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i37.10688

WJG|www.wjgnet.com

INTRODUCTION
Anal canal cancer is a rare pathology accounting for
[1]
2.4% of digestive system cancers . The standard
treatment procedure consists of combined radiationchemotherapy, which allows for the achievement of
high rates of local control, overall survival (OS), and
[2]
disease-free survival (DFS) . However, due to its high
toxicity, which can lead to treatment interruptions,
different chemotherapy regimens and schedules of RT
have been tentatively explored in order to improve
[3,4]
treatment compliance . Over the last few years,
the introduction of intensity-modulated radiotherapy
(IMRT) has become increasingly attractive, as it has
shown to maintain radiation doses within clinical target
volumes, while at the same time reducing the average
and threshold doses for Organs-at-Risk (OARs), such
as the genitals, perineum, small bowel, and bladder,
[5]
compared with conventional 3D-Conformal RT . IMRT
with a Simultaneous Integrated Boost of Dose (SIB)
could be devised as an innovative intensified strategy
to escalate radiation doses to sites of macroscopic
disease. This approach has its advantages compared
to sequential dosage increment, namely: the possibility
to deliver different fraction doses to different volumes,
shorten overall treatment time (OTT), and guarantee
better coverage of Gross Tumor Volume (GTV) with
non-target tissue sparing. SIB use has also been
investigated in diseases other than anal canal cancer,
such as head and neck cancer and cervical cancer,
and where it has been demonstrated to be feasible
[6-8]
and act to reduce acute toxicity . Here we present
the results of a study carried out with an intensified
radiotherapy regimen associated with chemotherapy
that was applied in order to improve oncologic efficacy
and reduce overall acute toxicity in patients with
squamous cell carcinoma of the anal canal treated at
our center.

MATERIALS AND METHODS
Population

We analyzed retrospectively 41 consecutive patients
with histologically documented anal canal squamous
carcinoma (clinical stage T1-4, N0-3) treated between
March 2009 and March 2014 at our center, a public
university hospital. All tumors originated from the
anal canal and could extend to the perianal region in
advanced disease.
Pretreatment evaluation included a complete
patient history, physical examination, blood chemistry,
chest radiogram or chest/abdominal computed
tomography (CT), magnetic resonance imaging
(MRI) of the pelvis and/or FDG positron emission
tomography (PET)-CT, sigmoidoscopy, or transrectal
ultrasound in order to assess disease stage. Patients
were excluded if they had metastatic disease or prior

10689

October 7, 2015|Volume 21|Issue 37|

Belgioia L et al . Anal cancer SIB-IMRT: Outcomes and toxicity
Table 1 Constraints for normal tissue
Organ

Constraints

Bladder
Median < 30 Gy
Bowel bag
Median < 20 Gy
Femoral heads
V35 < 15%
Pelvic bones
V10 < 90%
External
Median < 15 Gy
genitalia

V45 < 35%
V40 < 30% V45 < 195 mL
V20 < 55%
V20 < 75%
V30 < 50% V40 < 37%

pelvic radiotherapy.

HPV detection

52.8 Gy and 43.2 Gy in 24 fractions in T2N0, and 55
and 45 Gy in 25 fractions in all patients with N+ and/or
≥ T3 prescribed to PTV1 and PTV2, respectively. The
plan was accepted if: (1) at least 97% of the volume
was covered by 95% of the dose; (2) at least 99%
of the volume was covered by 90% of the dose for
both PTV1 and PTV2; (3) no more than 1% received
more than 5% of the prescription dose for PTV1; and
(4) no more than 5% received more than 5% of the
prescription dose for PTV2. MVCT scans before each
fraction were performed to verify patients’ positioning;
image matching was executed using an automatic bone
algorithm supervised by experienced medical staff.
Normal tissue dose constraints are listed in table 1.

Evaluation of p16 expression status, as a surrogate of
human papilloma virus (HPV) infection, was performed
by immunohistochemistry using the automated
®
immunostainer Ventana BenchMark XT platform
(Ventana Medical Systems, Arizona, United States)
INK4a
and anti-p16
antibodies (Ventana Medical Systems,
Arizona, United States). p16 is a cyclin-dependent
kinase inhibitor with an important role in cellular
differentiation and the cell cycle. Overexpression
of p16 is found in neoplastic cells, and is strongly
associated with the molecular expression of the E7
oncoprotein of HPV.

All patients were evaluated for chemotherapy (CHT)
by a medical oncologist; most patients received concur
rent chemotherapy with a 5-FU continuous venous
2
infusion of 1000 mg/m over 96 h and mitomycin-C
2
(MMC) of 10 mg/m during the first and last weeks
of radiation therapy; in cases of contraindication to
polychemotherapy, patients received capecitabine (825
2
mg/m bid/die) concomitant with RT, or underwent
exclusive radiotherapy.

Radiotherapy

Toxicity and follow-up

CT-based planning with a slice thickness ≤ 5 mm
from the upper lumbar spine to the mid-femur was
performed. Oral contrast was recommended to allow
better visualization of the bowel; all patients had a
full bladder and a radio-opaque vaginal marker was
placed in female patients to assist in target delineation.
Patients were scanned in a supine position and
immobilized with a thermoplastic mask from the base
of the lung to the mid-femur with all-in-one (AIO)
TM
solution or COMBIFIX for pelvic district. Images
were transferred to the Eclipse Treatment Planning
System (Varian Medical Systems) for contouring.
The gross tumor volume (GTV), clinical tumor
volume (CTV), planning target volume (PTV), and
avoidance structures (including the bowel bag, bladder,
external genitalia, femoral heads, pelvic bones, and
intergluteal sulcus) were contoured. Data was sent
to the tomotherapy planning station for treatment
planning. The GTV, including the primary tumor and
macroscopically-involved lymph nodes, was identified
using examination, imaging, and endoscopy findings.
Two CTVs were delineated: CTV1 and CTV2. CTV1
consisted of the GTV plus 5 mm expansion, while CTV2
included elective nodal stations (perirectal, internal
iliac, external iliac, obturator, presacral, and inguinal
nodes); an isotropic margin of 5 mm was added to
generate Planning Tumor Volumes (PTV1 and PTV2).
Treatment consisted of IMRT with SIB delivered by
helical tomotherapy (6 MV). Dose prescription for
target volumes varied according to the clinical disease
stage: 50.6 Gy and 41.4 Gy in 23 fractions in T1N0,
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Chemotherapy

Toxicities were graded weekly during chemoradiation
and in follow-up (every week in the first month after
combined treatment and then at 8 wk post-treatment).
Patients underwent rectal examination at 6-8 wk after
the completion of radiotherapy course, and then at 3
mo from treatment they underwent pelvic MRI and
rectoscopy. Most patients also underwent an endorectal
ultrasound and, at 4 mo, a PET/CT was performed to
evaluate metabolic response. In patients with complete
remission, follow-up investigations were carried out at
3 mo intervals in the first year, and then every 6 mo
for 5 years by MRI or endorectal ultrasound alternated
with PET/CT. In cases of incomplete response, the
clinical and radiological evaluation was repeated
[7]
every 4 wk until complete remission was recorded .
In cases where there was evidence of progression
or recurrence, surgery was recommended. Posttreatment biopsies were not routinely performed.
Local regional recurrence was defined as recurrence
of the disease within the pelvis. All failures were
documented by a biopsy. Distant failure was defined
as the development of the disease outside the pelvis
or inguinal nodes. Acute and late adverse events were
measured according to the Common Toxicity Criteria
for Adverse Events scale v3.0 and RTOG criteria,
[9,10]
respectively

Statistical analysis

The primary endpoints of this study were diseasefree survival (DFS) and local control rate (LC), while
secondary end points were overall survival (OS),
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Table 2 Patients characteristics n (%)
Age (yr)
median
range
Gender
Male
Female
Tumor stage
T1
T2
T3
T4
Nodal stage
N0
N1
N2
N3
Staging
Ⅰ
Ⅱ
ⅢA
ⅢB
Smoke
Yes
No
Unknown
Histology
SCC
Chemotherapy
MMC + 5-FU
MMC + Capecitabine
Capecitabine
None

Table 3 Acute toxicity (41 patients analyzed) n (%)

63
32-84

Gu
Skin
Gi
Pain
Hematological

3 (7.3)
38 (92.7)
3 (7.3)
19 (46.3)
10 (24.4)
9 (22)

G2

G3

G4

G5

4 (9.8)
29 (70.7)
11 (26.8)
12 (29.4)
3 (7.3)

/
2 (4.9)
3 (7.3)
/
2 (4.9)

/
/
/
/
/

/
/
/
/
1 (2.4)

G2

G3

1 (3.8)
4 (15.4)
0

1 (3.8)
1
0

Table 4 Late toxicity (40 patients analyzed) n (%)

16 (39)
18 (44)
6 (14.6)
1 (2.4)

G0
GU (dysuria)
GI (incontinence)
Female genital tract
(atrophy of vaginal mucosa)

2 (4.8)
13 (31.8)
12 (29.3)
14 (34.1)

38
29
37

G1
0
6 (23)
3 (11.5)

GU: Genitourinary; GI: Gastrointestinal.

18 (44)
7 (17)
16 (39)
41 (100)
33 (80.7)
4 (9.7)
2 (4.8)
2 (4.8)

progression-free survival (PFS), and acute and late
toxicity. Statistical analysis was performed with JMP
v10.0 (SAS institute Inc. Cary, NC) and DFS, LC,
and OS rates were calculated with Kaplan Meier nonparametric estimation from treatment start.

RESULTS
From March 2009 to March 2014 we treated 41
patients; their characteristics are summarized in table
2. The median follow-up was 30 mo (range 12-71 mo);
all but one patient had a follow-up of more than 12
mo. The stage of disease was: stage Ⅰ in 2 patients,
stage Ⅱ in 13 patients, stage ⅢA in 12 patients, and
stage ⅢB in 14 patients, respectively. Evaluation of
p16 expression status was positive in 29/34 (85.3%)
patients and not available in 6/41 patients; two patients
were known to be HIV positive (4.9%).

The prescription dose of PTV1 was 55 Gy in 29
patients, 52.8 Gy in 10 patients, and 50.6 Gy in 2
patients; the median dose of PTV1 and PTV2 was 55
Gy (range, 50.6-55 Gy) and 45 Gy (range, 41.4-45
Gy), respectively. All patients completed radiotherapy
treatment with the exception of one who interrupted
treatment, on his own accord, at 50.6 Gy of the

WJG|www.wjgnet.com

G1
11 (26.8)
10 (24.4)
17 (41.5)
22 (53.6)
4 (9.8)

GU: Genitourinary; GI: Gastrointestinal.

SCC: Squamous cell cancer; MMC: Mitomycin–C; 5-FU: 5-fluorouracil.

Chemoradiotherapy

G0
26 (63.4)
0 (0)
10 (24.4)
7 (17)
31 (75.6)

planned 55 Gy and refused the second chemotherapy
course. Treatment breaks due to toxicity occurred in
3 patients (7.3%; median 1 d - range 1-3 d) and due
to other causes (i.e., holidays or a broken machine)
in 27 patients (65.8%; median 1 d- range 1-5 d).
The median OTT was 35 d (range 30-40 d). OARs
optimization constraints were respected. Concomitant
CHT was delivered in 39/41 patients, although 2
patients did not receive CHT for comorbidity. 3/39
patients did not complete chemotherapy courses as
planned, mainly because of hematological toxicity
(thrombocytopenia and anemia), and 1 patient
presented cardiovascular disease (angina pectoris)
after first CHT course.

Toxicity

All patients were evaluated for acute toxicity. Grade
2 (11 patients, of whom 10 had diarrhea and 1 had
both nausea and diarrhea) and grade 3 (diarrhea)
gastrointestinal toxicity was reported in 26.8% and
7.3% of patients, respectively. 29.4% of patients
developed grade 2 pain and 24/41 (58.5%) had to be
administered major analgesic therapy; only 4 patients
were receiving analgesic therapy before treatment
start. Grade 3 skin toxicity occurred in 2 patients. 2
T4 stage patients developed a recto-vaginal fistula
during RT (at 33 Gy and 19.3 Gy, respectively); one
healed on its own after 7 mo from CHT/RT and the
other underwent temporary colostomy 2 mo after
treatment end. Late toxicity was assessed in 40/41
(97.5%) patients. No patient received a colostomy due
to stricture. One patient died due to chemotherapyrelated toxicity with pancytopenia and sepsis one
week after treatment end. Acute and late toxicities are
shown in tables 3 and 4.

Outcomes

40/41 patients were evaluable, as 1 patient died one
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Figure 2 Colostomy-free survival. A: Colostomy-free survival (CFS) all
disease stages; B: CFS stage Ⅰ-Ⅱ vs ⅢA-ⅢB.
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Figure 1 Disease-free survival (A), overall survival (B), and local control (C).
DFS: Disease-free survival; OS: Overall survival; LC: Local control.

week after treatment end. The first imaging evaluation
showed complete response (CR) in 25/40 (62%)
patients and a partial response (PR) in 15/40 (38%)
patients. At 6 mo, 11 of the 15 partial responders had
achieved CR. Among the 4 patients with residual tumors
shown radiologically at 6 mo, 2 underwent biopsy and
were confirmed to have loco-regional persistence, 1
presented systemic and local progression, and 1 had
systemic progression; at the time of writing, 2 of said
patients are alive and undergoing chemotherapy, while
the other 2 patients (both T4 stage) died at 28 and 24
mo from treatment end, respectively. During followup, 5/36 patients in complete response presented with
disease progression. 1 patient had local recurrence

WJG|www.wjgnet.com

11 mo after treatment end, but became disease-free
after undergoing abdominal-perineal resection. One
patient developed lung metastasis after 18 mo, but
was treated with SBRT (48 Gy/4 fx - 12 Gy/fraction)
and has currently obtained a metabolic complete
response. Three patients developed metastatic dis
ease, namely liver metastasis (2 patients) and bone
metastasis (1 patient), but after undergoing secondline chemotherapy they presented with stable disease
at the last follow-up. Among the 9 patients that
presented with an event (persistent or progressive
disease) 6 were p16 positive and 3 were p16 negative.
The PFS and OS in HPV-positive patients were 78%
and 92% at 4 years, respectively. The DFS, CFS, LC,
and OS were 78.3%, 94%, 92%, and 93% at 2 years,
respectively (Figures 1 and 2).

DISCUSSION
Over the past 30 years, concurrent FU/MMC-based
chemoradiotherapy has been the standard of care
in anal carcinoma. This approach enables sphincter
preservation in most patients without compromising
cure rates. However, CHT/RT is associated with
significant acute gastrointestinal, genitourinary,
dermatological, and hematological toxicities when
conventional radiation therapy techniques are used.
As a consequence, prolonged treatment breaks are
usually necessary and have been shown to negatively
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Table 5 Comparison with acute toxicity data reported in the literature
Ref.

No. pts

SIB

d/fx

CHT

Gastrointestinal
G2

Pepek et al[26], 2010
Bazan et al[24], 2010
Vieillot et al[28], 2012
DeFoe et al[11], 2012
Kachnic et al[5], 2012
Kachnic et al[13], 2012
Chuong et al[29], 2013
Koerber et al[30], 2014
Current study

29
29
72
78
43
52
52
68
41

No
Yes
No
No
Yes
Yes
Yes
Yes
Yes

1.8
1.6-1.8
1.8-2.0
1.8
1.5-1.8
1.5-1.8
1.8-2.0
1.8-2.2
1.8-2.2

89%
86%
85%
98%
100%
100%
100%
\
95%

G3

76%
10%
\
7%
14%
4%
60%
27.7%
42%
7%
52%
21%
39.5%
9.6%
47.1%
26.8%
7.3%

Genitourinary
G2

Skin

G3

45%
3%
\
\
4%
2%
18.5%
0
5%
5%
13.4%
1.9%
26.9%
0
19.1%
9.8%
0

G2

Hematologic
G3

100%
0
\
21%
16%
16%
91.3%
29%
63%
5%
52%
21%
57.7%
11.5%
63.2%
70.7%
4.9%

G2
45%
\
4%
51.4%
21%
15.4%
37.8%
\
7.3%

G3

G4
24%
21%

5%
4%
42.9%
12.9%
49%
12%
30%
27%
28.8%
\
\
4.9%
\

No. pts: Patients number; d/fx: Dose per fraction; CHT: Chemotherapy; SIB: Simultaneous integrated boost.

[11]

affect local control , as highlighted by several studies
[12]
(v RTOG 9208) . Other trials have demonstrated
that IMRT may decrease the incidence of acute toxicity
rates, with comparable outcomes to previous clinical
[13]
trials. The RTOG 0529 trial , a phase Ⅱ study,
demonstrated a reduction in grade 3 gastrointestinal,
grade 3 dermatologic, and grade 2 hematologic
toxicities using IMRT when compared with 3D-CRT.
Moreover, RTOG 0529 is the only phase Ⅱ prospective
trial, to our knowledge, in which RT is delivered with a
[13]
simultaneous integrated boost (SIB) .

Statement of principal findings

In our study we used an IMRT-SIB technique, in
tensifying treatment with a modest accelerated
hypofractionated schedule. This schedule allows us to
shorten the overall radiotherapy treatment time; our
median OTT was 35 d vs the 43 and 49 d reported in
RTOG 0529 and RTOG 98-11, respectively; furthermore,
we reported very few breaks due to toxicity (7.3%
vs 49% when compared with the RTOG 0529 trial
rate). This data appears very interesting, and may be
explained by the fact that major toxicities are likely to
occur when the radiotherapy course is concluded, and
thus they do not affect a treatment course that could be
administered more easily. We reported a relatively high
rate of patients (58.5%) that received major analgesics
during treatment, even if they did not encounter grade
3 pain; this is probably due to the fact that patients who
presented with basal or breakthrough pain (e.g., during
defecation) were well-controlled with minor analgesics
or major analgesics, respectively. The acute toxicity rate
was comparable with what has been reported in the
literature (table 5).
With regards to mid-term late toxicity, no grade 4
late toxicity was observed and no patient underwent
surgery for fecal incontinence or stricture. According to
these preliminary results, we believe that severe late
effects should not affect patients, even if an intensified
schedule of radiotherapy with a single SIB dose of
2.2 Gy is adopted in a volume that includes the anal
sphincter and muscles involved in anal function. We
also have to consider that the analysis of treatmentrelated toxicity is commonly difficult after radio-
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chemotherapy for anal cancer. Late effects were not
specifically reported in any trial, since the current
RTOG late effects instruments are not sufficiently
specific, and the fact that quite a few patients appear
to adapt even to an impaired function of pelvic organs
should be taken into consideration.

Strengths and weakness of the study and in relation to
other studies

An important aspect to analyze is the possibility that
the use of a SIB technique allows for the delivery
of different doses to different volumes, therefore
increasing the dose to GTV. Although the role of
dose escalation is still controversial in anal cancer,
multivariate analysis of data from the RTOG 98-11 trial
showed that positive lymph nodes and a tumor size
greater than 5 cm were independent prognostic factors
for poor OS; tumor diameter could also be prognostic
[14]
for colostomy rate and time to colostomy . Similarly,
recent multivariate analysis of data from the ACT1 trial
also showed that positive lymph nodes are a prognostic
indicator for higher local regional failure, anal cancer
[15]
death, and lower OS . The final analysis of the
UNICANCER ACCORD 03 trial did not demonstrate
a benefit from high dose radiotherapy, despite a
reported statistically insignificant small increase in CFS
and LC that lead to further investigation on the role
[16]
of dosage escalation . It should also be considered
that the radiation boost in the ACCORD 03 trial was
delivered 3 wk after treatment end, and this gap could
have contributed to a reduced possible positive effect
of high dose radiotherapy. On the basis of this data
and considering that local relapse remains the main
site of failure, especially in locally advanced disease, a
dose escalation might be reasonable.
In our study, 83% of patients were HPV p16
positive and higher disease control was expected
for these patients. Our results for this subgroup
of patients are excellent (OS and PFS were 92%
and 78% at 4 years, respectively) and comparable
[17]
with that reported in the literature . A preliminary
analysis on HPV-positive vs HPV-negative patients
seems to show a trend in favor of the first group,
even if the sample number is too small. Other studies
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Table 6 Comparison with outcome data reported in the literature
Bazan et al
No. pz
LC
OS

[24]

29 pz
92%2
88%2

Chuong et al

[29]

Dasgupta et al

52 pz
91.3%2
91.1%2

45 pz
87%1
93%1

[31]

Koerber et al

[30]

Mitchell et al

68 pz
75.3%2
82.9%2

[32]

Pepek et al

65 pz
90%1
96%1

47 pz
90%1
85%1

[26]

Janssen et al

[23]

25 pz
92%1
88%1

Tozzi et al

[22]

36 pz
78.1%3

Current study
41 pz
92%1
93%1

1

Two years; 2Three years; 3Five years. LC: Local control; OS: Overall survival.

have reported that HPV-negative tumors were linked
[17-19]
to a poor prognosis
. Another consideration in
our study is that we detected p16 expression by
immunohistochemistry, but HPV DNA testing was
not performed. In the literature, there are reports
that p16 is not a perfect surrogate marker for tumor
HPV status, as its specificity might be insufficient and
the use of HPV DNA could still be required if patients
[19]
were to be stratified based on HPV status ; this
aspect is particularly interesting and has also been
demonstrated in diseases other than anal cancer.
In oropharyngeal tumors, it is possible to identify a
subgroup of patients who are p16 positive but HPV
DNA negative, and whose survival is significantly
different compared with p16+ and HPV DNA positive
patients; the survival curve of this group converged
[20]
on the survival curve of HPV-negative patients .
Based on these observations, it is possible that we
registered some HPV false positive tumors, which likely
represents another limitation of our study.
In the past few years, there appears to be an
increase in the incidence of anal canal cancer, which
is probably related to HPV infection. We treated 41
patients at a single center with a relatively short,
median follow-up (30 mo), and analyzed them
retrospectively. These factors represent the main
limitation of this study, but the current literature refer
to small groups of patients (18-36 patients) with a
[21-27]
short follow up (14-32 mo)
. Our study therefore
aligns with the current knowledge, and our preliminary
results in terms of LC and OS are encouraging and in
line with those reported in the literature (Table 6).
Our study is distinct from others in terms of
radiotherapy dose and fractionation. Further inves
tigations on HPV status are necessary in order to
understand if different schedules of radiotherapy
(intensified or not) should be delivered according to
viral related biology of anal cancer. Our next project
is to isolate HPV DNA in patients in order to better
investigate this aspect and clarify the crucial aspects
of anal function in surviving patients by periodically
administering questionnaires on the quality of life for at
least 6 mo after treatment end.

Research frontiers

HPV could be used for individualization of treatment. Moreover the introduction
of intensity-modulated radiotherapy and integrated boost (SIB-IMRT) technique
allows for the reduction of toxicity-related treatments.

Innovations and breakthroughs

SIB allows for the easy modification of the radiotherapy schedule, thereby
increasing the effective biological dose without increasing overall treatment
time. This aspect could be particularly interesting in HPV-negative patients.

Applications

The results of the study show the excellent outcomes in HPV-positive patients
and highlight the high tolerance of a moderately-accelerated SIB-IMRT
radiotherapy schedule.

Terminology

IMRT is a radiotherapy technique that allows for the obtaining of better target
coverage, better dose distribution, and a reduction of the dose received
by normal tissue compared to the previous technique of 3D conformal
radiotherapy. SIB also allowed the treatment of different volumes at different
doses, as well as allowing an increase of the dose prescribed to the target
safely.

Peer-review

This is a good study in which the authors evaluated the prognostic significance
of HPV status and the feasibility and outcomes of accelerated intensitymodulated radiotherapy in anal canal cancer patients. The study is well
structured and the subject is clear and interesting. The manuscript is correctly
written and the conclusions are justified by the results found in the study.
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Abstract
AIM: To investigate the factors associated with
transfusion, further bleeding, and prolonged length of
stay.
METHODS: In total, 153 patients emergently hos
pitalized for diverticular bleeding who were examined
by colonoscopy were prospectively enrolled. Patients
in whom the bleeding source was identified received
endoscopic treatment such as clipping or endoscopic
ligation. After spontaneous cessation of bleeding with

10697

October 7, 2015|Volume 21|Issue 37|

Nagata N et al . Inhospital outcomes of bleeding diverticula

conservative treatment or hemostasis with endoscopic
treatment, all patients were started on a liquid food
diet and gradually progressed to a solid diet over 3
d, and were discharged. At enrollment, we assessed
smoking, alcohol, medications [non-steroidal antiinflammatory drugs (NSAIDs)], low-dose aspirin, and
other antiplatelets, warfarin, acetaminophen, and oral
corticosteroids), and co-morbidities [hypertension,
diabetes mellitus, dyslipidemia, cerebro-cardiovascular
disease, chronic liver disease, and chronic kidney
disease (CKD)]. The in-hospital outcomes were need
for transfusion, further bleeding after spontaneous
cessation of hemorrhage, and length of hospital stay.
The odds ratio (OR) for transfusion need, further
bleeding, and prolonged length of stay were estimated
by logistic regression analysis.

bleeding and prolonged hospitalization. This study
presents new information on the risk of adverse
outcomes in diverticular bleeding.

RESULTS: No patients required angiographic em
bolization or surgery. Stigmata of bleeding occurred
in 18% of patients (27/153) and was treated by
endoscopic procedures. During hospitalization, 40
patients (26%) received a median of 6 units of packed
red blood cells. Multivariate analysis revealed that
female sex (OR = 2.5, P = 0.02), warfarin use (OR
= 9.3, P < 0.01), and CKD (OR = 5.9, P < 0.01)
were independent risk factors for transfusion need.
During hospitalization, 6 patients (3.9%) experienced
further bleeding, and NSAID use (OR = 5.9, P = 0.04)
and stigmata of bleeding (OR = 11, P < 0.01) were
significant risk factors. Median length of hospital stay
was 8 d. Multivariate analysis revealed that age > 70
years (OR = 2.1, P = 0.04) and NSAID use (OR = 2.7,
P = 0.03) were independent risk factors for prolonged
hospitalization (≥ 8 d).

Colonic diverticular bleeding (CDB) is the most common
[1-3]
form of acute lower gastrointestinal bleeding (LGIB)
[4,5]
and is increasing in Japan . A significant proportion
of patients with colonic diverticula experience severe,
continuous, or refractory bleeding, necessitating a
[6-8]
blood transfusion and prolonged hospitalization .
Prevention of poor outcomes requires the identification
of high-risk patients who may benefit from intensive
inpatient monitoring and early intervention.
We previously reported the use of non-steroidal
anti-inflammatory drugs (NSAIDs), antiplatelet drugs,
and co-morbidities as risk factors for diverticular
[9,10]
bleeding
. However, the impact of these factors
on in-hospital outcomes remains unknown. The
objective of this study was to elucidate the risk
factors associated with in-hospital outcomes such
as transfusion requirement, further rebleeding, and
prolonged hospitalization.

CONCLUSION: In colonic diverticular bleeding, female
sex, warfarin, and CKD increased the risk of transfusion
requirement, while advanced age and NSAID increased
the risk of prolonged hospitalization.
Key words: In-hospital adverse clinical outcomes;
Antithrombotic agents; Blood transfusion requirement;
Lower gastrointestinal hemorrhage; Length of hospital
stay
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Some patients with diverticular bleeding
experience severe or massive bleeding, necessitating
blood transfusion and prolonged hospitalization, which
can consequently reduce their quality of life. This
study focused on drugs and diseases associated with
poor clinical outcome of diverticular bleeding during
hospitalization. We found that patients hospitalized for
diverticular bleeding could be treated endoscopically
and conservatively. However, there was a substantial
need for transfusion during hospitalization. Statistical
analysis revealed that female sex, warfarin use, and
chronic kidney disease were associated with a greater
risk of transfusion need, while non-steroidal antiinflammatory druguse was associated with further
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INTRODUCTION

MATERIALS AND METHODS
Study design, setting, and participants

Patients admitted to our hospital between September
2009 and December 2013 for examination of acute
LGIB at the endoscopy unit of the National Center for
Global Health and Medicine (NCGM) were prospectively
enrolled. The NCGM is a large emergency hospital,
with 900 beds, located in metropolitan Tokyo, Japan.
The Institutional Review Board at NCGM approved this
study (approval No. 1579) and all clinical procedures
conformed to Japanese and international ethical
guidelines (Declaration of Helsinki). All patients gave
informed written consent prior to enrolment. Patients
[10]
from a previous study cohort and a newly diagnosed
cohort were prospectively selected. Inclusion criteria
were: (1) > 18 years old; (2) Japanese nationality; (3)
overt LGIB that was examined within 1 wk of onset;
and (4) management as an in-patient. Exclusion
criteria were: (1) no informed consent provided; (2)
not independent in activities of daily living; (3) not
undergoing colonoscopy; (4) LGIB due to causes other
than CDB; and (5) barium impaction therapy in the
randomized controlled trial (ClinicalTrials.gov number
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[8]

000002832) . All inclusion criteria were fulfilled before
patients were enrolled.

Data sources and measurements

The questionnaire survey form asked about the use
of NSAIDs, low-dose aspirin, and other antiplatelets,
as well as warfarin, acetaminophen, and oral
corticosteroids. The questionnaire included photographs
[3]
of all of these oral drugs, as previously reported . Use
of a medication was defined as oral administration
starting at least 1 mo before the interview. While
hospitalized, NSAIDs, low-dose aspirin, other antiplatelet
drugs, and warfarin were temporarily stopped whenever
possible after consulting an cardiologist or neurologist.
Hypertension, diabetes mellitus, dyslipidemia,
cerebro-cardiovascular disease, chronic liver disease,
and chronic kidney disease (CKD) were assessed.
Cerebral infarction, cerebral hemorrhage, myocardial
infarction, and angina pectoris were considered cerebrocardiovascular disease. CKD was considered present
in patients on hemodialysis or peritoneal dialysis, or in
patients with a glomerular filtration rate < 60 mL/min
2
per 1.73 m for 3 mo. Chronic liver disease included
chronic viral hepatitis and alcoholic liver disease.

Diagnostic criteria and clinical outcome measures

An electronic high-resolution video endoscope (model
CFH260; Olympus Optical, Tokyo, Japan) was used
after spontaneous cessation of bleeding. CDB was
defined as either definite or presumptive on the
basis of colonoscopy with multidetector computed
[11-13]
tomography (MDCT)
. Definitive diagnosis
was based on colonoscopic visualization of colonic
diverticulum with stigmata of recent hemorrhage
(SRH) such as active bleeding, adherent clot, or visible
[11,12,14]
vessel
. A presumptive diagnosis was based on
MDCT visualization of the extravasation of contrast
medium in colonic diverticulum and colonoscopy
showing: (1) a potential bleeding site in an area of
[13]
positive MDCT findings ; (2) fresh blood localized
to colonic diverticulum in the presence of a potential
bleeding source on complete colonoscopy; or (3)
bright red blood in the rectum confirmed by objective
color testing and colonoscopy demonstrating a single
potential bleeding source in the colon, complemented
by negative upper endoscopy or negative capsule
[11,12]
endoscopy
. Patients in whom the bleeding source
was identified received endoscopic treatment such as
[15]
clipping or endoscopic ligation .
The clinical outcomes assessed were need for
transfusion (≥ 2 units) within 24 h of admission
or during hospitalization, further bleeding after
spontaneous cessation of hemorrhage, and length of
hospital stay. Cases requiring a transfusion ≥ 2 units
[16,17]
were considered severe bleeding cases
. During
hospitalization, blood transfusion was indicated for
patients when the hemoglobin level fell below 7.0 g/
dL, or 8.0 g/dL in those showing unstable vital signs.
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Further bleeding was defined as significant fresh
bloody or maroon-colored stools (> 200 mL) along
with unstable vital signs, a systolic blood pressure
≤ 90 mmHg or pulse ≥ 110 beats/min, and lack
of response to 2 or more units of transfused blood
during a 24-h period. In these cases, colonoscopy
was performed to evaluate the bleeding source in
addition to anoscopy or MDCT wherever possible. After
spontaneous cessation of bleeding with conservative
treatment or hemostasis with endoscopic treatment,
all patients were started on a liquid food diet and
gradually progressed to a solid diet over 3 d, and they
were later discharged.

Statistical analysis

To determine the risk factors associated with inhospital outcome in patients with CDB, we conducted
multiple logistic regression analysis, using the backward
elimination method, of factors found to be significant (P
< 0.05) on univariate analysis. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated. The
ORs for transfusion need within 24 h of admission or
hospitalization, further bleeding, and prolonged length
of hospital stay were estimated. Prolonged hospital
stay was defined as ≥ 8 d, which was the median
length in this study. A value of P < 0.05 was considered
significant. All statistical analysis was performed
using Stata version 10 software (StataCorp, College
Station, Texas, United States). The statistical methods
of this study were reviewed by Takuro Shimbo from
the Department of Clinical Research and Informatics,
National Center for Global Health and Medicine.

RESULTS
Participants

During the study period, 378 patients were admitted to
our hospital for acute LGIB. After exclusion of ineligible
patients, 153 patients with CDB were analyzed in
this study. Of these patients, 18% (27/153) had
colonoscopic evidence of a diverticulum with SRH: 63%
(17/27) in the ascending colon, 19% (5/27) in the
transverse colon, 3.7% (1/27) in the descending colon,
and 15% (4/27) in the sigmoid colon. All patients
with SRH in diverticula were treated by endoscopic
procedures such as clipping (18/27) and ligation
(9/27). No patients required angiographic embolization
or surgical resection during hospitalization. Patient
characteristics are shown in Table 1. Approximately
half of the patients were elderly (> 70 years). Drugs
commonly used by these patients were NSAIDs and
low-dose aspirin. The most common comorbidities
were hypertension (64%), diabetes mellitus (20%),
dyslipidemia (21%), cerebro-cardiovascular disease
(26%), chronic liver disease (3.9%), and CKD (8.5%).

In-hospital outcomes

Clinical outcomes of patients with diverticular bleeding
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Table 1 Baseline characteristics (n = 153) n (%)
Age (yr), median (IQR)
Age > 70 yr
Sex, M/F
Current smoker
Current drinker
NSAIDs
> 1 mo administration
Low-dose aspirin (≤ 100 mg)
> 1 mo administration
Non-aspirin antiplatelets
> 1 mo administration
Sarpogrelate hydrochloride
Ethyl icosapentate
Dilazep
Ticlopidine
Clopidogrel
Cilostazol
Limaprost alfadex
Dipyridamole
Limaprost
Warfarin
> 1 m administration
Acetaminophen
> 1 mo administration
Corticosteroids
> 1 mo administration
Hypertension
Diabetes mellitus
Dyslipidemia
Cerebro-cardio vascular disease
Chronic liver disease
Chronic kidney disease

Table 2 Clinical outcomes of patients with colonic diverticular
bleeding (n = 153) n (%)

72 (60-79)
82 (54)
102 (67)/51 (33)
41 (27)
108 (71)
41 (27)
27 (18)
38 (25)
38 (25)
29 (19)
28 (18)
2 (0.3)
1 (0.7)
1 (0.7)
6 (3.9)
10 (6.5)
10 (6.5)
2 (5.6)
1 (0.7)
1 (0.7)
10 (7.0)
8 (5.0)
2 (1.3)
1 (0.7)
5 (3.3)
5 (3.3)
98 (64)
31 (20)
32 (21)
40 (26)
6 (3.9)
13 (8.5)

Transfusion within 24 h admission
Units of transfused per patient within 24 h admission,
Median (IQR)1
Total transfusion
Total units of transfused per patient, median (IQR)1
Further bleeding
Length of hospital stay, median days (IQR)
Prolonged hospital stay (≥ 8 d)

40 (26)
6 (4-8)
6 (3.9)
8 (6-11)
99 (65)

1

Analysis of patients who received a transfusion. IQR: Interquartile range.

IQR: Interquartile range; NSAIDs: Non-steroidal anti-inflammatory drugs.

are shown in Table 2. At least 2 units of packed
red blood cells were required by 34 patients (22%)
within 24 h of admission, of which 13 patients (38%)
required 2 units, 10 patients (29%) required 4, 6
patients (18%) required 6, and 5 patients (15%)
required > 8. Univariate analysis revealed that age
> 70 years (P = 0.03), female sex (P = 0.02), lowdose aspirin use (P = 0.01), warfarin use (P < 0.01),
cerebro-cardiovascular disease (P < 0.01), and CKD (P
= 0.04) were significantly associated with transfusion
need with 24 h of admission (Table 3). Multivariate
analysis shown that female sex (OR = 2.7, 95%CI:
1.2-6.2, P = 0.02), warfarin use (OR = 7.2, 95%CI:
1.8-29, P < 0.01), and CKD (OR = 3.6, 95%CI: 1.0-12,
P = 0.04) were independent risk factors for transfusion
need within 24 h of hospitalization (Table 3).
During hospitalization, 40 patients (26%) received
a median of 6 [interquartile range (IQR): 4-8] units
of packed red blood cells. Univariate analysis revealed
that age > 70 years (P < 0.01), female sex (P =
0.03), low-dose aspirin use (P = 0.03), warfarin use
(P < 0.01), cerebro-cardiovascular disease (P = 0.02),
and CKD (P < 0.01) were significantly associated
with transfusion need (Table 4). Multivariate analysis
revealed that female sex (OR = 2.5, 95%CI: 1.1-5.6,
P = 0.02), warfarin use (OR = 9.3, 95%CI: 2.2-40, P
< 0.01), and CKD (OR = 5.9, 95%CI: 1.7-20, P < 0.01)
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34 (22)
4 (2-6)

were independent risk factors for transfusion (Table 4).
During hospitalization, 6 patients (3.9%) expe
rienced further bleeding. Use of NSAIDs was signifi
cantly greater among these patients (9.8%, 4/41)
than patients with no further bleeding (1.8%, 2/112)
(OR = 5.9, 95%CI: 1.0-34, P = 0.04). Patients with
colonoscopic evidence of SRH in diverticula treated by
endoscopic procedures also had a significantly higher
rate of further bleeding (15%, 4/27) compared with
patients with presumptive bleeding (1.6%, 2/126) (OR
= 11, 95%CI: 1.9-62, P < 0.01).
Median (IQR) length of hospital stay was 8 (6-11)
d. Univariate analysis indicated that age > 70 years (P
= 0.02) and NSAID use (P = 0.02) were significantly
associated with prolonged hospitalization (Table 5).
Multivariate analysis revealed that age > 70 years (OR
= 2.1, 95%CI: 1.0-4.2, P = 0.04) and NSAID use (OR
= 2.7, 95%CI: 1.1-6.4, P = 0.03) were independent
risk factors for prolonged hospitalization (Table 5).

DISCUSSION
This study focused on drugs and diseases associated
with poor clinical outcome of diverticular bleeding
during hospitalization. Female sex, warfarin use, and
CKD were associated with significantly greater risk
of transfusion need, while NSAID use was associated
with significantly greater risk of further bleeding during
hospitalization and subsequently prolonged stay.
In this study, patients using NSAIDs had a 5.9-fold
greater risk of further bleeding. Refractory bleeding
during hospitalization is likely to prolong hospital stay,
and several studies have shown a positive association
between NSAIDs and the occurrence of diverticular
bleeding. A prospective, large cohort study found that
[18]
NSAID users had a 1.7-fold higher risk of CDB , and
other case-control studies have reported increased
[19-21]
bleeding risks of 4-15 fold
and re-bleeding risks of
[19,22,23]
[24]
3-6 fold
. Wilcox et al
compared 105 patients
with LGIB and 1895 non-bleeding controls and found
that NSAID users had a 3.4-fold higher risk of CDB.
Although the range of risk increases was wide, likely
due to differences in study design or sample size, it is
clear that NSAID use is an unequivocal risk factor for
CDB.
Warfarin use was an independent risk factor for
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Table 3 Risk factors for transfusion need within 24 h of admission (n = 153)
Crude OR
(95%CI)

P value

2.5 (1.1-5.7)
2.5 (1.1-5.5)
2.0 (0.89-4.5)
2.3 (0.87-5.9)
0.98 (0.41-2.3)
2.8 (1.2-6.3)
1.8 (0.72-4.4)
6.2 (1.6-23)
1.5 (0-19)2
0.51 (0-3.8)2
1.8 (0.75-4.1)
0.81 (0.30-2.2)
0.97 (0.38-2.5)
3.0 (1.3-6.7)
0.41 (0-3.0)2
3.4 (1.1-11)

0.03
0.02
0.09
0.09
0.96
0.01
0.21
< 0.01
1.0
0.56
0.20
0.67
0.96
< 0.01
0.43
0.04

None/transfusion within
24 h (n = 119/34)
Age > 70 yr
Female
Current smoker
Current drinker
NSAIDs
Low-dose aspirin
Non-aspirin antiplatelets
Warfarin
Acetaminophen
Corticosteroids
Hypertension
Diabetes mellitus
Dyslipidemia
Cerebro-cardiovascular disease
Chronic liver disease
Chronic kidney disease

58 (49)/24 (71)
34 (29)/17 (50)
28 (24)/13 (38)
80 (67)/28 (82)
32 (27)/9 (26)
24 (20)/14 (41)
20 (17)/9 (26)
4 (3.4)/6 (18)
2 (1.7)/0
5 (4.2)/0
73 (61)/25 (74)
25 (21)/6 (18)
25 (21)/7 (21)
25 (21)/15 (44)
6 (5.0)/0
7 (5.9)/6 (18)

Adjusted OR
(95%CI)

1

P value

2.7 (1.2-6.2)

0.02

4.6 (1.8-29)

< 0.01

3.6 (1.0-12)

0.04

Multiple logistic regression analysis, using the backward elimination method, of factors found to be significant (P < 0.05) on univariate analysis; 2Analysis
by exact logistic regression. NSAIDs: Non-steroidal anti-inflammatory drugs.
1

Table 4 Risk factors for transfusion need during hospital stay (n = 153)
None/Transfusion in
hospital (n = 119/34)
Age > 70 yr
Female
Current smoker
Current drinker
NSAIDs
Low-dose aspirin
Non-aspirin antiplatelets
Warfarin
Acetaminophen
Corticosteroids
Hypertension
Diabetes mellitus
Dyslipidemia
Cerebro-cardiovascular disease
Chronic liver disease
Chronic kidney disease

53 (47)/29 (73)
32 (28)/19 (48)
27 (24)/14 (35)
76 (67)/32 (80)
29 (26)/12 (30)
23 (20)/15 (38)
18 (16)/11 (28)
3 (2.7)/7 (18)
2 (1.8)/0
3 (2.7)/2 (5.0)
68 (60)/30 (75)
24 (21)/7 (18)
23 (20)/9 (23)
24 (21)/16 (40)
5 (4.4)/1 (2.5)
5 (4.4)/8 (20)

Crude OR
(95%CI)
3.0 (1.4-6.6)
2.3 (1.1-4.8)
1.7 (0.79-3.7)
1.9 (0.82-4.6)
1.2 (0.56-2.8)
2.3 (1.1-5.2)
2.0 (0.85-4.7)
7.8 (1.9-32)
1.2 (0-15)2
1.9 (0.31-12)
2.0 (0.88-4.5)
0.79 (0.31-2.0)
1.1 (0.47-2.7)
2.5 (1.1-5.4)
0.55 (0.06-4.9)
5.4 (1.7-18)

P value

Adjusted OR
(95%CI)

< 0.01
0.03
0.18
0.13
0.6
0.03
0.11
< 0.01
1.0
0.48
0.10
0.61
0.77
0.02
0.6
< 0.01

1

P value

2.5 (1.1-5.6)

0.02

9.3 (2.2-40)

< 0.01

5.9 (1.7-20)

< 0.01

1

Multiple logistic regression analysis, using the backward elimination method, of factors found to be significant (P < 0.05) on univariate analysis; 2Analysis
by exact logistic regression. NSAIDs: Non-steroidal anti-inflammatory drugs.

transfusion need within 24 h of admission and for
prolonged hospitalization. Approximately 80% of CDB
[6,22]
cases spontaneously resolve
, but our findings
indicate that patients on warfarin are more likely
[25]
[26]
to experience severe rebleeding . Toyoda et al
recorded bleeding events in 4009 patients with stroke
and cardiovascular disease and found that both lifethreatening and major gastrointestinal bleeding and
major intracranial bleeding were higher in patients on
warfarin than those on antiplatelets. We suggest that
warfarin may be more effective against clot formation
than NSAIDs or antiplatelets.
In addition to drugs, CKD was associated with
greater risk of transfusion need. Intermittent use of
heparin for dialysis treatment and the presence of
uremia-induced platelet dysfunction are associated
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[27,28]

with GI bleeding
. Patients with CDK also de
monstrate abnormalities in blood coagulation and a
bleeding predisposition, resulting in consistent anemia
[28,29]
in upper gastrointestinal bleeding (UGIB) cases
.
Thus, CKD patients with UGIB or LGIB should be
managed carefully. Furthermore, such cases may
become more common, as CKD and the concomitant
[28]
need for dialysis are on the rise .
The strength of the present study is that all
subjects underwent colonoscopy with other modalities,
which enabled us to apply the strictest definition of
diverticular bleeding. Moreover, data on comorbidities,
smoking, alcohol consumption, and medication were
collected prospectively. Nonetheless, there are several
limitations of this study. First, while serious LGIB is
lower in patients on selective cyclooxygenase (COX)-2
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Table 5 Risk factors for prolonged hospital stay (n = 153)
1

None/prolonged
hospitalization (n = 119/34)

Crude OR
(95%CI)

P value

Adjusted OR
(95%CI)

22 (41)/60 (61)
16 (30)/35 (35)
19 (35)/22 (22)
37 (69)/71 (71)
8 (15)/33 (33)
11 (20)/27 (27)
14 (26)/15 (15)
2 (3.7)/8 (8.1)
1 (1.9)/1(1.0)
2 (3.7)/3 (3.0)
29 (54)/69 (70)
10 (19)/21 (21)
15 (28)/17 (17)
11 (20)/29 (29)
2 (3.7)/4 (4.0)
3 (5.6)/10 (10)

2.2 (1.1-4.4)
1.3 (0.64-2.7)
0.53 (0.25-1.1)
1.2 (0.57-2.4)
2.9 (1.2-6.8)
1.5 (0.66-3.3)
0.51 (0.22-1.2)
2.3 (0.47-11)
0.54 (0.03-8.8)
0.81 (0.13-5.0)
2.0 (1.0-3.9)
1.2 (0.51-2.7)
0.54 (0.24-1.2)
1.6 (0.73-3.6)
1.1 (0.19-6.2)
1.9 (0.50-7.3)

0.02
0.47
0.09
0.68
0.02
0.35
0.11
0.31
0.67
0.82
0.05
0.69
0.13
0.23
0.92
0.34

2.1 (1.0-4.2)

0.04

2.7 (1.1-6.4)

0.03

Age > 70 yr
Female
Current smoker
Current drinker
NSAIDs
Low-dose aspirin
Non-aspirin antiplatelets
Warfarin
Acetaminophen
Corticosteroids
Hypertension
Diabetes mellitus
Dyslipidemia
Cerebro-cardiovascular disease
Chronic liver disease
Chronic kidney disease

P value

1

Multiple logistic regression analysis, using the backward elimination method, of factors found to be significant (P < 0.05) on univariate analysis.
[30]

inhibitors compared with non-selective NSAIDs , only
3 patients in this cohort were taking COX-2 inhibitors,
precluding an evaluation of their association with CDB
[16,17,31]
outcome. Second, hemodynamic instability
,
[16]
hematocrit ≤ 35% , or abnormal white blood cell
[31]
counts contribute to poor outcome in LGIB, but data
for these factors were not collected.
In conclusion, patients hospitalized for diverticular
bleeding could be treated endoscopically and con
servatively. Re-bleeding rate during hospitalization was
low, but there was a substantial need for transfusion
and prolonged hospitalization. Advanced age, female
sex, NSAIDs, warfarin, and CKD increase the risk of an
adverse clinical outcome in hospitalized patients with
colonic diverticular bleeding.
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= 9.3, P < 0.01), and chronic kidney disease (CKD) (OR = 5.9, P < 0.01) were
independent risk factors for transfusion need. During hospitalization, 6 patients
(3.9%) experienced further bleeding, and non-steroidal anti-inflammatory drugs
(NSAIDs) use (OR = 5.9, P = 0.04) and stigmata of bleeding (OR = 11, P < 0.01)
were significant risk factors. Median length of hospital stay was 8 days, and
age > 70 years (OR = 2.1, P = 0.04) and NSAID use (OR = 2.7, P = 0.03) were
independent risk factors for prolonged hospitalization (≥ 8 d).

Applications

Female sex, warfarin use, and CKD were associated with significantly greater
risk of transfusion need, while NSAID use was associated with significantly
greater risk of further bleeding during hospitalization and subsequently
prolonged stay. These information will be useful for clinicians in the
management of patients with diverticular bleeding during their hospitalization.

Terminology

Chronic kidney disease was considered present in patients on hemodialysis or
peritoneal dialysis, or in patients with a glomerular filtration rate < 60 mL/min
per 1.73 m2 for 3 mo.

Peer-review

This paper simply identify the risk factors and effects on prolonged stay and
rebleeding due to diverticular colonic disease. It’s interesting and worth reading.
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Abstract
Addiction to synthetic cannabinoids (SCs) is a growing
social and health problem worldwide. Chronic use of
SCs may cause adverse effects in the gastrointestinal
system. We describe a very rare case of acute gastric
dilatation (AGD) and hepatic portal venous gas (HPVG),
with findings of acute abdomen resulting from chronic
use of a SC, Bonzai. AGD and HPVG were detected by
computerized tomography examination. Patchy mucosal
ischemia was seen in endoscopic examination. Despite
the findings of an acute abdomen, a non-surgical
approach with nasogastric decompression, antibiotic
therapy, and close radiologic and endoscopic followup was preferred in the presented case. Clinical and
radiologic findings decreased dramatically on the first
day, and endoscopic findings gradually disappeared
over 7 d. In conclusion, this case shows that chronic
use of a SC may cause AGD and accompanying HPVG,
which can be managed non-surgically despite the
findings of acute abdomen.
Key words: Acute abdomen; Acute gastric dilatation;
Bonzai; Synthetic cannabinoid; Hepatic portal venous
gas
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first case of acute gastric dilatation
and accompanying hepatic portal venous gas presenting
as acute abdomen as a result of chronic use of a
synthetic cannabinoid, Bonzai. Despite the findings of
acute abdomen, this type of patient can be managed
non-surgically with wide spectrum antibiotic therapy
and close radiologic and endoscopic follow-up.
Sevinc MM, Kinaci E, Bayrak S, Yardimci AH, Cakar E, Bektaş
H. Extraordinary cause of acute gastric dilatation and hepatic
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A

INTRODUCTION
Despite the presence of some therapeutic effects of
cannabinoids (also called cannabis), addiction to these
substances has been known for many decades, and
[1]
it is a common health problem worldwide . Chronic
use of cannabinoids or synthetic derivatives have
many negative effects on human health, such as
pulmonary, endocrine, and cardiovascular pathologies,
[1,2]
as well as cognitive and behavioral disorders . The
gastrointestinal tract is another target of cannabinoids.
Their effects on the gastrointestinal system are
mediated by specific receptors in the brain and intestinal
[3]
tract . Delayed gastric emptying and hyperemesis
are defined gastric pathologies of chronic cannabinoid
[2,4]
use , but the extent of gastric effects of cannabinoids
are not predictable. We describe an extraordinary case
of a young man and his interesting clinical course after
being admitted to the emergency room with the signs
of acute abdomen.

CASE REPORT
A 29-year-old man was admitted to the emergency
room with abdominal distension and gradually in
creasing pain over the previous 2 d. In his history,
he had been using Bonzai regularly over the last 5
years and was undergoing treatment for addiction.
Physical examination revealed abdominal distension,
tenderness, defense, rebound, nausea and vomiting.
At admission, the laboratory findings were as follows:
3
white blood cell count 18200/mm , hemoglobin 14.2
3
g/dL, platelet count 208000/mm , glucose 240 mg/
dL, amylase 382 U/L, aspartate transaminase 25 IU/
L, alanine transaminase 17 IU/L, lactate dehydroge
nase 224 U/L, and C-reactive protein 27.7 mg/L.
An abdominal X-ray showed a very large amount of
gas in the fundus. Nasogastric decompression was
applied and approximately 6 L of brownish black fluid
was discharged. Computerized tomography (CT)
examination revealed a huge stomach, elongated
towards the pelvis, and accompanying hepatic portal
venous gas (HPVG) was detected (Figure 1). There
was no evidence of perforation of the luminal organs.
Emergency upper gastrointestinal endoscopy was
performed immediately. Endoscopic examination
showed severe mucosal edema and patchy ischemic
areas all around the stomach (Figure 2). The patient
was hospitalized and followed up with close radiologic
and endoscopic surveillance under wide-spectrum
antibiotic therapy, despite the presence of findings of
acute abdomen.
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B

Figure 1 Abdominal computerized tomography shows massive gastric
dilatation and hepatic portal venous gas at presentation. A: Coronal section; B:
Transverse section.

After 24 h, endoscopic findings were almost the
same, but clinical findings and HPVG in CT were
dramatically decreased (Figure 3). There was a small
amount of free peritoneal fluid. A sample was taken
from this fluid, with guidance of ultrasonography, and
there was no growth in culture.
Nasogastric decompression, antibiotic therapy
and serial upper gastrointestinal endoscopy were
continued, and all the clinical, radiological, and
th
endoscopic findings regressed completely by the 7 d.
th
The patient was discharged on the 8 d.

DISCUSSION
Although cannabinoids have some therapeutic features,
chronic use can cause addiction and many deleterious
[1]
effects . More than 10 different products are available
containing SCs, such as Bonzai aromatic potpourri,
Bonzai plant growth regulator, Bonzai Cuba, Bonzai
black diamond, Spice, K2, Jamaican gold, and Yucatan
[5]
fire . Addiction to this type of product has been
growing in young adults. According to the World Drug
Report from the United Nations Office on Drugs and
Crime, SCs have been the leading new psychoactive
[6]
substances worldwide . SCs were introduced into
Turkey in 2010, and these products have become
[5]
increasingly common in the country .
SCs mimic the effects of natural cannabinoids by
binding to the cannabinoid binding (CB) receptors.
Although CB1 and CB2 receptors are found mainly
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Figure 2 Patchy ischemia of gastric mucosa in emergency upper gastrointestinal endoscopy at presentation. A: Entry to stomach; B: Pylorus; C: Corpus,
view of retroflexion; D: Cardia, view of retroflexion.

Figure 3 Transverse section of abdominal computerized tomography after
24 h. Hepatic portal venous gas and gastric dilatation regressed dramatically.

in neurons and immune cells, respectively, there is
evidence for the presence of these receptors along
[3]
the gastrointestinal tract . The inhibitory effect of
cannabinoids and CB1 receptor agonists on gastric
motility and contractility has been shown in ani
[7,8]
mal studies . Clinically, cannabinoids have been
used to treat hyperemesis in patients undergoing
chemotherapy, and this effect is mediated by CB1
[9]
[10]
receptors . Paradoxically, Choung et al
and Allen
[4]
et al have reported an association between chronic
cannabinoid use and cyclical hyperemesis. Additionally,
cannabinoids can affect the lower esophageal sphincter
by binding to CB1 receptors within the nucleus tractus
[11]
solitarius . As shown, there are different aspects of
the effects of cannabinoids on the stomach. In the
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present case, we saw an extraordinary presentation
of chronic SC use. According to our knowledge, this
is the first case of acute gastric dilatation and hepatic
portal venous gas resulting from SC use. Although, the
pathogenesis of AGD is generally not clear, we thought
that, in our case, this process should be mediated by
binding to CB1 receptors.
HPVG is recognized, not as a specific disease
entity, but rather as a diagnostic clue in patients with
underlying acute abdominal pathology. The diagnostic
features of HPVG on CT imaging include: branching
lucencies extending to within 2 cm of the liver capsule,
predominantly in the anterior-superior aspect of the left
[12,13]
lobe
. An association of AGD and HPVG is extremely
rare; there are few cases reported in the literature. In
[13]
1985, Radin et al reviewed very early reported cases.
Of four AGD-HPVG cases, conservative treatment with
nasogastric decompression was successful in three
[13]
cases . In more recent reports, surgical exploration
[14-16]
was associated with successful results
. The pa
thogenesis of HPVG is also not clear. There are two
hypotheses regarding its cause; microbe-derived
[17]
gas production and absorbed intraluminal air . We
could not determine the precise cause of HPVG in
our case. In the literature, necrotizing enterocolitis,
bowel necrosis, digestive tract dilatation, inflammatory
bowel disease, gastric ulcer, cholangitis, pancreatitis,
and endoscopic interventions have been reported as
[18,19]
a cause of HPVG
. Whatever the mechanism, it
is now clearly known that the prognosis is related to
the primary pathology and is not influenced by the
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presence of HPVG .
The stomach is resistant to ischemia and necrosis
due to the rich collateral blood flow. However, if a
sudden increase in gastric pressure occurs, gastric
[20]
ischemia, necrosis, and perforation can occur . In our
case, we endoscopically detected mucosal ischemia,
which was an indicator of impaired perfusion of the
stomach. However, there was no evidence of vascular
pathology (thrombus or embolus) or obstruction of
the tract. There are some challenges in deciding to
perform surgery or follow-up due to the chronic use of
[1,21]
SC, which has deleterious effects on other organs
.
We finally opted for close clinical, radiologic, and
endoscopic follow-up.
In conclusion, this is an extraordinary case of AGD
with gastric mucosal ischemia and HPVG resulting
from chronic use of a SC. Although the patient’s clinical
diagnosis included acute abdomen, which is a specific
indication for surgical exploration, a conservative
approach of nasogastric decompression, wide spe
ctrum antibiotic therapy, and daily endoscopic followup was successful. In patients with AGD without
vascular or obstructive pathologies, the presence of
HPVG and even gastric mucosal ischemia should not
be considered as a particular indication for emergency
surgery.
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Experiences and lessons

This case report presents an extraordinary result of chronic use of synthetic
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recommend that abdominal CT and upper GI endoscopy should be first-line
modalities for diagnosis, and conservative therapy with close endoscopic followup should be considered as first choice for treatment.
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Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
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Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
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having recurring disease even after radical surgery and
postoperative adjuvant chemotherapy. Chemotherapy
in metastatic disease is palliative at best, aiming at
disease and symptom control and prolongation of life.
Treatment always causes side effects, the degree of
which varies from patient to patient, depending on the
patient’s general condition, concomitant morbidities
as well as on the chosen treatment modality. Why is
pancreatic cancer so resistant to treatment? How to
best help the patient to reach the set treatment goals?
Key words: Pancreatic cancer; Chemotherapy; Palliative
treatment; Prognosis; Side effects
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prognosis of metastatic pancreatic
adenocarcinoma is poor. Chemotherapy is palliative
at best. Some patients benefit from treatment, while
some have rapidly progressing treatment-resistant
disease. There are several options for single-agent and
combined treatment. Some patients may even gain
benefit from treatment in second and even further
lines and live substantially longer than average. Why is
pancreatic cancer so resistant to treatment?
Korkeila EA. Advanced pancreatic cancer - how to choose
an adequate treatment option. World J Gastroenterol 2015;
21(38): 10709-10713 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10709.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10709

Abstract
The prognosis of pancreatic adenocarcinoma is
poor, making it one of the leading causes of cancerrelated death. The 5-year overall survival rate remains
below 5% and little progress is made during the past
decade. Only about 10%-20% of patients are eligible
for curative-intent surgery and the majority end up
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INTRODUCTION
Why is pancreatic cancer resistant to treatment?

Symptoms of pancreatic adenocarcinoma, including
vague upper abdominal or back pain, nausea, fatigue
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and weight loss, are associated with more advanced
disease. Tumours of the pancreatic head cause icterus,
[1]
which tends to lead to somewhat earlier diagnosis .
There are no effective and sensitive, non-invasive costeffective methods to screen asymptomatic pancreatic
cancer, with the exception of patients who have highrisk precursor lesions, including intraductal papillary
mucinous neoplasms, and pancreatic intraepithelial
[2]
neoplasia . However, among a substantial proportion
of patients the diagnosis is inevitably late, making cure
[3-11]
unreachable
.
Pancreatic cancer is associated with desmoplastic
reaction, i.e., the tumour mass consisting of not
only cancer cells but also of an exceptionally high
percentage of stromal cells, namely fibroblasts and
inflammatory cells, as well as a substantial amount
[1,12,13]
of rigid extracellular matrix
. These factors
result in inadequate blood and lymphatic vessels as
well as poor vascularisation and hypoxia, leading
to poor delivery of chemotherapeutic agents, as
[12]
[13]
focused by Chu et al and Feig et al . These microenvironmental factors, together with several genetic
mutations, among them KRAS, and SMAD4, AKT,
MYC and P13K as well as tumour suppressor genes
TP53 and PTEN, support tumour growth and survival,
making pancreatic cancer one of the most lethal
[12-14]
human malignancies
.

FIRST-LINE CHEMOTHERAPEUTIC
OPTIONS
Gemcitabine

Gemcitabine is a nucleoside analogue that blocks
[1]
DNA replication . Gemcitabine was compared to
5-fluorouracil (5-FU) in a randomized phase Ⅲ trial
of 126 patients diagnosed with advanced pancreatic
cancer. Treatment efficacy was analyzed using clinical
benefit response, consisting of pain evaluation,
Karnofsky performance status and weight. Clinical
benefit rate and median survival were superior among
patients treated with gemcitabine as compared with
5-FU (23.8% vs 4.8%, P = 0.0022; 5.65 mo vs 4.41
[15]
mo, respectively) . Thereafter, gemcitabine has
been the mainstay of treatment in pancreatic cancer.
The general side effects of treatment, including fever,
infection and elevation of liver enzymes are usually
transient and easily manageable. Hemolytic-uremic
syndrome is a rare, serious side effect, which can be
[16]
fatal .

Gemcitabine combinations

Gemcitabine combined with either 5-FU, cisplatin,
oxaliplatin, or capecitabine has been studied in
several trials, but no statistically significant survival
advantage has been shown in pre-nab-paclitaxel[17-21]
era
. A randomized phase Ⅲ study reported by
Cunningham and colleagues, showed higher response
rate and progression-free survival for the combination
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treatment as well as a trend for superior overall
survival. However, in a meta-analysis a survival benefit
[22]
could be reached .

Combination chemotherapy without gemcitabine

The PRODIGE group trial randomized 342 patients with
good performance status (Zubrovsky 0/1) diagnosed
with metastatic pancreatic cancer to receive either a
combination of oxaliplatin, irinotecan, leucovorin, 5-FU
bolus and 5-FU continuous infusion (FOLFIRINOX)
or single gemcitabine. FOLFIRINOX treatment was
associated with a statistically superior overall survival
as compared to gemcitabine (11.1 mo vs 6.8 mo,
HR = 0.47, P < 0.001). Combined treatment was,
however, associated with a higher incidence of
grade 3-4 side effects, including neutropenia, febrile
neutropenia, thrombocytopenia, diarrhoea and sensory
[23]
neuropathy . Hence, treatment-related toxicity has
limited the use of FOLFIRINOX in everyday clinical
practice in full doses.

Nab-paclitaxel-gemcitabine

Nab-paclitaxel is a nanoparticle albumin-bound
chemotherapeutic agent, which has synergistic effects
[24]
with gemcitabine . MPACT-study randomized 342
patients with metastatic pancreatic cancer to receive
nab-paclitaxel plus gemcitabine or gemcitabine alone.
This study showed the combination treatment to
improve median overall survival (8.5 mo vs 6.7 mo,
[25]
P = 0.000015) , although the survival difference
was more modest than expected on the basis of the
[24]
previous phase Ⅱ trial (12.2 mo) . The side effects
of treatment included fatigue, febrile neutropenia and
reversible sensory neuropathy. However, treatment
effect in the majority of pre-specified subgroups
favoured the combination treatment arm. Moreover,
even patients with less favourable disease features,
including performance status 2, benefited from
[25]
treatment .

Targeted therapy

The addition of bevacizumab or cetuximab to gem
citabine has not shown improvement in survival among
[26-30]
patients with pancreatic cancer
.
Erlotinib is an oral tyrosine kinase inhibitor that
blocks the activity of human epidermal growth factor
[30]
receptor type 1 (HER1/EGFR) . The combination
of erlotinib and gemcitabine was compared to
gemcitabine alone among 569 patients with advanced
[31]
pancreatic cancer in a phase Ⅲ trial . Overall survival
was significantly longer in the combined treatment arm
than gemcitabine alone arm (6.24 mo vs 5.91 mo, P
= 0.038). Patients in the combination arm had higher
incidence of skin rash, infection, diarrhoea, stomatitis
and interstitial pneumonitis. Patients with grade 2
skin rash benefited from the combined treatment,
[31]
as compared with those who developed no rash .
Erlotinib is the only targeted therapy shown to improve
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regimen is chosen, if not used in first-line, although no
[32]
data from randomized phase Ⅲ trials are available .
All patients should receive treatment for their symptoms
and psychological support as needed.

Table 1 Phase Ⅲ trials of combined treatment showing
statistically significant survival benefit in metastatic pancreatic
cancer
Ref.
Moore et al[31]

Primary
endpoint

Treatment
arms

No. of
patients

OS

Gemcitabine +
erlotinib
vs gemcitabine

569

Cunningham et al[22]

OS

Gemcitabine +
capecitabine
vs gemcitabine

Conroy et al[23]

OS

FOLFIRINOX
vs gemcitabine

Von Hoff et al[25]

OS

Nab-paclitaxel
+ gemcitabine
vs gemcitabine
+ placebo

OS (mo)

CONCLUSION

6.24 vs 5.91
HR = 0.82
CI: 0.69-0.99
P = 0.038
533
7.1 vs 6.2
HR = 0.86
CI: 0.72-1.02
P = 0.08
Meta-analysis
935
OS NA
HR = 0.86
CI: 0.75-0.98
P = 0.02
342
11.1 vs 6.8
HR = 0.57
CI: 0.45-0.73
P < 0.0001
861
8.5 vs 6.7
HR = 0.77
CI: 0.62-0.83
P < 0.0001

OS: Overall survival; NA: Not available.

survival so far, albeit the prolongation of life was only
2 wk.

HOW TO CHOOSE? WHAT ABOUT
SECOND LINE?
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Abstract
Approximately 240 million people are chronically
infected with hepatitis B virus (HBV), 75% of whom
reside in Asia. Approximately 600000 of infected
patients die each year due to HBV-related diseases or
hepatocellular carcinoma (HCC). The endemicity of
hepatitis surface antigen in Indonesia is intermediate
to high with a geographical difference. The risk of
HBV infection is high in hemodialysis (HD) patients,
men having sex with men, and health care workers.
Occult HBV infection has been detected in various
groups such as blood donors, HD patients, and HIVinfected individuals and children. The most common
HBV subgenotype in Indonesia is B3 followed by
C1. Various novel subgenotypes of HBV have been
identified throughout Indonesia, with the novel HBV
subgenotypes C6-C16 and D6 being successfully
isolated. Although a number of HBV subgenotypes
have been discovered in Indonesia, genotyperelated pathogenicity has not yet been elucidated
in detail. Therefore, genotype-related differences in
the prognosis of liver disease and their effects on
treatments need to be determined. A previous study
conducted in Indonesia revealed that hepatic steatosis
was associated with disease progression. Pre-S2
mutations and mutations at C1638T and T1753V in
HBV/B3 have been associated with advanced liver
diseases including HCC. However, drug resistance to
lamivudine, which is prominent in Indonesia, remains
obscure. Although the number of studies on HBV in
Indonesia has been increasing, adequate databases
on HBV infection are limited. We herein provided an
overview of the epidemiology and clinical characteristics
of HBV infection in Indonesia.
Key words: Hepatitis B virus; Epidemiology; Prevention;
Clinical characteristics; Indonesia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Hepatitis B virus (HBV) infection is an
important public concern and its prevalence varies
greatly in different parts of the world. The high
prevalence of HBV in Indonesia highlights the need
to improve prevention and control measures because
few evidence-based prevention strategies are currently
available. Although studies on HBV in Indonesia are
increasing, it is still not fully understood. We herein
reviewed epidemiologically important aspects of HBV
infection in Indonesia.
Yano Y, Utsumi T, Lusida MI, Hayashi Y. Hepatitis B virus
infection in Indonesia. World J Gastroenterol 2015; 21(38):
10714-10720 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10714.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10714

INTRODUCTION
Hepatitis B virus (HBV) infection is associated with a
diverse range of liver damage including asymptomatic
carriers, chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma (HCC). Approximately 240
[1]
million people are chronically infected with HBV , 75%
[2]
of whom reside in Asia . Approximately 600000 of
infected patients die each year of HBV-related diseases
[3]
or HCC . The prevalence of HBV infection varies
according to the geographic region, and is categorized
as high (≥ 8%), intermediate (2%-7%), or low (<
2%) endemicity. The endemicity of HBV in Indonesia
[4,5]
is moderate to high , ranging from 2.5% to 10% for
[2,5,6]
hepatitis B surface antigen (HBsAg)
. HBV has been
classified into at least 9 genotypes (A through H and
J) and has been shown to have a distinct geographical
[7,8]
distribution . The most common HBV subgenotype
[9]
is HBV B3 (HBV/B3), followed by HBV/C1 ; however,
various novel genotypes have been detected in
Indonesia.
Indonesia is the largest archipelago in the world,
consisting of five major islands and approximately 30
smaller groups. The archipelago is located between
two oceans, the Pacific and Indian oceans, and bridges
two continents, Asia and Australia. This strategic
position has influenced the serological and virological
aspects of HBV infection (Figure 1). Although the
number of studies conducted on HBV in Indonesia
has increased, adequate databases on HBV infection
[10]
are still limited . The epidemiology of HBV remains
[11]
obscure in Indonesia . Therefore, we herein provided
an overview of HBV infection among the Indonesian
population.

PREVALENCE OF HBV INFECTION AND
RISK FACTORS IN INDONESIA
The prevalence of chronic HBV infection varies greatly

WJG|www.wjgnet.com

in different areas of the world and the prevalence
of chronic HBV infection can be categorized as high,
intermediate, or low endemicity. Table 1 shows the
prevalence of the HBsAg in not only the general
population, but also risk groups such as commercial sex
workers (CSW) and men having sex with men (MSM).
The prevalence of HBV in the general population in
[12]
Indonesia is higher than that of HCV (2%) , with the
[13]
highest rates being reported in Makassar (7.1%)
in
Sulawesi Island and the lowest rates being reported
[14]
in Jakarta (4.0%)
in Java Island; however, another
study reported that the prevalence of HBV in Jakarta
[15]
was 5.8% in the general population . Hasan
previously reported that the prevalence of HBV infection
in the general population was the highest in Pontianak
[5]
(9.1%) in the Kalimantan Island . Furthermore, the
prevalence of HBsAg was markedly higher in habitants
in the highland of Papua (12.8%) and North Sulawesi
[16]
(33.0%) . The prevalence of HBsAg in pregnant
women was found to be the same as that in the
[17,18]
general population in Indonesia
. These findings
demonstrated that the endemicity of HBsAg among the
general population in Indonesia is intermediate to high,
[2,19]
as reported previously
.
HBV infection was not detected in children in
Tahuna, North Sulawesi, and Surabaya, East Java,
suggesting the efficacy of Hepatitis B (HB) vaccinations
[11,20]
in pre-school children
.
The highest risk group of HBV infection was
previously reported to be hemodialysis (HD) patients
[12]
[21]
(11.2%) in Yogyakarta , followed by MSM (9.8%)
in Solo in the Java Island (Table 1). The prevalence
of HBV/HIV co-infection was found to be higher than
[22-24]
that of HBV infection alone in Indonesia
as well
as in neighboring countries such as Vietnam and
India. The incidence of HIV and HBV burden are
[22,23,25]
currently increasing in Indonesia
; however, no
HBV/HIV co-infection cases have been identified in
[26]
CSW . The prevalence of HBsAg has been classified
[27]
as high endemicity (8.8%) in health care workers
and intermediate endemicity in staff in HDU (5.7%)
throughout Indonesia (Table 1). A previous study
also revealed that the prevalence of HBsAg was
high among medical employees in Padang (11.2%),
[5]
Mataram (13.3%), and Irian Jaya (13.3%) .
Many unique animals exist in Indonesia because
of its specific ecosystem. Gibbons in Kalimantan were
previously reported to be infected with HBV having
[28]
their own genotype .

OCCULT HBV INFECTION
Occult HBV infection (OBI) is defined as the presence
of HBV DNA in the serum and/or liver tissue of
individuals with HBV core antibodies (anti-HBc) without
[29]
HBsAg . Several studies have been conducted on
OBI in Indonesia. OBI was detected in 8.1% of blood
donors with amino acid mutations (T123A, M133L,
and T143M) in the a determinant of HBsAg, which
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Sulawesi
Papua

Kalimantan

Sumatra

Java

Figure 1 Map of Indonesia. Indonesia is the largest archipelago in the world, consisting of five major islands and approximately 30 smaller groups.

Table 1 Prevalence of hepatitis B surface antigen and risk factors in Indonesian populations
Region

Prevalence (%)

Subject

4.7
4.0
5.8
2.2
4.0
9.8
3.2
11.2
5.7

Pregnant women
General population
General population
Parturient women
CSW
MSM
Drug abuser inmates in prisons
HD patients
Staff in HDU

B3, C1
B3
B3

HBV carriers

C1, B3

Siburian et al[9], 2013

4.6

General population

B, C

Darmawan et al[32], 2015

4.9
7.1
1.9

General population
General population
Pregnant women

C5

Achwan et al[11], 2007
Amirudin et al[13], 1991
Surya et al[18], 2005

4.6

General population

C6, D6, B3

Lusida et al[36], 2008

Java
Bandung
Jakarta
Jakarta
Jakarta
Surabaya
Solo
Four prisons in Central Java1
Yogyakarta
Sumatra
Padang
Kalimantan
Banjarmasin
Sulawesi
Tahuna
Makassar
Bali1
Papua
Jayapura

Main genotype

Ref.
Reniers et al[17], 1987
Akbar et al[14], 1997
Budihusodo et al[15], 1991
Gunardi et al[6], 2014
Kotaki et al[26], 2013
Prasetyo et al[21], 2014
Prasetyo et al[10], 2013
Rinonce et al[12], 2013

1

Exact place is not mentioned. MSM: Men having sex with men; CSW: Commercial sex workers; HD: Hemodialysis; HDU: Hemodialysis unit.

[30]

resulted in changes in predicted antigenicity .
Several OBI cases were detected among school
children with the variant T126I, which may be one of
the viral mechanisms helping the virus to escape from
[31]
current HB vaccines in Indonesia . In Banjarmasin,
Kalimantan, OBI was identified in healthy young adults
[32]
with 13 amino acid substitutions . Awareness of
the reactivation of OBI has increased in Indonesia,
[33]
especially in HBV endemic areas . A total of 27.1%
and 14.7% of HIV-infected individuals and HD patients,
[12,22]
respectively, were considered to have OBI
,
suggesting that the prevalence of HBV infection
regardless of HBsAg was high in immunosuppressive
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patients.

HBV GENOTYPES/SUBGENOTYPES IN
INDONESIA
HBV is currently grouped into at least 9 genotypes (A
[34]
through H and J, with I still being controversial) .
The HBV sequence is characterized by more than
8% nucleotide (nt) differences for genotypes and
4%-8% for subgenotypes. The most common HBV
subgenotype in Indonesia is HBV/B3, followed by HBV/
[35,36]
C1
(Table 1), with various novel subgenotypes
of HBV being identified throughout Indonesia. Ten
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novel HBV subgenotypes (HBV/C7-C16) were isolated
[37-41]
in Indonesia between 2008 and 2012
. HBV/C6,
HBV/C11, and HBV/D6 were identified in a Papuan
[36,40,42]
population
. Genotype J (HBV/J) was detected in
a Japanese patient with HCC who was thought to have
been infected in Kalimantan, Indonesia, during World
[28,43]
War Ⅱ
. HBV isolates from subjects from Sulawesi
clustered within the HBV/C5, together with known
[11]
isolates from the Philippines and Vietnam . The
distribution of genotypes/subgenotypes varies even
in different regions of a country, which may partly be
related to the ethnic origin of the infected patients.

PREVENTION
The most significant achievement in the prevention
of HB is the implementation of a universal infant
vaccination for HB. The HB universal vaccination was
introduced in Indonesia in 1997, with the Indonesian
government attempting to ensure that every newborn
was vaccinated against HBV infection during the
first 7 d of life. The immunization project in Lombok
decreased the prevalence of HBsAg from 6.2% to 1.4%
[44]
among children less than 5 years old . In Surabaya
and North Sulawesi, the prevalence of HBsAg in
[11,20]
preschool children was reported to be 0%
, a result
that was attributed to the universal HB vaccination.
Although the prevalence of HBsAg among children
varies by region, for example, 3.1% in Lamongan in
[31]
East Java
and 4.2% in Papua, the HB vaccination
history is obscure. Since the HB vaccination is one
of the Expanded Program on Immunization projects
being run by the government, communication with
the local government is of great importance for better
practices.

CHARACTERISTICS OF CHRONIC HBV
INFECTION IN INDONESIA
Previous studies revealed that the clinical characteristics
of chronic HB (CHB) differed among genotypes, and
the prognosis of genotype B was better than that of
[45-47]
genotype C
. However, most studies in Asia were
conducted in Taiwan, China, Hong Kong, and Japan.
The main subgenotype in Indonesia is HBV/B3, which
is different from the subgenotypes HBV/B1 and
[48]
HBV/B2 mainly analyzed in other Asian countries .
Furthermore, HBV/C in Indonesia is mainly HBV/C1
in Java and HBV/C6 in Papua, and is different from
HBV/C, which is spreading in East Asian countries
[36,42]
such as China and Japan
. Since most clinical
studies conducted in Indonesia involved patients
with HBV/B, the clinical course of HBV/C in Indonesia
currently remains unclear. Although HCC is prevalent
in Indonesia, further studies are needed to determine
clinical characteristics in relation to the genotypes in
Indonesia.
Recent studies revealed that hepatic steatosis was
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[49]

associated with disease progression . Steatosis was
identified as an independent risk factor for HCC and
the progression of hepatitis was found to be more
[50,51]
rapid in HCV patients with steatosis
. However,
a meta-analysis revealed that hepatic steatosis was
[52]
not related to the clinical course of HBV patients .
A previous study reported that hepatic steatosis was
more strongly associated with genotype C (37.9%)
[53]
[54]
than with genotype B (24.0%) . Lesmana et al
examined 179 CHB patients in Jakarta and found the
prevalence of hepatic steatosis to be approximately
30%. Obesity is a serious social issue in Indonesia,
[55]
as in other countries . However, studies on steatosis
in Indonesia are still limited, and, as such, further
investigations are warranted.
Although the prevalence of HBV and HCV infections
in Southeast Asia including Indonesia is high, clinical
studies remain limited. Lamivudine, adefovir, and
telbivudine, therapeutic drugs for CHB, are currently
covered by health insurance in Indonesia. Although
drug resistance to lamivudine has not yet been
examined, it is common for the cheapest drug,
lamivudine, to be prescribed or antiviral therapy to be
discontinued due to economic reasons. Therefore, the
prevalence of lamivudine-resistant HBV may increase.
Telbivudine, which was recently approved in Indonesia,
was found to be effective for Indonesian HBV carriers.
[56]
Sulaiman et al
reported that HBeAg loss and the
seroconversion rate for HBeAg-positive patients were
28.8% and 14.1% at week 52 of telbivudine therapy,
respectively. Furthermore, undetectable HBV DNA
(PCR negativity) was 51.8% at week 24 and 62.7% at
week 52 of this therapy. However, a large-scale study
has not yet been conducted on interferon therapy for
CHB and, thus, its effectiveness currently remains
unknown.
Previous studies revealed a hepatitis virus co[23]
infection among HIV patients. Anggorowati et al
examined 126 HIV patients in Yogyakarta city and
found that 8% had the HBsAg and were considered
[22]
to be co-infected with HBV. Utsumi et al
examined
118 HIV patients in Surabaya City, and reported
that 15.3% were HBsAg-positive while 27.1% were
positive for HBV-DNA regardless of being HBsAgnegative and were considered to have OBI. These
findings suggested that HBV co-infection including
OBI was frequent among HIV patients and serological
examinations were sometimes insufficient for detecting
co-infections because of a compromised immune
[24]
system. Fibriani et al
recently examined 616 HIV
patients in Bandung city in West Java, found HBV coinfection in approximately 7% of these patients, and
identified the clinical characteristics of co-infection as
being male and having a history of injection drug use.
HBV infection was examined in HD patients.
[12]
Rinonce et al
examined 161 HD patients in
Yogyakarta, and revealed that the prevalence of
HBsAg positivity was 11.8% and also that the viral
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genomes of several strains were identical, suggesting
nosocomial infection.

LIVER CANCER IN RELATION TO HBV IN
INDONESIA
Cancer-related death is a major public health problem
in Indonesia and accounts for the seventh largest
cause of death. According to the Jakarta Cancer
Registry, the ratio of liver cancer between 2005 and
2007 was 1.4 per 100000 (eleventh place) among
women and 4.0 per 100000 (third place) among
[57]
men . On the other hand, HBV is the most common
[58]
[59]
cause of HCC. Sulaiman
and Marwoto et al
firstly
reported in 1985 that the frequency of HBV among
HCC was 67.0%, while Sulaiman showed that it was
[60]
47.6%. Wang et al
examined the epidemiology of
HCC in Japan, India, China, and Indonesia, and found
that the positive prevalences of the HBsAg and HCV
antibody were 21.0% and 40.0% in Indonesian patients
with liver cancer, respectively. HBV is a well-known
oncogenic virus, and previous studies revealed that
the Pre-S mutation, X mutation, and BCP-PC mutation
[61,62]
were associated with hepatocarcinogenesis
. The
Pre-S1 deletion, Pre-S2 deletion, T53C mutation were
found to be related to HCC at the S domain. Utama et
[63]
al
examined the prevalence of the Pre-S2 mutation
among 268 HBV carriers in Bantan, and showed it was
2.7%, 18.2%, 40.9%, and 28.6% in asymptomatic
carriers, chronic hepatitis, liver cirrhosis, and HCC,
respectively, indicating that the Pre-S2 mutation was
an independent factor of progressive liver disease. A
meta-analysis revealed that the X domain including
an A1762T/G1764A double mutant, T1753V, C1653T,
[64]
G1896A, and G1899A were related to HCC .
[35]
Heriyanto et al
compared 40 cirrhosis and liver
cancer patients with 109 chronic hepatitis patients in
Yogyakarta city, and a multivariate analysis identified
being older than 45 years old (OR = 2.61, P = 0.034),
having a C1638T variation (OR = 1074.57, P = 0.005),
and having a T1753V variation (OR = 6.39, P =
0.047) as independent factors participating in disease
progression.

in 6p21.3 and plays an important role in antigen
presentation. Polymorphisms in this region were also
identified not only in Japanese patients, but also in
[66,67]
Chinese patients
. In Indonesian populations,
several SNPs including rs3135363 in HLA-DR,
rs9277535 in HLA-DP, and rs9267665 in a gene-rich
HLA class Ⅲ interval were associated with HB vaccine
[68]
responses . Host factors are also important for HBV
infection and disease progression. Further analyses are
needed to confirm these findings.

CONCLUSION
The endemicity of HBsAg in Indonesia is intermediate
to high with a geographical difference. HD patients,
MSM, and health care workers are at high risk of
HBV infection. OBI has also been detected in various
groups such as blood donors, HD patients, and HIVinfected individuals and children. Appropriate national
immunization programs are required in HBV endemic
countries such as Indonesia in order to reduce HBV
infection. Although a number of HBV subgenotypes
have been discovered in Indonesia, genotyperelated pathogenicity has not yet been elucidated
in detail. Therefore, genotype-related differences in
the prognosis of liver disease and their effects on
treatments are eagerly awaited.
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Abstract
Immune-mediated liver injury is widely seen during
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hepatitis B virus (HBV) infection. Unsuccessful immune
clearance of HBV results in chronic hepatitis and
increases the risk of liver cirrhosis and hepatocellular
carcinoma. HBV-related liver fibrosis (HBVLF), occurring
as a result of HBV-induced chronic hepatitis, is a
reversible, intermediate stage of chronic hepatitis
B (CHB) and liver cirrhosis. Therefore, defining the
pathogenesis of HBVLF is of practical significance
for achieving better clinical outcomes. Recently, the
+
homeostasis of CD4 T cells was considered to be
pivotal in the process of HBVLF. To better uncover
the underlying mechanisms, in this review, we
+
systematically retrospect the impacts of different CD4
+
T-cell subsets on CHB and HBVLF. We emphasize CD4
T-cell homeostasis and the important balance between
regulatory T (Treg) and T helper 17 (Th17) cells. We
discuss some cytokines associated with Treg and Th17
cells such as interleukin (IL)-17, IL-22, IL-21, IL-23,
IL-10, IL-35 and IL-33, as well as surface molecules
such as programmed cell death protein 1, cytotoxic T
lymphocyte-associated antigen 4, T cell immunoglobulin
domain and mucin domain-containing molecule 3 and
cannabinoid receptor 2 that have potential therapeutic
+
implications for the homeostasis of CD4 T cells in CHB
and HBVLF.

Core tip: Hepatitis B virus (HBV)-related liver fibrosis
(HBVLF) is a reversible, intermediate stage of chronic
+
hepatitis B and liver cirrhosis. The homeostasis of CD4
T cells, especially the balance between regulatory T
(Treg) cells and T helper 17 (Th17) cells is pivotal
in HBVLF. Therefore, uncovering the underlying
+
mechanisms of CD4 T cell homeostasis regulating
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HBVLF may help achieve better clinical outcomes.
We discuss Treg and Th17 cell-related cytokines and
surface molecules that may be targeted therapeutically
+
to alter CD4 T-cell homeostasis in chronic HBV
infection.
Cheng LS, Liu Y, Jiang W. Restoring homeostasis of CD4+ T cells
in hepatitis-B-virus-related liver fibrosis. World J Gastroenterol
2015; 21(38): 10721-10731 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i38/10721.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i38.10721

INTRODUCTION
Over 350 million people worldwide are chronically
infected with hepatitis B virus (HBV). According to the
World Health Organization, HBV puts people at high
risk of death from liver cirrhosis (LC) and hepatocellular
carcinoma (HCC), thus causing a heavy global health
burden. HBV is hepatotropic but not cytopathic, and
interactions between HBV, hepatocytes and the host
immune system determine the natural history of
[1]
+
infected individuals . CD4 T cells play key roles in
+
HBV infection. On one hand, CD4 T cells substantially
+
impact the clearance of HBV by aiding cytotoxic CD8
[2]
T cells, B cells and natural killer T cells . On the other
+
hand, CD4 T cells contribute to the pathogenesis of
inflammation progression via production of an array of
[2,3]
pro-inflammatory and pro-fibrotic cytokines .
Liver fibrosis is recognized as a wound-healing
response driven primarily by inflammation in response
[4]
to various parenchymal injuries . HBV-related liver
fibrosis (HBVLF) is a reversible, intermediate stage of
[5]
chronic hepatitis B (CHB) and LC . As conventional
+
subsets of CD4 T cells, T helper 1 (Th1) and Th2
cells are well-known. Th1 cells produce high levels of
interferon γ (IFN-γ), which helps to develop an efficient,
specific antiviral immune response and attenuate tissue
[6,7]
fibrosis . Th2 cells produce interleukin (IL)-4, IL-5 and
IL-13, which suppress Th1 cells, resulting in persistent
HBV replication and chronic liver immunopathology,
[6-8]
and are directly involved in fibrogenesis . However,
detailed study of the immunity of liver fibrosis has
shown that the Th1/Th2 dichotomy is not appropriate.
+
Nowadays, the crucial roles of newly-identified CD4
T-cell subsets are widely recognized and extensively
researched in the progression of CHB.

CD4+ T-CELL SUBSETS AND THEIR
IMPACT ON HBV-RELATED CHRONIC
HEPATITIS AND LIVER FIBROSIS
On the basis of characteristic transcription factors,
unique cytokine profiles and discrete functional
+
properties, CD4 T cells can be subdivided into new
subsets. These include Th17, Th9, Th22, T follicular
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helper (Tfh) and regulatory T (Treg) cells, in addition
to the conventional Th1 and Th2 cells.

Th17 cells

IL-17 and its potential role in immunity were discovered
[9]
two decades ago , then Th17 cells were defined as
[10,11]
an independent lineage of T-helper cells in 2005
.
Since then, IL-17 and Th17 cells have been extensively
studied to define their properties and roles. At present,
the pathogenic role of Th17 cells in promoting liver
[12-15]
injury and fibrosis is widely recognized
. Circulating
and intrahepatic Th17 cell numbers are increased in
HBV-infected patients with CHB or HBV-related acuteon-chronic liver failure (ACLF), and IL-17 expressions
positively related to the severity of liver injury and
[12,13]
inflammation progression
. Th17 cell numbers also
increase with the severity of liver fibrosis in humans
[14,15]
and mice
.
Until now, the role of Th17 cells in the pathogenesis
of liver fibrosis has not yet been fully elucidated.
Several studies have found that IL-17 affects hepatic
stellate cells (HSCs), by recruiting neutrophils and
[14-17]
monocytes
. However, the whole is greater than
+
the sum of its parts. When naïve CD4 T cells are
exposed to transforming growth factor (TGF)-β and
IL-6 during antigen activation, the cells upregulate the
Th17 cell-specific transcriptional factor retinoid orphan
nuclear receptor γt (RORγt) and differentiate into Th17
[10,11]
cells
. In addition, IL-21 may allow amplification of
Th17 cells with or without IL-6 and TGF-β, and IL-23 is
indispensable for the proliferation and function of Th17
[18-22]
cells
. After activation, Th17 cells secrete a mixture
of cytokines including IL-17, IL-21, IL-22, IL-6, IL-9
and tumor necrosis factor α (TNF-α). Although most
Th17 cell-mediated pathogenic effects are attributed to
IL-17, the impact of Th17 cells is more complex than
IL-17-mediated effects.
IL-22 is produced primarily by Th17 cells, and
exerts hepatoprotective or pathological effects
under different settings of liver diseases, such as
acute liver damage induced by carbon tetrachloride
(CCl4), concanavalin A or Fas ligand, alcoholic liver
diseases, and chronic hepatitis caused by HBV or
[23-26]
[26]
hepatitis C virus (HCV) infection
. Zhao et al
found that IL-22 was positively related to hepatitis
and fibrosis in HBV-infected patients with LC, and
using an HBV transgenic mouse model, the authors
suggested that IL-22 exacerbated chronic hepatitis
[26]
and fibrosis by promoting Th17 cell recruitment .
Other researchers have noted that the predominance
of IL-22’s pathological functions over its protective
functions in patients with HBV was due to the cytokine’s
ability to upregulate chemokine expression to recruit
[23]
inflammatory cells into the liver . However, there are
also some researchers have observed that the levels of
IL-22 were significantly reduced in severe liver injuries
[27]
during CHB .
Another important Th17 cell-related cytokine
is IL-21. Recent studies have indicated that both
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+

+

-

circulating IL-21 CD3 CD8 T cell numbers and intra
hepatic IL-21 levels are correlated with the severity of
liver damage in patients with active CHB, HBV-related
[28-30]
LC and HBV-related ACLF
. In addition, IL-21
causes HSC activation in vitro, thus facilitating the
[29]
fibrogenesis of LC .
The effects of Th17 cells in HBV-related liver
injury and fibrosis are comprehensive, and need
to be further elucidated. Moreover, there are still
mysteries surrounding Th17 cells. Apart from the
integrated effects of Th17-related cytokines, other
sources of these cytokines [such as IL-17 produced by
neutrophils, natural killer T (NKT) cells, macrophages,
and γδT cells] may make it difficult to define the exact
[31]
roles of Th17 cells in liver fibrosis . In recent years,
the plasticity of Th17 cells during inflammation has
[32,33]
been widely reported
, revealing the importance of
+
crosstalk between different CD4 T-cell subsets.

Treg cells
+

+

+

CD4 CD25 Treg cells are a lineage of CD4 T cells
characterized by production of TGF-β and expression
[34]
of the transcription factor Forkhead box P3 (FoxP3) .
Treg cells exhibit immunosuppressive and self-tolerant
functions by direct cell contact and by secreting
inhibitory cytokines such as IL-10, TGF-β and IL-35.
IL-10 can inhibit Th1 and Th2 cell responses through
[35]
antigen-presenting cells . IL-10 can also prevent the
induction of Th17 cell responses, but cannot suppress an
[36]
established Th17 cell-mediated chronic inflammation .
During HBV-related disease progression, IL-10 may
serve as a negative feedback mechanism to regulate
[37]
pro-inflammatory Th17 cell responses . Moreover,
activated HSCs produce IL-10, which constrains the
cells’ ability to produce collagen, thereby blocking the
[38]
progression of liver fibrosis .
IL-35 is a novel inhibitory cytokine produced
by Treg cells, and has been receiving increasing
[39,40]
[41]
attention
. However, Bardel et al
argued that
Treg cells do not express sufficient levels of IL-35 in
humans. Recent studies have shown that IL-35 can be
+
detected in circulating CD4 T cells from CHB patients
[42,43]
and can inhibit the pathogenesis of HBVLF and LC
.
Many studies have shown that Treg cells are
significantly correlated with HBV infection and the
[44-48]
degree of liver fibrosis
. Treg cell numbers increase
with the number of HBV antigens. The virus also uses
the cells for shelter, avoiding immune attack due to the
[44]
cells’ immunosuppressive activities , while the same
immunosuppressive function works on other cell types
[45]
to alleviate liver injury . Simultaneously, Treg cells
inhibit HSC activation and proliferation, thus limiting
[46,47]
liver fibrosis
. However, the specific actions of Treg
cells in HBVLF remain to be elucidated; in particular,
the increasing evidence that Treg cells can convert to
[49,50]
effector T cells adds complexity to the situation
.

Th9, Th22 and Tfh cells

In the presence of high levels of TGF-β and IL-4, naïve
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+

CD4 T cells differentiate to Th9 cells, which produce
[51]
+
IL-9 . As a newly-identified subset of CD4 T cells, Th9
cells have been studied only in allergic inflammation,
[52]
autoimmune disease and tumor immunity ; the role
of Th9 cells in liver injury is unknown.
Th22 cells predominantly produce IL-22, and
+
develop from naïve CD4 T cells in the presence of
[53]
IL-6 and TNF-α . Th22 cells and intrahepatic IL-22
have been reported to have hepatoprotective effects
[54]
in drug-induced hepatocellular injury . However,
the role of Th22 cells and IL-22 in HBVLF is unknown.
Defining this role may be challenging, since IL-22 is
also produced by other cells, especially Th17 cells.
Tfh cells express high levels of chemokine receptor
5, inducible co-stimulator, programmed cell death
[55]
protein1 (PD-1), and CD40L . Expression of these
surface molecules, along with cytokines IL-4 and IL-21,
allows Tfh cells to regulate T cells and B cells. Recently,
HCC patients were found to have significantly fewer
circulating Tfh cells with impaired IL-21 production
and B cell regulatory properties, compared with HBV[56]
infected LC patients and healthy controls . This
suggests that Tfh cells may negatively involve in the
progression of HBV-associated HCC, but the role of Tfh
cells in liver fibrosis is unknown.

HOMEOSTASIS OF TREG AND TH17
CELLS IN HBVLF
Given the specific roles of Th1, Th2, Th17 and Treg cells
in HBV-related chronic hepatitis and fibrosis, and the
way these subsets affect each other, current studies
mainly focus on the subsets and their homeostasis. Treg
and Th17 cells are the most intensively studied subsets
for HBVLF.

Significance of the balance between Treg and Th17 cells
during HBVLF

As discussed above, Treg and Th17 cells are important
+
CD4 T cell subsets that are developmentally correlated
and functionally reciprocal during inflammation.
Recent reports have proved their close interactions and
transitions. Thus, there is a balance between Treg and
Th17 cells.
In our previous work, we highlighted the signi
ficance of the balance between Treg and Th17 cells in
[3]
the progression of HBVLF . We found that the ratio
Treg/Th17 was negatively related to the severity of
[3]
liver fibrosis . Other researchers found this correlation
in patients with HBV-related LC and mouse models of
[46,47]
liver fibrosis
. A dominance of Th17 cells is closely
[3,46,47]
correlated with liver fibrosis
. In addition, an
imbalance in the ratio was reported in HBV-related
ACLF, and liver injury was alleviated when the balance
[57-59]
was restored
. Several groups found that improved
liver function after transplantation of autologous bone
marrow mesenchymal stem cells might be mediated
[60]
by changes in the Treg/Th17 ratio . Therefore, the
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balance between Treg and Th17 cells is not only of
great significance in indicating the severity of liver
injury, but also has potential therapeutic value.

Mechanisms of the balance between Treg and Th17 cells
regulating liver fibrosis

Recently, a growing number of studies have investigated
the underlying mechanisms where by the Treg/Th17
balance regulates the process of liver fibrosis. When
+
CD4 CD25 cells were co-cultured with HSCs, an antiIL-17 antibody down-regulated - and recombinant
IL-17 upregulated - HSC proliferation and pro-fibrotic
[3]
cytokine production . Using a transwell co-culture
+
+
system, we found that CD4 CD25 Treg cells directly
down-regulated the pro-fibrotic features of HSCs by
cell contact rather than through the release of TGF-β
[3]
or IL-10 . Other researchers found that a Th17 cell
dominance over Treg cells could activate HSCs in CCl4[46]
treated mice with liver fibrosis . Although these
studies have demonstrated the crucial effects of the
Treg/Th17 balance on liver fibrosis through an impact
on HSCs, whether there are other mechanisms remains
to be elucidated.

Regulation of the balance between Treg and Th17 cells

Because the balance between Treg and Th17 cells is
important in the pathogenesis of HBVLF, many studies
have investigated factors that regulate the Treg/Th17
balance in order to achieve better clinical outcomes.
From the perspective of developmental pathways,
TGF-β might be the first candidate for consideration.
High concentrations of TGF-β induce FoxP3 expression
+
in naïve CD4 T cells, driving their differentiation into
[34]
Treg cells . In contrast, TGF-β plus IL-6 or IL-21
induce the expression of RORγt and signal transducer
and activator of transcription 3 (STAT3), promoting
[21]
Th17 cell differentiation . Although several groups
have indicated that TGF-β is dispensable for the
[19,20]
differentiation of Th17 cells
, the modulatory effect
of TGF-β cannot be ignored.
IL-21 suppresses FoxP3 expression and promotes
Th17 cell differentiation by regulating TGF-β sig
[21,61]
naling
. The vitamin A metabolite retinoic acid is a
key regulator of TGF-β-mediated Treg cell differentia
tion and inhibits Th17 cell differentiation by directly
[62]
counteracting the activity of IL-6 . IL-2, together
with TGF-β, can drive Treg cell differentiation, and
IL-2 inhibits Th17 cell differentiation through a STAT5[63]
dependent pathway .
Interactions between Treg and Th17 cells directly
affect their balance. During HBV infection, Treg cells
inhibit Th17 cells, either through Treg cell cytotoxicity
or through inhibitory cytokines such as IL-10, TGF-β or
[42,64,65]
IL-35
. Depletion of Treg cells enhances Th17 cell
[3,64,65]
responses, leading to more severe liver damage
.
Treg cells expressing CD39 have been reported to
[66]
effectively limit Th17 cell-responses .
However, there is accumulating evidence that
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Treg cells also upregulate the production of Th17 cellassociated pro-inflammatory cytokines, mainly IL-17
[67,68]
and IL-22
. The TNF-TNFR2 pathway might play a
[69]
[69]
part in this phenomenon . Zhou et al
found that
Treg cells deficient in TNFR2 support lower production
of IL-17A (also called IL-17) and TNF by co-cultured
Th17 cells. Furthermore, the authors found that
exogenously-generated Th17 cells supported the
expansion and phenotypic stability of Treg cells in vivo
[69]
via the same TNF-TNFR2 pathway . Although the
effects of Th17 cells on Treg cells are unclear in liver
injury, the bidirectional interactions between Treg and
Th17 cells likely affect their homeostasis.
The plasticity of Treg and Th17 cells also affects
their balance. The stability of Treg cells is openly
[70]
discussed . However, multiple groups have shown
that Treg cells secrete IL-17 when activated under
certain conditions, for example, by Toll-like receptor
2 (TLR2), TLR4 or TLR9 and Th17-biasing cytokine
[71-75]
conditions such as IL-6, IL-21, IL-23 or IL-1β
.
These IL-17-producing Treg cells retain expression
[71]
of FoxP3 but lose their suppressive functionality .
However, the lost suppressive function can recover
[71,72]
in vitro
. Whether the ability to secrete IL-17 by
Treg cells can be regarded as plasticity or an adaptive
response remains to be elucidated, but the discovery
+
of IL-17-producing FoxP3 cells supports an additional
mechanism maintaining the balance between Treg and
Th17 cells.
Unlike Treg cells, the plasticity of Th17 cells is widely
reported. During chronic inflammation, Th17 cells
[32,33]
can convert to Th1 or Th2 cells
. Notably, in the
presence of IL-12 and TNF-α, Th17 cells rapidly shift
towards an IFN-γ-producing Th1 cell phenotype, and
[76,77]
lose the capacity for IL-17-production
. Intriguingly,
[78]
Ye et al reported that human tumor-infiltrating Th17
cells from melanoma, ovarian, breast and colon cancers
can express FoxP3 in response to T-cell receptor
stimulation and subsequent epigenetic modification and
+
gene reprogramming. In these studies, the FoxP3 cells
derived from tumor-infiltrating Th17 cells had potent
suppressive activity and did not convert back to Th17
[78]
cells under Th17 cell differentiation conditions . These
results provide another example of Th17 cell plasticity,
although whether this Th17-to-Treg cell event occurs in
vivo remains to be determined.

IMPLICATIONS FOR HBVLF TREATMENT
STRATEGIES
Current treatment strategies for chronic HBV infection
primarily target the virus directly or attempt to restore
an effective antiviral immune response. As for the
process of HBVLF, the inappropriate immune response
+
induced by CD4 T cells is responsible for causing the
disease. Treatment strategies aimed at mitigating or
even eliminating the progression of inflammation and
+
fibrosis can focus on the homeostasis of CD4 T cells,
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Table 1 Role of Treg and Th17 cell-related interleukins in chronic hepatitis
Treg and
Th17-related
interleukins
IL-17
IL-21
IL-23
IL-22
IL-10
IL-35
IL-33

+

Cellular sources

Roles in CD4 T cell differentiation and
function

Roles in liver inflammation and
fibrosis

Th17, neutrophils, NKT cells,
macrophages, gdT cells
Th17, Tfh, NKT cells

Characteristic cytokine of Th17 cells: proPro-inflammatory
Pro-fibrotic
inflammatory
Promotes differentiation of Th17 cells;
Promotes HBV-related liver injury
Inhibits differentiation of Treg cells
and fibrogenesis
DCs, macrophages
Promotes Th17 cell proliferation and
Promotes HBV-related liver injury
stabilizes effector Th17 cells
Th17, Th22, activated NK and NKT Characteristic cytokine of Th22 cells: pro- Hepatoprotective? Pro-inflammatory?
cells
inflammatory
Pro-fibrotic? Anti-fibrotic?
Treg, hepatocytes, Kupffer cells, Inhibits Th1, Th2, Th17 cell differentiation
Anti-inflammatory
Anti-fibrotic
LSECs, HSCs, Breg
and cytokine production
Treg, Breg
Immunosuppressive
Anti-inflammatory
Anti-fibrotic?
LSECs, activated HSCs
Promotes Th2 differentiation and
Pro-fibrotic
Anti-inflammatory?
cytokine production;
Increases Treg cells?
Activates Tfh cells?

Ref.

[6-8,10,31]
[18,21,28-30]
[22,80]
[23,24,26,27]
[35,38,81]
[30,31,33,34]
[86-88,90,91]

Treg: Regulatory T cells; Tfh: T follicular helper cells; HBV: Hepatitis B virus; NK: Natural killer cells; NKT: Natural killer T cells; DCs: Dendritic cells; Breg:
Regulatory B cells; LSECs: Liver sinusoidal endothelial cells; HSCs: Hepatic stellate cells.

Table 2 Role of surface molecules in chronic hepatitis
Surface
Expression on T cells and
+
molecules
CD4 T cell subsets
PD-1
TIM-3

CTLA-4

CB2

CD8+ T cells
CD4+ T cells
CD8+ T cells
CD4+ T cells
Treg cells
Activated
CD4+ T cells
Treg cells
CD4+ T cells
CD8+ T cells
Th17 cells

General effects
Inhibits T cell activation;
Maintains tolerance
Inhibits T cell activation;
Maintains tolerance
Inhibits CD4+ T cell overactivation;
Maintains tolerance
Immunoregulatory: proinflammatory or antiinflammatory;
Anti-fibrotic

Role in liver inflammation and
fibrosis

+

CD4 T cell response to
blocking

Causes exhaustion of HBV-specific
Partially-revived
CD8+ and CD4+ T cells
proliferation and function
Promotes progression of HBV
Revived more (blocked
infection
with PD-1)

Ref.
[96-98,104]
[99,100,102-104]

Promotes persistence of HBV and
progression of HBV infection

Unknown

[105,107,109,110]

Anti-inflammatory;
Anti-fibrotic;
Hepatoprotective?

Decreased frequency and
function of Th17 cells

[112-114]

PD-1: Programmed cell-death protein 1; CTLA-4: Cytotoxic T lymphocyte-associated antigen 4; TIM-3: T-cell immunoglobulin domain and mucin domaincontaining molecule 3; CB2: Cannabinoid receptor 2; HBV: Hepatitis B virus.

in particular the balance between Treg and Th17 cells.
Any treatment that achieves an anti-fibrotic effect
by targeting Treg and/or Th17 cells has potential
therapeutic value for chronic HBV-induced liver injury.
As described above, the treatment can work in different
ways: cell development, cell function, or cell conversion.
In this section, we mainly concentrate on Treg/Th17 cell
function, discussing the cytokines (table 1) and surface
molecules (table 2) that regulate the homeostasis of
+
CD4 T cells.

Interleukins associated with Treg and Th17 cells

IL-17A: IL-17A is the dominant member of Th17
cell-associated cytokines. As discussed above, IL17A levels correlate positively with hepatitis and the
severity of liver fibrosis. Targeting IL-17A has yielded
substantial results in animal models. In our previous
work with concanavalin A-treated mice, blockade
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of IL-17A using an anti-IL-17 monoclonal antibody
markedly down-regulated the expression of α-smooth
muscle actin and decreased the level of serum alanine
aminotransferase (ALT), thus alleviating liver injury
[3]
[17]
and fibrosis . In addition, Tan et al
found that IL17A receptor-deficient mice exhibited decreased proinflammatory cytokine levels, reduced neutrophil
recruitment, and less hepatocellular necrosis in the
CCl4 model than did wild-type mice. Similarly, Meng et
[16]
al
reported that liver fibrosis induced by either bile
duct ligation or CCl4 was reduced in IL-17AR-deficient
[79]
mice. Zheng et al
found that most patients with
HBV-related decompensated cirrhosis who underwent
bone marrow-derived stem cell transplantation
displayed significantly improved liver function, due in
part to decreased levels of IL-17.
IL-21 and IL-23: IL-21 is important in initiating
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[18,21]

and amplifying the differentiation of Th17 cells
.
[21]
Korn et al
observed that Th17 cell-frequencies
were reduced by 50% when IL-21 receptor-deficient
T cells were cultured with IL-6 and TGF-β. The
authors also indicated that IL-21 was one of the most
efficient alternative cytokines to IL-6 in inhibiting
+
TGF-β-driven FoxP3 Treg cell differentiation in IL-6[21]
deficient mice . Another indispensable factor for
Th17 cell differentiation, IL-23 promotes Th17 cell
proliferation and stabilizes Th17 cell function. IL-23or IL-23 receptor-deficient cells failed to stimulate
[22]
enough functional IL-17-producing cells . Wang et
[80]
al
observed high levels of IL-23 and IL-23 receptor
in HBV-infected CHB and ACLF patients, and an IL-23
neutralizing antibody significantly decreased the
production of IL-17 in vitro. Accordingly, the authors
emphasized the importance of IL-23 and Th17 cells in
[80]
HBV-related liver damage .
IL-22: The context-dependent pro- and anti-inflam
matory nature of IL-22 has been described under
[23-26]
. Although
different conditions of liver diseases
several studies showed that administration of IL-22
ameliorates liver fibrosis in mouse models, Zhao et
[26]
al
pointed out that these models had differences
with HBV-induced immune-mediated liver fibrosis.
Using HBV-transgenic mice, the authors observed that
blockade of IL-22 reduced Th17 cell recruitment and
[26]
ameliorated liver inflammation and fibrosis in vivo .
In another HBV-transgenic mouse model, Zhang et
[23]
al found that the severity of liver injury was reduced
by neutralization of IL-22 when splenocytes were
transferred from HBV-immunized mice. The authors
indicated that this effect was not dependent on HBV
inhibition, but instead due to decreased recruitment
of all leukocyte subsets into the liver and reduced
[23]
intrahepatic chemokine expression . The contrasting
effects exhibited by IL-22 in different etiology-induced
immunity need to be clarified in future studies and
maybe of significance for the development of new
therapeutic approaches.
IL-10: IL-10 is an important multi-sourced, anti[35]
inflammatory cytokine . In the liver, IL-10 can
be produced by hepatocytes, Kupffer cells, HSCs,
[81]
regulatory B (Breg) cells, and Treg cells . As
mentioned above, IL-10 can inhibit Th1, Th2 and Th17
[38]
responses as well as restrain activation of HSCs . In
CCl4-treated mice, deletion of the IL-10 gene resulted
[82]
in significantly more severe fibrosis . In addition, in
thioacetamide-treated IL-10 knockout mice, exogenous
administration of IL-10 gene reversed an established
[83]
hepatic fibrosis . Taken together, IL-10 might have
potential for future treatment of HBV infection and liver
fibrosis. However, since IL-10 exhibits broad biological
effects, future studies should also focus on decreasing
the side effects.
IL-35: IL-35 is a novel immunosuppressive cytokine
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produced by Treg and Breg cells, and is being studied
[39,40,84]
for its therapeutic utilities
. Recent studies
showed that IL-35 was negatively involved in the
[42]
pathogenesis of HBVLF and cirrhosis . However,
studies of the association between IL-35 and chronic
HBV infection are still limited. Nowadays, IL-35 is
mainly investigated in autoimmune diseases. One
study on primary biliary cirrhosis showed that in
dominant-negative TGF-β receptor type Ⅱ mice,
deletion of the gene encoding the IL-12p35 subunit,
which deletes IL-12 and IL-35, induced a Th17 cell
response, inhibited a Th1 cell response, and caused
[85]
liver fibrosis . This results suggests that IL-35 might
be closely associated with liver fibrosis.
IL-33: IL-33 belongs to the IL-1 family, and is
associated with liver injury and fibrosis in chronic
[86,87]
hepatitis
. In the liver, IL-33 is made by sinusoidal
[87]
endothelial cells and activated HSCs . Through soluble
receptor ST2, IL-33 promotes Th2 cell responses
and increases production of Th2 cytokines (IL-4, IL-5
[86-88]
and IL-13) in vitro and in vivo
. However, some
researchers have provided evidence that the IL-33/ST2
[89,90]
axis can ameliorate liver inflammation
. In mice
with concanavalin A-induced liver injury, administration
of IL-33 attenuated hepatitis, whereas deletion of
[89,90]
ST2 caused significantly more severe hepatitis
.
[91]
Zhao et al
found that IL-33 might activate Tfh cells,
which facilitate humoral immunity against HBV. The
specific roles of IL-33 need to be further investigated,
+
in particular the influence of IL-33 on different CD4 T
subsets.

Surface molecules on CD4+ T cells
+

CD4 T cells express surface co-inhibitory molecules,
including PD-1, cytotoxic T lymphocyte-associated
antigen4 (CTLA-4), T-cell immunoglobulin domain
and mucin domain-containing molecule 3 (TIM-3),
lymphocyte activation gene 3, and CD244. Upregulation
of these molecules can result in HBV-specific T cell
exhaustion, which is a crucial mechanism in the
deviation of homeostasis of adaptive immunity and
the consequent persistence and progression of HBV
[92,93]
infection
. These co-inhibitory molecules interact
with their ligands expressed on antigen-presenting cells,
then deliver signals which decrease cell proliferation and
[93]
cytokine production . Studies on these co-inhibitory
molecules in HBV infection have focused mainly on
+
exhausted CD8 T cells, but recently more attention
+
has been paid to CD4 T cells in consideration of their
[94]
pivotal roles in cell immunity . Furthermore, the
+
expression of these co-inhibitory molecules on CD4 T
cells was shown to be important in other chronic viral
[95]
diseases such as hepatitis C .
PD-1: PD-1 is a member of the CD28 superfamily, and
exerts a wide range of immunoregulatory roles in T-cell
activation and tolerance through binding to its ligands
[96]
PD-L1 and PD-L2 . Several studies found that high
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+

levels of PD-1 on CD4 T cells are strongly linked to
+
[93,97,98]
exhaustion of HBV-specific CD4 T cells
. Using a
DRB1*01-restricted major histocompatibility complex
[98]
(MHC) class Ⅱ tetramer, Raziorrouh et al found that
+
CD4 T cells had elevated PD-1 expression; moreover,
PD-L1/PD-L2 neutralization reactivated cell proliferation
and partially increased production of IFN-γ, IL-2 and
[98]
TNF-α . Notably, the four patients who responded to
the PD-L1/PD-L2 blockade achieved long-term HBV
suppression, while the other nine patients who failed
to revive T-cell proliferation continued to have high
[98]
viral loads . Blockade of PD-L1/PD-L2 increased the
+
frequencies of HCV-specific CD4 T cells and induced
cell expansion and production of IFN-γ and TNF-α
in vitro, whereas influenza- and Epstein-Barr virus+
specific CD4 T cells did not respond significantly to
[95]
+
the blockade . The responses of CD4 T cells to the
blockade of PD-L1/PD-L2 may differ from different
chronic virus infection. There is limited data on the
relationship between PD-1 expression and progression
[97]
of chronic HBV infection. Xu et al
reported that
although PD-1 expression was upregulated in LC and
HCC, the magnitude was small and there was no
correlation between PD-1 levels and the severity of
liver injury. The role of PD-1 in chronic HBV infection
and related liver fibrosis needs further investigation.
+

+

TIM-3: TIM-3, which is expressed on CD4 and CD8 T
cells, negatively regulates T-cell responses and induces
[99,100]
tolerance through binding to its ligand galectin-9
.
The Tim-3/galectin-9 axis is also essential for the
[100,101]
homeostasis of Treg cells
. Recent studies have
+
indicated that expression of Tim-3 on CD4 T cells is
upregulated in patients with CHB compared to healthy
controls, and TIM-3 levels are positively associated with
[93,102]
the extent of HBV infection
. In addition, the levels
[102]
of Tim-3 are decreased after antiviral treatment
.
[98]
However, Raziorrouh et al
observed a persistent low
level of TIM-3 in CHB patients, and TIM-3 blockade had
+
little influence on CD4 T-cell function. The difference
between these studies might be due to the relative
+
paucity of CD4 T cells and the DRB1*01-restricted
+
+
MHC class Ⅱ tetramer, as DRB1*01 CD4 T cells are
specific only to HBV core epitope 61-80. In a recent
study of mice with chronic lymphocytic choriomeningitis
virus infection, treatment with vinegar-processed floss
of Daphne genkwa, a traditional folk medicine extract,
+
restored function of exhausted virus-specific CD4 and
+
[103]
CD8 T cells . This restoration might have occurred
via down-regulation of PD-1 and Tim-3. Moreover, it
has been reported that targeting both PD-1 and Tim-3
+
is an effective strategy to restore exhausted CD8 T
[104]
cells during chronic viral infection
. Future studies
should focus on the blockade of both TIM-3 and PD-1
+
on HBV-specific CD4 T cells.
CTLA-4: CTLA-4 is expressed on activated and re
+
gulatory CD4 T cells to prevent over-activation and
[105]
maintain tolerance . It is widely reported that CTLA-4
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has a close correlation with HBV infection in promoting
[106-108]
Th2 cell responses
. Several groups found that
CTLA-4 gene polymorphisms might be associated with
[107,109]
HBV progression and viral persistence
. However,
+
expression of CTLA-4 on virus-specific CD4 T cells in
chronic HBV infection is still controversial. Recent years
have witnessed prominent effects of CTLA-4 blocking.
Blockade of CTLA-4 by the monoclonal antibody
tremelimumab has been tested in patients with HCC
and HCV-induced LC, and shown substantial antitumor
[110]
and antiviral effects
. In Propionibacterium acnes
and lipopolysaccharide-induced mouse models of
fulminant hepatitis, all mice injected with adenovirus
encoding a CTLA-4 immunoglobulin construct survived,
whereas most of the control mice died, suggesting that
the construct could be useful for treatment of severe
[111]
liver injury
. Together, these studies have shown
the importance of CTLA-4 in chronic viral infection
and associated disease progression. Future studies
should investigate the correlation of CTLA-4 with the
+
homeostasis of HBV-specific CD4 T cells.
Cannabinoid receptor 2: In addition to co-inhibitory
+
molecules on the surface of CD4 T cells, surface
receptors such as cannabinoid receptor 2 (CB2) have
received attention because of their anti-inflammatory
[112]
and anti-fibrotic properties in mouse liver
. CB2 is
[113]
abundantly expressed on almost all immune cells . In
CB2-deficient mice with bile duct ligation, intrahepatic
Th17 cells and IL-17 levels were increased compared
with wild-type mice, whereas the CB2 agonist JWH-133
reduced the differentiation and function of Th17 cells
[112]
in vitro
. In CB2-deficient mice treated with CCl4,
increased ALT levels and hepatocyte apoptosis, and
delayed liver regeneration were shown, while JWH-133
displayed hepatoprotective property in CCl4 treated
[114]
wild types . Thus, activating CB2 on Th17 cells may
be effective for treatment of liver fibrosis. It will be
interesting to investigate the relation of CB2 with HBV
infection and subsequent diseases.

CONCLUSION
HBVLF is an intricate disease process that cannot
be regulated by a single cytokine or immune cell.
+
The disequilibrium of CD4 T cells contributes to the
disease, and restoring homeostasis may help greatly
to reestablish effective immunity against HBV-related
pathological processes. However, there are still many
problems to be resolved. First, the specific regulatory
+
mechanisms of CD4 T-cell homeostasis, especially the
balance between Treg and Th17 cells, are still not fully
elucidated in the process of HBV-induced liver injury.
Second, the practical situations are not always as good
as in theory, and naturally developing HBV-specific
immunity in CHB patients may not be the same as
that in mouse models. Moreover, how to apply current
findings from mice to humans with good therapeutic
effects and few side effects is always worthy of further
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research.
There is still a long way to go in the restoration of
+
homeostasis of CD4 T cells in HBVLF, but future studies
will be meaningful in elucidating the pathogenesis and
resistance of chronic HBV infection. It is noteworthy
+
that the homeostasis of CD4 T cells is only part of the
immunoregulatory network. We should be concerned
+
with the local regulation of CD4 T cells, as well as their
interactions with other cells, especially their links with
innate immunity. For instance, we previously found that
the fibrotic factor high-mobility group box1 (HMGB1), a
damage-associated molecular pattern molecule, could
transmit signals from necrotic cells to innate immune
+
cells and then to CD4 T cells in CHB patients through
[115]
the axis of HMGB1-TLR4-IL-6-Treg/Th17 balance
.
As a result, HMGB1 promotes Th17 cell responses
and inhibits Treg cell responses, thus exerting pro[115]
inflammatory and pro-fibrotic effects
. Therefore,
+
future studies on the homeostasis of CD4 T cells
should include their links with innate immunity.
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Core tip: The mechanisms underlying hepatitis B
virus (HBV)-induced malignant transformation remain
ambiguous, but research has suggested that HBV X
(HBx) protein has a crucial function in the pathogenesis
of hepatocellular carcinoma. This review focuses on
the pathological functions of HBx in HBV-induced
hepatocarcinogenesis.
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Abstract
Many factors are considered to contribute to hepatitis
B virus (HBV)-associated hepatocellular carcinoma
(HCC), including products of HBV, HBV integration
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and mutation, and host susceptibility. HBV X protein
(HBx) can interfere with several signaling pathways
associated with cell proliferation and invasion, and
HBx C-terminal truncation has been suggested to
impact the development of HCC. This review focuses
on the pathological functions of HBx in HBV-induced
hepatocarcinogenesis. As a transactivator, HBx can
affect regulatory non-coding RNAs (ncRNAs), including
microRNAs and long ncRNAs. HBx is also involved in
epigenetic modification and DNA repair. HBx interacts
with various signal-transduction pathways, such as the
p53, Wnt, and nuclear factor-κB pathways. We conclude
that HBx hastens the development of hepatoma.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the third most
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[1]

common cause of cancer mortality . Chronic hepatitis
B virus (HBV) infection has been demonstrated to
be a risk factor for liver carcinogenesis, accounting
for 55% of cases worldwide. Notably, 80% or more
of such cases are found in the eastern Pacific region
and sub-Saharan Africa, areas with the highest tumor
[2,3]
incidence
. The mechanisms underlying HBVinduced malignant transformation remain ambiguous,
but previous research has suggested that HBV X (HBx)
[4]
protein has a crucial role in the pathogenesis of HCC .
Here, we review the molecular mechanisms of HBx in
the pathogenesis of HCC.

HBx gene and HBx protein
HBV is considered to be the smallest DNA virus
and contains a 3.2 kb circular double-stranded viral
DNA genome, including a long minus-strand that is
complementary to viral mRNA sequences and a short
plus-strand. The open reading frame (ORF) of HBx is
465 bp long, from nucleotides 1376 to 1837, and is
translated into a 154 amino acid (aa) protein. The HBx
gene is located upstream of gene C and close to the
sticky end of the viral genome, where it also overlaps
with other genes, including viral polymerase, Pre C,
ORF5, and ORF6. Although HBx cannot directly bind to
the DNA helix, it can activate other protein factors to
further bind to their or other promoters and enhancers.
[5]
Thus, HBx can trans-regulate gene transcription .
The plus-strand HBx viral genome contains several
transcriptional regulation element sequences, including
gene expression basic core promoter, core upstream
regulatory sequence, negative regulatory element,
enhancer Ⅱ, direct repeat 1 (DR1), and DR2. Also, the
5’ end of the HBx gene overlaps with the ORF of DNA
[6,7]
polymerase P . Thus, the X gene of HBV contains
the longest overlapping region between structural
and functional sequences in the viral genome. More
importantly, because of the overlap between the
coding region and regulation elements in the X gene
of HBV, any DNA mutation and/or deletion can affect
functionally both gene and transcriptional regulation.

HBx and DNA repair
Current studies indicate that DNA repair is one of the
driving mechanisms of carcinogenesis. Accumulation of
DNA damage causes genomic instability and eventually
leads to mutations. Recent studies showed that the
expression level of HBx positively correlated with that
of 8-hydroxy-2 deoxyguanosine (8-OHdG), a key
oxidative stress indicator that causes DNA mis-pairing.
Meanwhile, a high level of HBx inhibited human DNA
glycosylase a activity, which caused suppression of
DNA repair machinery, long-term DNA damage, and
[8]
tumorigenesis .
[9]
Jung et al reported that HBx with C terminal
truncation does not induce reactive oxygen species
(ROS) production and has no effect on level of 8-OHdG.
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This indicated an important role for the HBx C terminal
region in oxidative stress-induced ROS production,
consequential mitochondrial DNA damage, and HCC
pathogenesis. Another study also reported that HBx
can regulate p53 expression and further depress the
[10]
DNA repair capability .

HBx AND METHYLATION
Epigenetic studies allow us to understand how
DNA methyltransferases (DNMTs) involved in DNA
methylation can control gene expression through
chromatin structural modification, changes in regional
DNA accessibility, changes in DNA stability, and shifts
in DNA-protein interactions. HBx can affect the cell
cycle, proliferation, invasion, apoptosis, etc. of HCC
cells by regulating DNMTs involved in DNA methylation
of specific genes. A recent publication demonstrated
that HBx can upregulate DNMT1 and DNMT3A
[11]
[12]
through transactivation . Wei et al
demonstrated
that downregulation of miR-101 by HBx can lead to
abnormal DNA methylation by miR-101-targeting of
DNMT3A and promotion of HCC malignancy. A similar
study showed that HBx upregulated DNMT1 and
DNMT3A at both the transcriptional and translational
levels, leading to induction of p16 (INK4A) promoter
methylation and subsequent inhibition of p16
[13]
expression .

HBx AND NON-CODING RNAs
Non-coding RNAs (ncRNAs) compose a large group
of RNAs transcribed from non-coding regions of the
human genome. ncRNAs account for about 90% of
the genome and can be categorized in two types:
18-200 nucleotide small ncRNAs, including microRNAs
(miRNAs), small interfering (siRNAs), Piwi-interacting
RNAs, small nuclear RNAs, small nucleolar RNAs, etc.;
200 nucleotide to 100 kb long ncRNAs (lncRNAs),
including mRNA-like ncRNAs, long no-poly A tail
[14,15]
ncRNAs, etc.
. Most of these RNAs have been rarely
studied, and although their functions remain entirely
unclear, they have a variety of important biological
functions.
MiRNAs play a critical role in the control of
gene expression and signal transduction in HCC
carcinogenesis. Several in vitro studies demonstrated
that HBx can promote early stage HCC progression
by inducing high levels of miR-21 expression, which
[16,17]
inhibiteds programmed cell death 4 in cancer cells
.
Upregulated miR-21 and miR-222 also can directly
target tumor suppressor p27 and Kipl, a key regulator
[18]
of the cell cycle, to contribute to cancer progression .
[19]
In a previous study, Bandopadhyay et al
found that
miR-21 and miR-222 were downregulated when HepG2
cells were transfected with HBx and HBV plasmid DNA
or HepG2.2.15 cells were infected with HBV. This result
was confirmed in clinical plasma samples from HCC
patients. Interestingly, similar downregulated effects
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also were observed in transfected HepG2 cells and
patients’ plasma for miR-145, whereas miR-145 was
upregulated in an infected HepG2.2.15 cell line. These
results suggested that HBx can control multiple miRNAs
[19]
in different manners to promote HCC progression .
Additionally, an animal model showed that HBx inhibited
the tumor suppressor p53 to control the expression
of miR-148a and to increase the expression of hema
topoietic pre-B cell leukemia transcription factorinteracting protein. This resulted in activation of Akt,
extracellular-related kinase, and mammalian target of
rapamycin signaling pathways to enhance tumor cell
[20]
growth, invasion, and metastasis . A recent study
also showed that HBx can downregulate miR-192,
[21]
suggesting that HBx may be anti-apoptotic in HCC .
lncRNAs play crucial roles in human cancers.
It has been reported that the lncRNA highly upregulated in liver cancer (HULC) was dramatically
[22]
[23]
upregulated in HCC . Du et al
reported that
HBx can increase expression of HULC via the cAMPresponse element binding protein activated promoter
of lncRNA HULC. Furthermore, downregulation of P18,
a gene downstream of HULC, can promote liver cell
proliferation. Another lncRNA (termed lncRNA-Dreh)
can be downregulated by HBx, which enhanced HCC
[24]
cell invasion and migration in vitro . It is known that
deregulation of lncRNA is one of the key factors in HCC
tumor initiation and progression.

HBx MUTANTS AND TUMOR IMITATION
HBV infection-induced HCC usually occurs within
10-30 years after the initial HBV infection. During this
period, mutations of the HBV genome accumulate.
Two dominant types of HBx mutations can be detected
in chronic hepatitis: type Ⅰ are single nucleotide
mutations at multiple sites, and type Ⅱ are C-terminal
truncations that cause relatively higher levels of protein
accumulation in the tumor region. Liver cells with
these two types of mutations may have proliferative
advantage in colony formation.
Previous studies have shown that HBV genome
integration is random, and there are no specific
integration sites or rules. HBx and HBV core gene
(HBc) mutations and deletions commonly occur in
[25-28]
viral genome integration
. A polymerase chain
reaction DNA amplification study of 45 tumor samples
and sequencing results of 19 samples showed a high
frequency of HBx mutation in HCC. Those mutations
were mostly located close to the carboxyl terminus.
It is believed that a strong correlation exists between
[29]
HBx mutation and liver cell cancer transformation .
Similarly, we determined that the hot spot of HBx
mutation is highly regional. Blood tests of HBx
mutations from patients in Europe and Africa showed a
higher incidence of mutation at 130 and 131 aa of HBx
for mild hepatitis patients and accumulation of HBx
[30-34]
C-terminal truncation in HCC peri-tumor tissues
.
In contrast, a study of 153 HCC patients from Vietnam
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showed more 130 and 131 aa mutations in tumor
tissue, with only four out of 48 samples having HBx
[35]
C-terminal truncation accumulation . A report from
Hong Kong claimed that more than 54 mutations were
detected in 95.2% of tissue samples and 95.3% of
blood samples from 113 patients, where there was at
[36]
least one mutation in most of the samples . There
were 12 mutation sites in tissue samples and nine
mutation sites in blood samples, which suggested a
mutation-driven pathogenesis for HCC. Another study
demonstrated that mutations were complicated and
changeable in both HCC and peri-carcinoma liver tissue
(PCLT). C-terminal truncation is more frequently found
in HCC than in benign liver tissues. However, there is
no single site mutation of a nucleic acid or amino acid
that results in a distribution discrepancy between HCC
[37]
and PCLT . The reports described above indicated a
regional distribution of HBx mutants, which reflects the
high degree of complexity of HBV caused HCC.
The results of a comparative study between HBx
C-terminal truncation and full-length HBx transfection
indicated that each mutation plays a different role in
[38,39]
cancer cell biology
. Specifically, overexpression
of HBx 20 aa and 40 aa C-terminal deletion mutants
can enhance cell growth, colony formation, tumor
volume, and G1 to S phase cell cycle transition. In
contrast, an HBx 30 aa C-terminal deletion mutant can
inhibit cell proliferation. These results suggested that
125-134 aa of HBx is important for cell proliferation.
More recent studies showed that HBx spontaneous
deletion mutations were typically located in the same
[40]
[41]
region. Liu et al
and Wang et al
reported that the
HBx 127 mutant contributed to tumor cell proliferation
metastasis more than wild-type HBx by promoting
cell growth through a positive feedback loop involving
5-lipoxygenase, fatty acid synthase, and miR-215. This
[42]
finding is consistent with a report from Fu et al
that
concluded that the HBx-d382 deletion mutant (128-145
aa) enhanced cell proliferation. The dual mutations
K130M/V131I strengthened the capability of HBx, as
they upregulated the expression and transcriptional
activity of hypoxia-inducible factor 1-alpha (HIF-1α).
The C-terminal truncation and deletion mutations,
however, weakened the ability of HBx to upregulate
HIF-1α. Furthermore, the C-terminus was found to be
essential for HBx stability and transactivation. A positive
correlation was found between the HBx mutants and
[43]
HIF-1α expression in clinical HCC samples . In brief,
it is believed that C-terminal truncation and deletion
promoted tumor malignancy. However, the detailed
mechanism needs to be investigated further.

HBx AND THE P53 SIGNALING
PATHWAY
Mutations in the tumor suppressor gene p53 are the
most common in all types of cancers. p53 disorder
plays an important role in the tumorigenesis of HCC.
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Many studies have indicated a complex transactivation
between HBx and p53, where HBx directly inhibits p53
[44]
activity by binding to its C-terminus . In addition,
overexpression of the p53 target gene murine double
[45]
minute 2 can induce degradation of HBx in HCC .
[46]
Kew et al
investigated the effect of wild-type and
mutant HBx on p53 and found that HBx mutants, but
not wild-type HBx, can inhibit p53 expression and its
downstream signaling.
Recent studies suggested that overexpression of a
HBx C-terminal mutant in HHT4 cells, a normal liver
cell line, significantly increased the colony forming
efficiency (CFE), whereas its corresponding wild-type
allele CNT significantly decreased the CFE in HHT4
cells. Meanwhile, the p53-249Ser mutant interacted
with HBx mutants to regulate cell proliferation and
[47]
mitochondrial stability . A report from another group
showed that the HBx gene overlapped with the HBV
core promoter region. Thus, core promoter mutations
can also lead to HBx mutants that further upregulate
S-phase kinase-associated protein 2 (SKP2). SKP2
can downregulate p53 though ubiquitination and
[48]
consequentially promote tumorigenesis .

activated NF-κB binding to the calpain small subunit 1
(Capn4) promoter and, thus, upregulated expression
of Capn4 in HCC cell. This HBx-induced Capn4
upregulation can be significantly blocked by specific
siRNA knockdown of NF-κB or pyrrolidinedithiocarbamic
acid (PDTC). Studies from other groups also showed
that HBx increased the expression of NF-κB target
genes, including vascular endothelial growth factor
(VEGF), matrix metalloproteinase 2 (MMP2), MMP9,
and MMP14. In addition, PDTC inhibited HBx stimulation
of NF-κB signaling, which led to a decrease in the
expression of VEGF, MMP9, and MMP14 but not
MMP2. PDTC also showed an anti-angiogenic effect
in HepG2 tumor xenograft nude mice. These results
demonstrated that HBx promoted tumor cell invasion,
angiogenesis, and metastasis by activating NF-κB
signaling and upregulating downstream target genes
[53]
VEGF and MMPs . HBx also can associate with
peroxidase to enhance the level of ROS. This led to
greater activation of NF-κB and the formation of a
positive feedback loop in cancer cells. Peroxidaseassociated HBx upregulated MMPs and downregulated
[54]
E-cadherin to enhance tumor cell invasion .

HBx AND THE NUCLEAR FACTOR-kB
SIGNALING PATHWAY

HBx AND THE Wnt SIGNALING
PATHWAY

Nuclear factor (NF)-κB is one of the driving transcrip
tional factors in cancer biology and participates in
cross talk with multiple pathways to control tumor
initiation, development, invasion, and metastasis.
Previous studies showed that HBx interacts with NF-κB
to increase the expression of metastasis-associated
protein 1 (MTA1). MTA1 is a major chromatin modu
lator that plays important roles in inflammation and
tumor initiation. NF-κB cross talk with Notch signaling
has also been demonstrated, and Notch 1 signaling
can be blocked by HBx transfection in the normal
[49]
[50]
liver cell line L02 . Lim et al
demonstrated that
endogenous P22-FLIP, a cleavage product of c-FLIPL,
can interact with HBx to activate NF-κB signaling.
Further investigation showed that P22-FLIP, HBx, and
NEMO, a regulatory subunit of IκB kinase (IKK), also
known as IKKγ, can form a trimer complex to activate
NF-κB signaling and promote tumor formation.
[51]
Lee et al showed that NF-κB is highly associated
with HBx131, HBx130, HBx5, HBx94, and HBx38
mutants as well as the HBx130-HBx131 double muta
tion and the HBx5-HBx130-HBx131 triple mutation.
These double and triple mutations increased HCC
incidence to 3.75 and 5.34 times the normal risk level,
respectively. HBx5 mutants and double mutants showed
much higher NF-κB activity than wild-type and triplemutation HBx. Notably, triple-mutation HBx cannot
enhance NF-κB activity.
Many studies have demonstrated that HBx can
promote HCC cell invasion and metastasis through
[52]
NF-κB signaling. Zhang et al
reported that HBx

Highly preserved Wnt signaling has important
functions in embryo development, and abnormal Wnt
signaling can stimulate tumorigenesis. Wnt signaling
molecules can be divided in two categories: (1)
canonical Wnt/β-catenin signaling molecules, including
[55]
Wnt-1, Wnt-3a, Wnt-8a Wnt-8b, etc. ; and (2) noncanonical Wnt signaling molecules, including Wnt-4,
[56]
2+
Wnt5a, Wnt-11 , as well as Wnt/Ca , Wnt/planar
[57,58]
cell polarity, and others
.
Many studies have shown that HBx competitively
binds to adenomatous polyposis coli to disassociate
β-catenin from its degradation complex, resulting
in nuclear β-catenin accumulation and activation of
[59]
Wnt signaling to induce tumor transformation .
In addition, overexpression of HBx with Wnt-1 can
activate Wnt/β-catenin signaling in Huh7 cells by
stabilizing cytoplasmic β-catenin. Furthermore,
stabilization of β-catenin by HBx can be achieved by
inhibiting glycogen synthase kinase 3 activity via the
[60]
activation of Src kinase .
[61]
[62]
[63]
Liu et al , Geng et al and Lin et al found that
the Wnt5a gene is regulated by HBx mutants through
gene expression library screening. Further research
showed that Wnt-5a may suppress tumor progression
[61-63]
in HBV-induced HCC
. An immunohistochemical
study of 114 HCC samples demonstrated that Wnt-5a
as well as its receptor, receptor tyrosine kinaselike orphan receptor 2 (ROR2), were downregulated
in 80.7% (92/114) of samples. The expression of
Wnt-5a was negatively correlated with β-catenin
expression and positively correlated with E-cadherin
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expression. Thus, the expression of Wnt-5a and ROR2
is associated with patient prognosis. Huh7 HCC cells
transfected with Wnt-5a have a decreased proliferation
rate, and Wnt-5a siRNA knockdown can increase
[64]
cell proliferation . These findings suggested that
HBx mutants can control tumor growth via signaling
through the Wnt pathway.

12

13

CONCLUSION
HBx is the only expressed HBV viral protein in
malignant HCC and has been shown to be a key
molecule in HCC carcinogenesis. However, the
molecular mechanism of HBx-induced HCC progression
remains unclear. HBx is maintained as an important
player in HCC tumorigenesis. HBx functions in HCC
through its nuclear translocation, protein-protein
interactions, regulation of transcription factors,
induction of chromosome instability, and nuclear
localized HBx-involved signal transduction, thereby
controlling cancer cell proliferation, transformation,
invasion, and metastasis. After studying HBx mutants
and their associated molecular pathways, it is clear
that these mutants have different biological functions
and activities compared to wild-type HBx and that
they may play important regulatory roles in the
pathogenesis of HCC.
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Abstract
The host innate and adaptive immune systems are

WJG|www.wjgnet.com

involved in nearly every step of hepatitis C virus (HCV)
infection. In patients, the outcome is determined by a
series of complex host-virus interactions, whether it is
a natural infection or results from clinical intervention.
+
+
Strong and persistent CD8 and CD4 T-cell responses
are critical in HCV clearance, as well as cytokineinduced factors that can directly inhibit virus replication.
Newly available direct-acting antivirals (DAAs) are
very effective in viral clearance in patients. DAA
treatment may further result in the down-regulation of
programmed death-1, leading to rapid restoration of
+
HCV-specific CD8 T cell functions. In this review, we
focus on recent studies that address the host responses
critical for viral clearance and disease resolution.
Additional discussion is devoted to the prophylactic
vaccine development as well as to current efforts aimed
at understanding the host innate responses against
HCV infection. Current theories on how the ubiquitin
system and interferon-stimulated genes may affect HCV
replication are also discussed.
Key words: Hepatitis C virus; Hepatitis; T cell; Directacting antiviral; innate immune response
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) is an etiologic agent
that can cause severe liver diseases, including chronic
hepatitis, liver fibrosis, liver cirrhosis, and hepatocellular
carcinoma. Although newly available direct-acting
antivirals (DAAs) are very effective in viral clearance
in patients, it remains unclear as to how many of the
world’s infected individuals will benefit from the new
DAAs. In this review, we focus on recent studies that
address the host responses critical for viral clearance
and disease resolution. Additional discussion is devoted
to the prophylactic vaccine development and innate
responses against HCV infection. Current theories on
how the ubiquitin system and interferon-stimulated
genes may affect HCV replication are also discussed.
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INTRODUCTION
Hepatitis C virus (HCV) is an etiologic agent that can
cause severe liver diseases, including chronic hepatitis,
liver fibrosis, liver cirrhosis, and hepatocellular
carcinoma. Since the first discovery of this virus in
[1]
1989 by Choo et al , much has been learned about
viral replication mechanisms and detailed functions
of the viral proteins involved in these processes.
Such knowledge has accelerated the development of
direct-acting antivirals that could cure HCV infections,
with much higher efficiency in shortening treatment
duration compared to the traditional interferon-α[2-6]
based therapy
. On the other hand, the vaccine
development front seems to have lagged behind. This
is certainly not due to the lack of effort to understand
the HCV-induced immunity, but rather to the unique
challenges in understanding effective immune
responses against HCV.
The first challenge is the virus itself, which could
successfully establish a chronic infection in about
80% of infected persons by effectively modulating
[7,8]
innate and adaptive immune responses
. The
second challenge is the difficulty in identifying and
obtaining samples from acutely infected patients
who successfully eliminated the virus due to the lack
of distinct symptoms during acute phase of HCV
infection. The third challenge is the lack of suitable
small animal models that can recapitulate the HCV
infection-mediated immune responses in humans.
Although chimpanzee model has been the best
immunocompetent animal model of HCV infection,
with the recent National Institutes of Health (NIH)
moratorium of usage of chimpanzee in HCV research,
this challenge just got worse. Of note, there are
continuing efforts to develop other immunocompetent
[9,10]
animal model system
. Despite these difficulties,
new information that could help us eventually control
HCV-mediated immune dysregulation keeps emerging.
The goal of this review is to summarize the most
up-to-date knowledge regarding both innate antiviral
and adaptive immune responses that are available in
the literature, to define the successful host responses
that could contribute to HCV elimination. In addition,
we discuss the implications of effective anti-HCV
therapy on HCV-mediated immune modulation and
vaccine development.
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ADAPTIVE IMMUNE RESPONSES IN
HEPATITIS C
Although HCV is capable of interfering with a wide
range of host physiological processes, it is readily
detected by the host sensing machinery, followed
[11,12]
by the triggering of innate cellular responses
,
including the production of type Ⅰ interferons (IFNⅠ) and the activation of downstream, antiviral target
genes. However, despite these responses, HCV
continues to replicate in the liver in the incubation
phase. The adaptive immune response to HCV
[13]
infection develops over several weeks . Although
the reasons for this delay are not understood, it is
clear that the magnitude, diversity, and quality of the
adaptive immune responses are the determinants of
[13]
the outcome . While this acute immune response
has the potential to clear the viral infection, it is
unsuccessful at least 50% of the time, and the
virus has a very strong propensity to cause chronic
infections. Development of chronicity is marked by
+
a dramatic decrease in the activity of CD8 cytotoxic
+
T lymphocytes (CTL) and CD4 Th cells in the liver
without achieving viral clearance. Interestingly, the T
cell dysfunction seems to be restricted to HCV-specific
+
+
CD8 T cells, since influenza-specific CD8 cells were
[12]
functional in chronic HCV patients .

T cell dysregulation in chronic infection

+

The effector functions of virus-specific CD8 and
+
CD4 T cells are critical in viral clearance and disease
[14]
resolution . Interestingly, virus clearance and disease
progression are seemingly mediated by phenotypically
+
+
distinctive CD8 CTL populations. The CD8 CTLs
participating in virus clearance expressed high levels
of IFN-γ, but low levels of the activation marker CD38
hi
lo [12,13]
(IFN-γ CD38 )
. In contrast, the CTL involved
lo
hi
in liver injury are commonly IFN-γ CD38 , and the
frequency of these cells tends to increase with the
[15]
inflammation score (Figure 1, left panel) . Although
CTLs can exert limited antiviral activity, they are
unable to keep pace with the evolution of HCV. As a
result, HCV rapidly accumulates escape mutations
[16]
in its genome, and persistent viremia ensues . In
studies with large cohorts of chronic subjects and
+
spontaneous resolvers, adequate help from CD4 T
cells was found to be essential to promoting immune
[17]
protection . Among resolvers, the HCV epitopes are
presented by multiple alleles of major histocompatibility
complex Ⅱ molecules, and nonstructural (NS) protein+
directed CD4 T-cell responses are associated with high
[18]
levels of IL-2 and IFN-γ . On the other hand, HCV
+
persistence is associated with a high frequency of CD4
regulatory T cells (Treg) that could directly suppress
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Figure 1 Direct-acting antiviral therapy and immune function restoration in hepatitis C virus infection. In chronic hepatitis C infection, T cells having a narrow
repertoire of TCRs mount a weak response to HCV antigens, and their effector functions are often impaired. Many CD8+ and CD4+ T cells express low levels of IFN-g
and IL-2 accompanied by up-regulation of PD-1 molecules in the liver. Development of T regulatory cells and compromised dendritic cell functions also contribute
to T cell functional impairment. Recent data suggest that IFN-free direct-acting antivirals not only clear HCV in the majority of patients, but also result in the downregulation of PD-1, leading to rapid restoration of virus-specific CD8+ T cell functions in patients[28]. HCV: Hepatitis C virus; IFN: Interferon; IL: Interleukin; PD-1:
Program death-1; TCR: T cell receptor.
[19]

HCV-specific CTL in patients . The resolution of
disease is usually associated with the loss of expression
of programmed death-1 (PD-1) and decreased
[17,20]
functional suppression
. In addition to Treg cells,
+
high expression of inhibitory receptor-PD-1 on CD4
+
and CD8 T cells also contributes to viral persistence
as well as to failure of antiviral therapy (Figure 1, left
[21,22]
panel)
.

T cell responses in immunomodulatory and direct-acting
antiviral therapies

Until recently, the mainstay of treatment for chronic
HCV infection had been pegylated interferon and
ribavirin for HCV genotype 1 infection. This treatment
resulted in a sustained virologic response (SVR) in
50%-80% of patients with HCV genotype 1 infection
(higher SVR among those with genotypes 2 or 3
infections). There has been a clear demonstration that
IFN-α, even when it achieved viral clearance, was not
able to rescue antiviral T cells from exhaustion due to
[23-25]
its pleiotropic effects on T cells
. To improve the
efficacy of hepatitis C therapy, one critical question is
whether antiviral T cells are permanently blemished by
the sustained expression of PD-1 or other tolerating
mechanisms; or alternatively, the removal of IFN-α
would promote host recovery and the expansion of
[26,27]
T cells with antiviral functions
. In a recent study
involving a clinical cohort undergoing IFN-free therapy,
a combination of Faldaprevir (a protease inhibitor)
and Deleobuvir (a non-nucleoside polymerase
[28]
inhibitor) cleared HCV in the majority of patients .
Furthermore, viral antigen reduction in response to
direct-acting antiviral (DAA) treatment resulted in the
down-regulation of PD-1, leading to rapid restoration of
+
HCV-specific CD8 T cell functions in patients (Figure 1,
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[28]

right panel) . While this study unveils an unexpected
benefit of these two DAAs, it is interesting to see
whether other DAAs with or without ribavirin are also
able to reverse exhaustion and restore full functions of
HCV-specific T cells.

HCV prophylactic vaccines
HCV infection is a major public health problem in the
world. Although DAAs are a significant advancement
for an HCV treatment, it remains unclear as to how
many of the world’s infected individuals will benefit
from the new DAAs. For instance, the high cost of
these DAAs will undoubtedly deny their access to low
income countries and may also result in selective use
[29]
in middle and even high income counties . Thus there
will likely still be a substantial number of HCV cases,
including those individuals who are not screened and
unaware of their infection. Additionally, DAAs are not
efficacious in those having already developed advanced
hepatic cirrhosis, carcinoma and liver failures.
Importantly, a recent study showed that persistently
HCV-infected chimpanzees cured with DAA maintained
+
narrowly focused stable CD8 T cell repertoires that
were incapable of preventing persistent infection
[30]
following HCV re-challenge . Thus, vaccination may
be necessary even for those individuals who have
cleared virus following DAA treatment. For these
reasons, an effective prophylactic HCV vaccine remains
a critical instrument to halt the global HCV epidemic.
Current human and chimpanzee studies suggest that
a prophylactic vaccine inducing both protective T cells
and broadly-neutralizing antibody (bnAb) responses
is important for HCV control and thus highly desirable
[29]
characteristics for the future vaccine candidates .
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Circulating HCV is genetically diverse, and therefore
a broadly effective vaccine must target conserved Tand B-cell epitopes of the virus. Several prophylactic
vaccine candidates based on different strategies and
viral targets have been developed in the last two
decades. Vaccines aimed to target conserved T cell
epitopes are shown to induce vigorous and broadly
+
+
directed CD4 and CD8 T cell responses, and these
[31,32]
are well underway in clinical development
. Despite
the molecular trickeries employed by HCV, a number
of bnAbs have been identified. The protective role of
bnAbs against HCV infection has been demonstrated
in chimpanzees, highlighting the possibility of
developing a broadly effective vaccine by inducing
[33,34]
bnAbs
. The HCV viral RNA genome encodes two
structural envelope glycoproteins, E1 and E2. Although
neutralizing antibodies (nAbs) to E1 have also been
isolated, E2 is the main target of nAbs in HCV-infected
[35]
patients . In the last decade, significant discoveries
of bnAbs and their structural analysis with antigenic
epitopes have been made in the HIV-1 vaccine field;
now a similar trend has begun to emerge in the HCV
vaccine field. Recently, researchers have combined
the latest findings in HCV structural biology and
cutting-edge technologies in protein design and nextgeneration sequencing of Ab repertoires to facilitate
HCV immunogen design for the induction of bnAbs
[35]
in vaccination . The linear HCV epitopes will be
grated onto protein scaffolds, which allow epitope
presentation in their bnAb-bound conformations.
These studies demonstrate the feasibility of generating
a highly potent antibody formulation against multiple,
conserved neutralizing epitopes on HCV.

HCV AND INNATE IMMUNE RESPONSES
It is now clear that HCV infection induces innate
responses capable of limiting virus replication to some
extent. However, HCV is still able to establish chronic
infections by escaping immune responses. Similar
to other viruses, HCV encodes pathogen-associated
molecular patterns (PAMPs), which are recognized by
the host pattern-recognition receptors (PRRs). Members
of the endosomal Toll-like receptor (TLR) family and
the cytoplasmic Retinoic acid inducible gene (RIG-I)-like
receptors (RLRs) can also recognize HCV PAMPs (Figure
2A). Pathogen recognition by PRRs results in activation
of downstream signaling pathways leading to the
production of pro-inflammatory cytokines, chemokines,
[36]
IFN-I and type-Ⅲ IFN (IFN-λ) . IFNs elicit their
antiviral activity through the up-regulation of many
IFN-I-stimulated genes (ISGs), which act as direct
[37]
effectors of the antiviral response . HCV-encoded
PAMPs recognized by the RIG-I sensor include the
polyuridine motif of the HCV genome 3’ non-translated
region and its replication intermediate, which binds
RIG-I through the 5’ terminal triphosphate on the viral
RNA. This signaling induces IFN-I and antiviral ISGs
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[38]

in the liver in vivo . HCV PAMPs that are recognized
by RIG-I are also produced by cleavage of viral
NS5B region of HCV RNA by the IFN-inducible host
endoribonuclease RNase L, releasing small structured
RNAs with 5’-hydroxyl (5’-OH) and 3’-monophosphoryl
[39]
(3’-p) groups . Binding of the HCV PAMP induces
a conformational change in RIG-I and subsequent
ubiquitination by the E3-ubiquitin ligase TRIM25 (Figure
2A). This process and interaction with the chaperone
protein 14-3-3e promote recruitment of activated RIG-I
to the adaptor protein mitochondria antiviral signaling
protein (MAVS) that is anchored to the mitochondria
and also located in an intracellular membrane network
at the peroxisomes and on mitochondrial- associated
[40-43]
membranes
. Subsequently, different signaling
partners are known to be recruited to MAVS, resulting
in the activation of the IκB (IKK) and IKK-related
[44,45]
kinases
, TBK1 and IKKε, which phosphorylate the
transcription factors IRF3 and IRF7 required for IFN-I
[46-48]
production as well as IFN-λ
.

Deregulation of innate anti-viral signaling pathways
during HCV replication

Both IFN-I and IFN-λ are produced upon innate
recognition of viruses, although differential expression
has been found in tissues such as the brain upon
[49]
viral infection . Although signaling occurs through
different receptors, both IFN-I and IFN-λ can trigger
downstream signaling through phosphorylation of
signal transducers and activators of transcription 1
(STAT1) and STAT2, suggesting that both IFN-I and
IFN-λ signaling result in induction of the same ISGs.
Together, STAT1, STAT2 and IRF9 form the interferonstimulated gene factor 3 (ISGF3) complex, which is
[50]
essential for induction of ISGs (Figure 2B) . The
tyrosine kinases JAK1 and TYK2, which are both
activated by IFN-I and IFN-λ, phosphorylate tyrosine
[51]
701 (Y701) on STAT1 . In addition, phosphorylation
of S708 on STAT1 by the IKKε kinase is also required
for the efficient induction of all ISGs in response to
[52]
IFN-I ; however, it is currently unknown whether
IFN-λ stimulation also results in activation of IKKε and
STAT1-S708 phosphorylation. Furthermore, activation
of IKKε during IFN-I signaling also requires binding
to unanchored lysine-48 (K48)-linked polyubiquitin
chains, which are not covalently attached to any
[53]
protein . Some evidence suggests that HCV inhibits
STAT1 function. For example, by using a microRNA
array in human hepatocytes infected with HCV, it
was shown that miR-373 is up-regulated in HCVinfected cells (Figure 2B). This microRNA targeted
JAK1 and IRF9 and reduced phosphorylation of
STAT1. Consistent with this observation, knockdown
of miR-373 resulted in the reduction of HCV RNA
[54]
replication . Furthermore, the core protein of HCV
[55]
associates with STAT1 and promotes its degradation .
+
Immune cell populations and hepatocytes from HCV
patients have reduced STAT1 and STAT3 proteins.
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Furthermore, STAT3 was preferentially ubiquitinated
and targeted for proteosomal degradation in the
[56]
presence of HCV . These observations may explain
in part the hypo-responsiveness observed in some
patients to IFN-α treatment.
Since IFN-α/β and IFN-λ trigger similar signaling
pathways, they are predicted to induce the same group
of ISGs. However, in contrast to the widely expressed
IFN-I receptor in different cell types, the expression of
the IL-10R2 subunit of the IFN-λ receptor appears to
be restricted to cell types and tissues, particularly on
[49]
epithelial cells . This raised the possibility that IFN-λ
administration may be a better option to the common
therapy for treating HCV infection with pegylated
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IFN-α (Peg-IFN-α) and ribavirin. It is now known that
Peg-IFN-α treatment is only effective in a fraction of
HCV-infected individuals with the presence of some
side effects. Thus far Peg-IFN-λ has shown promising
[57,58]
results
. Besides the tissue/cell type-specific
expression of the IL-10R2 receptor, Peg-IFN-λ may
[59]
be more effective since, unlike IFN-α treatment ,
Peg-IFN-λ treatment did not lead to refractoriness of
[60]
JAK-STAT signaling following multiple stimulations .
IFN-λ treatment also results in a faster reduction
[61]
in viral load as compared to those with IFN-α . In
addition, HCV infection appears to down-regulate the
expression of IFN-I receptor, in contrast to sustained
expression of the IL-28 receptor subunit. Global
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transcriptome analysis in hepatocytes indicated that
IFN-λ stimulation prolonged the expression of various
ISGs that are potentially beneficial to antiviral defense
[62]
mechanisms .
In addition to inhibition of STAT-dependent innate
immune responses, HCV has also been shown to
inhibit TLR3 signaling and IFN-λ production in human
hepatoma cell lines, with subsequent reduction in the
antiviral ISG56, MxA and OAS-1. NS3/4A, NS5A and
NS5B had the ability to inhibit poly I:C-induced IFN-λ1
[63,64]
expression in Huh7 cells
.

Role of ubiquitin and ubiquitin-like molecules in HCV
replication

Ubiquitination of proteins is a post-translational
process, which has been demonstrated to regulate
not only protein stability but also various steps of the
signaling pathways in immune regulation and cytokine
[65]
production . Viruses have adapted to antagonize
innate immune responses by using different mecha
nisms including manipulating the ubiquitin system for
[66]
their own advantage . For example, it was recently
proposed that the Influenza virion carries unanchored
polyubiquitin chains that promote virus uncoating
[67]
by utilizing the host aggresome machinery . At the
same time these polyubiquitin chains that are released
in the cytoplasm may function as a mechanism to
alert the innate cellular response early upon virus
[68]
entry to the cell . Whether HCV utilizes unanchored
polyubiquitin chains for replication remains to be
tested. Nevertheless, HCV also has been shown to
target the ubiquitin system to escape the innate
immune response. HCV NS3-4A proteases inhibit
the E3-ubiquitin ligase Riplet, which, together with
TRIM25, is required for efficient ubiquitination and
[69]
activation of RIG-I (Figure 2A) . The ubiquitin system
is also utilized by the host to restrict virus replication,
and, in fact, may be one of the mechanisms by which
IFN therapy limits virus replication in patients. For
example the E3-ubiquitin ligase TRIM22, which is
[70-72]
highly induced by IFN-I
, may be associated with
responsiveness to Peg-IFN-α-2a/RBV combination
[73]
therapy . A possible mechanistic explanation for
these findings is supported by data showing that
TRIM22 overexpression inhibits HCV replication and
knockdown reduces IFN-induced anti-HCV activity. In
addition, TRIM22 appears to promote ubiquitination
[74]
of HCV-NS5A . Although this study did not elucidate
the functional effects of NS5A ubiquitanation, ubiquitin
ligases as well as de-ubiquitinating enzymes are
emerging as important proteins in controlling HCV
replication. In particular, a recent study using an RNA
interference (RNAi) screen found a few ubiquitin ligases
to be important in HCV replication; the E2-conjugating
enzyme UbE2J1, is involved in viral RNA replication;
USP11, a de-ubiquitinating enzyme is involved in
HCV IRES-mediated translation. In addition, TRIM42,
another member of the E3-ubiquitin ligase family of
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proteins, and UbE2M, another E2 ubiquitin-conjugating
enzyme, are also involved at early stages of viral post[75]
entry .
Similar to posttranslational covalent modification
by ubiquitin, the small ubiquitin-like modifier (SUMO)
can also be covalently attached to protein lysines posttranslationally, and regulates many different cellular
processes. HCV also utilizes this cellular process
for its own advantage; the NS5A protein of HCV is
SUMOylated, resulting in increased protein stability by
[76]
inhibiting ubiquitination .
ISG15, another ubiquitin-like molecule that can be
covalently attached to lysine residues of proteins posttranslationally, has been shown to play both positive
and negative roles during HCV infection. ISG15 is a
highly IFN-inducible gene that has antiviral functions
[77]
against many viruses . Accordingly, overexpression
of ISG15- and ISG15-conjugation enzymes resulted
in inhibition of HCV replication. Furthermore, HCVNS5A protein was ISGylated, and this appeared to
[78]
decrease NS5A stability . However, in contrast to this
study, other studies identified ISG15 as a pro-HCV
[79,80]
host factor promoting HCV replication
. ISG15 may
have different effects depending on the cell type or
tissue expression. If indeed ISG15 acts as a pro-viral
factor, its high induction by IFN treatment may help
explain why in some patients IFN-based treatment
results in persistent HCV infection. Additional evidence
that ISG15 plays a role in HCV replication comes from
studies on USP18, which specifically cleaves ISG15
[81]
from its cellular targets . USP18 knockout mice
are hypersensitive to IFN, with prolonged Jak/Stat
[82]
signaling . Expression of USP18 is increased in the
liver biopsy specimens of patients who do not respond
to IFN-α therapy, and siRNA knockdown of USP18
in human cells increases the ability of IFN to inhibit
HCV replication as well as to increase cellular protein
ISGylation and prolonged STAT1 phosphorylation,
and a general enhancement of IFN-stimulated gene
[83]
expression .
To demonstrate that in vivo knockdown of ISG15
may be used therapeutically to inhibit HCV replication,
[84]
Real et al
used lipid nanoparticles to deliver siRNA
specific to ISG15. The treatment resulted in specific
reduction of ISG15 expression in the liver in vivo,
resulting in reduced responses to IFN treatment.
This also resulted in a reduction in HCV replication,
supporting the role of ISG15 as a pro-viral factor. In
addition, ISG15 knockdown revealed five potential
candidates as pro-viral factors that depend on ISG15
expression. In particular, knockdown of the ISG15dependent heterogeneous nuclear ribonucleoprotein
K (HnrnpK) also resulted in decreased levels of HCV
[84]
replication .
HCV infection is also known to induce the ubiquitindependent degradation of some cellular proteins
including the retinoblastoma tumor suppressor protein
[85,86]
by viral NS5B
, and the suppressor of cytokine
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signaling 3 (SOCS3), which is a negative regulator of
[87]
the JAK-STAT pathway . HCV viral proteins have also
been described to be ubiquitinated and degraded by
the proteasome through both ubiquitin-dependent and
[88]
independent mechanisms (review by Shoji et al ).

IFN-stimulated genes as antiviral factors to HCV

For decades Peg-IFN-α has been one of the most
important therapeutics to control HCV infection in
patients, although the exact mechanisms of viral
inhibition have remained unclear. It is well established
that IFN treatment will induce a large number of ISGs
with known antiviral functions, but which ISGs and
how they act against HCV remained largely unknown
until recently. Some of these ISGs have direct or
indirect anti-HCV functions and have been reviewed
[43]
recently (see Horner et al ). These include ADAR,
DDIT4, DDX58 (RIG-I), DDX60, EIF2AK2 (PKR), GBP1,
IFI44L, IFI6, IFIT1, IFIT3, IFITM3, IRF1, IRF7, ISG12,
ISG20, MAP3K14 (NIK), MOV10, MS4A4A, MX1
(MxA), NOS2, NT5C3, OAS1, OASL, PLSCR1, RNASEL,
[43]
RSAD2 (viperin), SSBP3, and TRIM14 . Many of
these genes were found by using lentiviral vectors
expressing 389 selected ISGs in Huh-7.5 cells, a RIGI-defective derivative of Huh-7 cells. Although most
of the ISGs showed some degree of inhibition of HCV
replication, RIG-I, MDA5, IRF1 and IRF7, which are
genes involved in signaling to produce IFN-I, were the
[37]
strongest inhibitors of HCV . Other studies showed
the IFN-induced transmembrane protein 1 (IFITM1)
[89,90]
as an inhibitor of HCV
. In addition, another screen
identified several antiviral ISGs induced by IFN-α
[91]
and IFN-γ using an RNAi . IFITM1 is highly induced
by both IFN-I and IFN-γ has been shown to inhibit
different viruses including West Nile virus, Influenza,
[89,92]
HIV and HCV
. IFITM1 accumulates at hepatic tight
junctions in HCV-infected human patient liver during
IFN therapy and interacts with the HCV co-receptors
[90]
CD81 and occludin, blocking viral entry . ISG56 was
[89]
also shown to inhibit HCV replication . Additional
ISGs have been reported to inhibit HCV. ISG20, and
[93]
PKR are reported to inhibit HCV RNA synthesis .
Recently, the Cholesterol-25-hydroxylase (CH25H),
a 31.6-kDa endoplasmic reticulum-associated
enzyme that catalyzes oxidation of cholesterol to
25-hydroxycholesterol (25HC), was also shown to
inhibit HCV. CH25H is an ISG that is induced in many
tissues upon in vivo exposure to TLR ligands and
[94]
IFN stimulations . 25HC has also been reported
[95]
to possess anti-HCV activity . CH25H can interact
with the NS5A protein of HCV and inhibit its dimer
[96]
formation, which is essential for HCV replication .
In summary, although in recent years there have
been great advances in our understanding of the antiHCV functions of ISGs, many of these studies still fail
to take into consideration the physiological conditions
in which the virus replicates, as well as relevant
immune cell types that are localized in the liver.
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Furthermore, it remains unclear as to how to induce
these genes with exogenous treatments, or how to
deliver lentiviral vectors containing specific ISG as
potential antiviral treatments. Thus, additional studies
are required using novel in vivo models combined
with biochemical methods to identify the molecular
mechanisms of antiviral functions.

CONCLUSION
The recent availability of highly effective DAAs against
HCV infection brings hope for HCV eradication.
However, initial reports suggest that DAA alone may
not be enough to achieve this goal. Instead, HCV
eradication will ultimately require the boosting of
favorable innate and adaptive immune responses
and ultimately vaccine development. Based on our
knowledge of antiviral immune responses, the raising
of effective antiviral responses against HCV will require
agents or vaccine candidates that promote innate
antiviral signaling and enhance both CD4 and CD8
responses effectively without inducing exhausted
phenotypes and bnAb that could neutralize multiple
genotypes of HCV. There is no doubt that effective
immune-modulators against HCV infection will be
available someday as a result of our continued efforts
to understand HCV-induced immune regulation.

ACKNOWLEDGMENTS
The authors wish to express gratitude to their trainees,
as well as Ms. Mardelle Susman for assistance with
manuscript preparation.

REFERENCES
1

2
3
4
5
6

7
8
9

10745

Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton
M. Isolation of a cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome. Science 1989; 244: 359-362 [PMID:
2523562]
Feld JJ. Interferon-free strategies with a nucleoside/nucleotide
analogue. Semin Liver Dis 2014; 34: 37-46 [PMID: 24782257]
Rupp D, Bartenschlager R. Targets for antiviral therapy of
hepatitis C. Semin Liver Dis 2014; 34: 9-21 [PMID: 24782254]
Scheel TK, Rice CM. Understanding the hepatitis C virus life
cycle paves the way for highly effective therapies. Nat Med 2013;
19: 837-849 [PMID: 23836234]
Welzel TM, Dultz G, Zeuzem S. Interferon-free antiviral
combination therapies without nucleosidic polymerase inhibitors. J
Hepatol 2014; 61: S98-S107 [PMID: 25443350]
Yau AH, Yoshida EM. Hepatitis C drugs: the end of the pegylated
interferon era and the emergence of all-oral interferon-free antiviral
regimens: a concise review. Can J Gastroenterol Hepatol 2014; 28:
445-451 [PMID: 25229466]
Abdel-Hakeem MS, Shoukry NH. Protective immunity against
hepatitis C: many shades of gray. Front Immunol 2014; 5: 274
[PMID: 24982656]
Rehermann B. Hepatitis C virus versus innate and adaptive
immune responses: a tale of coevolution and coexistence. J Clin
Invest 2009; 119: 1745-1754 [PMID: 19587449]
Billerbeck E, de Jong Y, Dorner M, de la Fuente C, Ploss A.
Animal models for hepatitis C. Curr Top Microbiol Immunol 2013;
369: 49-86 [PMID: 23463197]

October 14, 2015|Volume 21|Issue 38|

Sun J et al . Immune and non-immune responses to HCV infection
10

11

12

13

14

15

16

17

18

19

20

21

22

23

Scull MA, Shi C, de Jong YP, Gerold G, Ries M, von Schaewen
M, Donovan BM, Labitt RN, Horwitz JA, Gaska JM, Hrebikova
G, Xiao JW, Flatley B, Fung C, Chiriboga L, Walker CM, Evans
DT, Rice CM, Ploss A. Hepatitis C virus infects rhesus macaque
hepatocytes and simianized mice. Hepatology 2015; 62: 57-67
[PMID: 25820364]
Su AI, Pezacki JP, Wodicka L, Brideau AD, Supekova L, Thimme R,
Wieland S, Bukh J, Purcell RH, Schultz PG, Chisari FV. Genomic
analysis of the host response to hepatitis C virus infection. Proc
Natl Acad Sci USA 2002; 99: 15669-15674 [PMID: 12441396]
Thimme R, Bukh J, Spangenberg HC, Wieland S, Pemberton
J, Steiger C, Govindarajan S, Purcell RH, Chisari FV. Viral and
immunological determinants of hepatitis C virus clearance,
persistence, and disease. Proc Natl Acad Sci USA 2002; 99:
15661-15668 [PMID: 12441397]
Thimme R, Chang KM, Pemberton J, Sette A, Chisari FV.
Degenerate immunogenicity of an HLA-A2-restricted hepatitis
B virus nucleocapsid cytotoxic T-lymphocyte epitope that is also
presented by HLA-B51. J Virol 2001; 75: 3984-3987 [PMID:
11264388]
Thimme R, Wieland S, Steiger C, Ghrayeb J, Reimann KA,
Purcell RH, Chisari FV. CD8(+) T cells mediate viral clearance
and disease pathogenesis during acute hepatitis B virus infection. J
Virol 2003; 77: 68-76 [PMID: 12477811]
Wang J, Holmes TH, Cheung R, Greenberg HB, He XS.
Expression of chemokine receptors on intrahepatic and peripheral
lymphocytes in chronic hepatitis C infection: its relationship
to liver inflammation. J Infect Dis 2004; 190: 989-997 [PMID:
15295707]
Grakoui A, Shoukry NH, Woollard DJ, Han JH, Hanson HL,
Ghrayeb J, Murthy KK, Rice CM, Walker CM. HCV persistence
and immune evasion in the absence of memory T cell help. Science
2003; 302: 659-662 [PMID: 14576438]
Smyk-Pearson S, Golden-Mason L, Klarquist J, Burton JR,
Tester IA, Wang CC, Culbertson N, Vandenbark AA, Rosen HR.
Functional suppression by FoxP3+CD4+CD25(high) regulatory
T cells during acute hepatitis C virus infection. J Infect Dis 2008;
197: 46-57 [PMID: 18171284]
Schulze zur Wiesch J, Lauer GM, Day CL, Kim AY, Ouchi K,
Duncan JE, Wurcel AG, Timm J, Jones AM, Mothe B, Allen
TM, McGovern B, Lewis-Ximenez L, Sidney J, Sette A, Chung
RT, Walker BD. Broad repertoire of the CD4+ Th cell response
in spontaneously controlled hepatitis C virus infection includes
dominant and highly promiscuous epitopes. J Immunol 2005; 175:
3603-3613 [PMID: 16148104]
Sugimoto K, Ikeda F, Stadanlick J, Nunes FA, Alter HJ, Chang
KM. Suppression of HCV-specific T cells without differential
hierarchy demonstrated ex vivo in persistent HCV infection.
Hepatology 2003; 38: 1437-1448 [PMID: 14647055]
Bowen DG, Shoukry NH, Grakoui A, Fuller MJ, Cawthon AG,
Dong C, Hasselschwert DL, Brasky KM, Freeman GJ, Seth NP,
Wucherpfennig KW, Houghton M, Walker CM. Variable patterns
of programmed death-1 expression on fully functional memory T
cells after spontaneous resolution of hepatitis C virus infection. J
Virol 2008; 82: 5109-5114 [PMID: 18337576]
Golden-Mason L, Palmer B, Klarquist J, Mengshol JA,
Castelblanco N, Rosen HR. Upregulation of PD-1 expression on
circulating and intrahepatic hepatitis C virus-specific CD8+ T cells
associated with reversible immune dysfunction. J Virol 2007; 81:
9249-9258 [PMID: 17567698]
Golden-Mason L, Klarquist J, Wahed AS, Rosen HR. Cutting
edge: programmed death-1 expression is increased on immunocytes
in chronic hepatitis C virus and predicts failure of response to
antiviral therapy: race-dependent differences. J Immunol 2008;
180: 3637-3641 [PMID: 18322167]
Abdel-Hakeem MS, Bédard N, Badr G, Ostrowski M, Sékaly RP,
Bruneau J, Willems B, Heathcote EJ, Shoukry NH. Comparison
of immune restoration in early versus late alpha interferon therapy
against hepatitis C virus. J Virol 2010; 84: 10429-10435 [PMID:
20668076 DOI: 10.1128/JVI.01094-10]

WJG|www.wjgnet.com

24

25

26
27
28

29
30
31

32

33

34

35

36

37
38

39

10746

Barnes E, Gelderblom HC, Humphreys I, Semmo N, Reesink HW,
Beld MG, van Lier RA, Klenerman P. Cellular immune responses
during high-dose interferon-alpha induction therapy for hepatitis C
virus infection. J Infect Dis 2009; 199: 819-828 [PMID: 19434929
DOI: 10.1086/597072]
Missale G, Pilli M, Zerbini A, Penna A, Ravanetti L, Barili V,
Orlandini A, Molinari A, Fasano M, Santantonio T, Ferrari C. Lack
of full CD8 functional restoration after antiviral treatment for acute
and chronic hepatitis C virus infection. Gut 2012; 61: 1076-1084
[PMID: 22337949 DOI: 10.1136/gutjnl-2011-300515]
Odorizzi PM, Wherry EJ. Immunology. An interferon paradox.
Science 2013; 340: 155-156 [PMID: 23580520 DOI: 10.1126/
science.1237568]
Welsh RM, Bahl K, Marshall HD, Urban SL. Type 1 interferons
and antiviral CD8 T-cell responses. PLoS Pathog 2012; 8:
e1002352 [PMID: 22241987 DOI: 10.1371/journal.ppat.1002352]
Martin B, Hennecke N, Lohmann V, Kayser A, Neumann-Haefelin
C, Kukolj G, Böcher WO, Thimme R. Restoration of HCV-specific
CD8+ T cell function by interferon-free therapy. J Hepatol 2014;
61: 538-543 [PMID: 24905492]
Baumert TF, Fauvelle C, Chen DY, Lauer GM. A prophylactic
hepatitis C virus vaccine: a distant peak still worth climbing. J Hepatol
2014; 61: S34-S44 [PMID: 25443345 DOI: 10.1016/j.jhep.2014.09.009]
Tarr AW, Urbanowicz RA, Ball JK. The role of humoral innate
immunity in hepatitis C virus infection. Viruses 2012; 4: 1-27
[PMID: 22355450 DOI: 10.3390/v4010001]
Folgori A, Capone S, Ruggeri L, Meola A, Sporeno E, Ercole BB,
Pezzanera M, Tafi R, Arcuri M, Fattori E, Lahm A, Luzzago A,
Vitelli A, Colloca S, Cortese R, Nicosia A. A T-cell HCV vaccine
eliciting effective immunity against heterologous virus challenge in
chimpanzees. Nat Med 2006; 12: 190-197 [PMID: 16462801]
Barnes E, Folgori A, Capone S, Swadling L, Aston S, Kurioka A,
Meyer J, Huddart R, Smith K, Townsend R, Brown A, Antrobus
R, Ammendola V, Naddeo M, O’Hara G, Willberg C, Harrison A,
Grazioli F, Esposito ML, Siani L, Traboni C, Oo Y, Adams D, Hill A,
Colloca S, Nicosia A, Cortese R, Klenerman P. Novel adenovirusbased vaccines induce broad and sustained T cell responses to
HCV in man. Sci Transl Med 2012; 4: 115ra1 [PMID: 22218690
DOI: 10.1126/scitranslmed.3003155]
Ray R, Meyer K, Banerjee A, Basu A, Coates S, Abrignani S,
Houghton M, Frey SE, Belshe RB. Characterization of antibodies
induced by vaccination with hepatitis C virus envelope glycoproteins.
J Infect Dis 2010; 202: 862-866 [PMID: 20677942 DOI:
10.1086/655902]
de Jong YP, Dorner M, Mommersteeg MC, Xiao JW, Balazs AB,
Robbins JB, Winer BY, Gerges S, Vega K, Labitt RN, Donovan
BM, Giang E, Krishnan A, Chiriboga L, Charlton MR, Burton
DR, Baltimore D, Law M, Rice CM, Ploss A. Broadly neutralizing
antibodies abrogate established hepatitis C virus infection. Sci
Transl Med 2014; 6: 254ra129 [PMID: 25232181 DOI: 10.1126/
scitranslmed.3009512]
Kong L, Giang E, Nieusma T, Kadam RU, Cogburn KE, Hua
Y, Dai X, Stanfield RL, Burton DR, Ward AB, Wilson IA, Law
M. Hepatitis C virus E2 envelope glycoprotein core structure.
Science 2013; 342: 1090-1094 [PMID: 24288331 DOI: 10.1126/
science.1243876]
Thomson EC, Smith JA, Klenerman P. The natural history of early
hepatitis C virus evolution; lessons from a global outbreak in human
immunodeficiency virus-1-infected individuals. J Gen Virol 2011;
92: 2227-2236 [PMID: 21775583 DOI: 10.1099/vir.0.033910-0]
Schoggins JW, Rice CM. Interferon-stimulated genes and their
antiviral effector functions. Curr Opin Virol 2011; 1: 519-525
[PMID: 22328912 DOI: 10.1016/j.coviro.2011.10.008]
Saito T, Owen DM, Jiang F, Marcotrigiano J, Gale M. Innate
immunity induced by composition-dependent RIG-I recognition
of hepatitis C virus RNA. Nature 2008; 454: 523-527 [PMID:
18548002 DOI: 10.1038/nature07106]
Malathi K, Saito T, Crochet N, Barton DJ, Gale M, Silverman RH.
RNase L releases a small RNA from HCV RNA that refolds into a
potent PAMP. RNA 2010; 16: 2108-2119 [PMID: 20833746 DOI:

October 14, 2015|Volume 21|Issue 38|

Sun J et al . Immune and non-immune responses to HCV infection

40

41

42

43
44

45

46

47

48
49

50
51

52

53

54

55

56

10.1261/rna.2244210]
Liu HM, Loo YM, Horner SM, Zornetzer GA, Katze MG, Gale M.
The mitochondrial targeting chaperone 14-3-3ε regulates a RIG-I
translocon that mediates membrane association and innate antiviral
immunity. Cell Host Microbe 2012; 11: 528-537 [PMID: 22607805
DOI: 10.1016/j.chom.2012.04.006]
Saito T, Hirai R, Loo YM, Owen D, Johnson CL, Sinha SC, Akira
S, Fujita T, Gale M. Regulation of innate antiviral defenses through
a shared repressor domain in RIG-I and LGP2. Proc Natl Acad Sci
USA 2007; 104: 582-587 [PMID: 17190814]
Gack MU, Shin YC, Joo CH, Urano T, Liang C, Sun L, Takeuchi
O, Akira S, Chen Z, Inoue S, Jung JU. TRIM25 RING-finger E3
ubiquitin ligase is essential for RIG-I-mediated antiviral activity.
Nature 2007; 446: 916-920 [PMID: 17392790]
Horner SM, Gale M. Regulation of hepatic innate immunity by
hepatitis C virus. Nat Med 2013; 19: 879-888 [PMID: 23836238
DOI: 10.1038/nm.3253]
Kawai T, Takahashi K, Sato S, Coban C, Kumar H, Kato H, Ishii
KJ, Takeuchi O, Akira S. IPS-1, an adaptor triggering RIG-I- and
Mda5-mediated type I interferon induction. Nat Immunol 2005; 6:
981-988 [PMID: 16127453]
Yamamoto M, Sato S, Hemmi H, Hoshino K, Kaisho T, Sanjo
H, Takeuchi O, Sugiyama M, Okabe M, Takeda K, Akira S. Role
of adaptor TRIF in the MyD88-independent toll-like receptor
signaling pathway. Science 2003; 301: 640-643 [PMID: 12855817]
Hemmi H, Takeuchi O, Sato S, Yamamoto M, Kaisho T, Sanjo
H, Kawai T, Hoshino K, Takeda K, Akira S. The roles of two
IkappaB kinase-related kinases in lipopolysaccharide and double
stranded RNA signaling and viral infection. J Exp Med 2004; 199:
1641-1650 [PMID: 15210742]
Lee HC, Narayanan S, Park SJ, Seong SY, Hahn YS. Transcriptional
regulation of IFN-λ genes in hepatitis C virus-infected hepatocytes
via IRF-3·IRF-7·NF-κB complex. J Biol Chem 2014; 289:
5310-5319 [PMID: 24385435 DOI: 10.1074/jbc.M113.536102]
Sharma S, tenOever BR, Grandvaux N, Zhou GP, Lin R, Hiscott J.
Triggering the interferon antiviral response through an IKK-related
pathway. Science 2003; 300: 1148-1151 [PMID: 12702806]
Sommereyns C, Paul S, Staeheli P, Michiels T. IFN-lambda (IFNlambda) is expressed in a tissue-dependent fashion and primarily
acts on epithelial cells in vivo. PLoS Pathog 2008; 4: e1000017
[PMID: 18369468 DOI: 10.1371/journal.ppat.1000017]
Platanias LC. Mechanisms of type-I- and type-II-interferonmediated signalling. Nat Rev Immunol 2005; 5: 375-386 [PMID:
15864272]
Shuai K, Ziemiecki A, Wilks AF, Harpur AG, Sadowski HB,
Gilman MZ, Darnell JE. Polypeptide signalling to the nucleus
through tyrosine phosphorylation of Jak and Stat proteins. Nature
1993; 366: 580-583 [PMID: 7504784]
Tenoever BR, Ng SL, Chua MA, McWhirter SM, García-Sastre
A, Maniatis T. Multiple functions of the IKK-related kinase
IKKepsilon in interferon-mediated antiviral immunity. Science
2007; 315: 1274-1278 [PMID: 17332413]
Rajsbaum R, Versteeg GA, Schmid S, Maestre AM, BelichaVillanueva A, Martínez-Romero C, Patel JR, Morrison J,
Pisanelli G, Miorin L, Laurent-Rolle M, Moulton HM, Stein DA,
Fernandez-Sesma A, tenOever BR, García-Sastre A. Unanchored
K48-linked polyubiquitin synthesized by the E3-ubiquitin ligase
TRIM6 stimulates the interferon-IKKε kinase-mediated antiviral
response. Immunity 2014; 40: 880-895 [PMID: 24882218 DOI:
10.1016/j.immuni.2014.04.018]
Mukherjee A, Di Bisceglie AM, Ray RB. Hepatitis C virusmediated enhancement of microRNA miR-373 impairs the JAK/
STAT signaling pathway. J Virol 2015; 89: 3356-3365 [PMID:
25589644 DOI: 10.1128/JVI.03085-14]
Lin W, Choe WH, Hiasa Y, Kamegaya Y, Blackard JT, Schmidt
EV, Chung RT. Hepatitis C virus expression suppresses interferon
signaling by degrading STAT1. Gastroenterology 2005; 128:
1034-1041 [PMID: 15825084]
Stevenson NJ, Bourke NM, Ryan EJ, Binder M, Fanning L,
Johnston JA, Hegarty JE, Long A, O’Farrelly C. Hepatitis C

WJG|www.wjgnet.com

57

58
59

60

61

62

63

64

65

66

67

68
69

70

71

10747

virus targets the interferon-α JAK/STAT pathway by promoting
proteasomal degradation in immune cells and hepatocytes. FEBS
Lett 2013; 587: 1571-1578 [PMID: 23587486]
Muir AJ, Shiffman ML, Zaman A, Yoffe B, de la Torre A, Flamm
S, Gordon SC, Marotta P, Vierling JM, Lopez-Talavera JC, ByrnesBlake K, Fontana D, Freeman J, Gray T, Hausman D, Hunder NN,
Lawitz E. Phase 1b study of pegylated interferon lambda 1 with or
without ribavirin in patients with chronic genotype 1 hepatitis C
virus infection. Hepatology 2010; 52: 822-832 [PMID: 20564352
DOI: 10.1002/hep.23743]
Ramos EL. Preclinical and clinical development of pegylated
interferon-lambda 1 in chronic hepatitis C. J Interferon Cytokine
Res 2010; 30: 591-595 [PMID: 20645873]
Sarasin-Filipowicz M, Wang X, Yan M, Duong FH, Poli V, Hilton
DJ, Zhang DE, Heim MH. Alpha interferon induces long-lasting
refractoriness of JAK-STAT signaling in the mouse liver through
induction of USP18/UBP43. Mol Cell Biol 2009; 29: 4841-4851
[PMID: 19564419 DOI: 10.1128/MCB.00224-09]
Makowska Z, Duong FH, Trincucci G, Tough DF, Heim MH.
Interferon-β and interferon-λ signaling is not affected by interferoninduced refractoriness to interferon-α in vivo. Hepatology 2011;
53: 1154-1163 [PMID: 21480323 DOI: 10.1002/hep.24189]
Muir AJ, Arora S, Everson G, Flisiak R, George J, Ghalib R,
Gordon SC, Gray T, Greenbloom S, Hassanein T, Hillson J, Horga
MA, Jacobson IM, Jeffers L, Kowdley KV, Lawitz E, Lueth S,
Rodriguez-Torres M, Rustgi V, Shemanski L, Shiffman ML,
Srinivasan S, Vargas HE, Vierling JM, Xu D, Lopez-Talavera JC,
Zeuzem S. A randomized phase 2b study of peginterferon lambda1a for the treatment of chronic HCV infection. J Hepatol 2014; 61:
1238-1246 [PMID: 25064437 DOI: 10.1016/j.jhep.2014.07.022]
Friborg J, Ross-Macdonald P, Cao J, Willard R, Lin B, Eggers
B, McPhee F. Impairment of type I but not type III IFN signaling
by hepatitis C virus infection influences antiviral responses in
primary human hepatocytes. PLoS One 2015; 10: e0121734 [PMID:
25826356 DOI: 10.1371/journal.pone.0121734]
Li K, Foy E, Ferreon JC, Nakamura M, Ferreon AC, Ikeda M,
Ray SC, Gale M, Lemon SM. Immune evasion by hepatitis C
virus NS3/4A protease-mediated cleavage of the Toll-like receptor
3 adaptor protein TRIF. Proc Natl Acad Sci USA 2005; 102:
2992-2997 [PMID: 15710891]
Wang Y, Li J, Wang X, Ye L, Zhou Y, Thomas RM, Ho W.
Hepatitis C virus impairs TLR3 signaling and inhibits IFN-λ 1
expression in human hepatoma cell line. Innate Immun 2014; 20:
3-11 [PMID: 23529855 DOI: 10.1177/1753425913478991]
Oudshoorn D, Versteeg GA, Kikkert M. Regulation of the innate
immune system by ubiquitin and ubiquitin-like modifiers. Cytokine
Growth Factor Rev 2012; 23: 273-282 [PMID: 22964110 DOI:
10.1016/j.cytogfr.2012.08.003]
Rajsbaum R, García-Sastre A. Viral evasion mechanisms of early
antiviral responses involving regulation of ubiquitin pathways.
Trends Microbiol 2013; 21: 421-429 [PMID: 23850008 DOI:
10.1016/j.tim.2013.06.006]
Banerjee I, Miyake Y, Nobs SP, Schneider C, Horvath P, Kopf M,
Matthias P, Helenius A, Yamauchi Y. Influenza A virus uses the
aggresome processing machinery for host cell entry. Science 2014;
346: 473-477 [PMID: 25342804 DOI: 10.1126/science.1257037]
Rajsbaum R, García-Sastre A. Virology. Unanchored ubiquitin in
virus uncoating. Science 2014; 346: 427-428 [PMID: 25342790
DOI: 10.1126/science.1261509]
Oshiumi H, Miyashita M, Matsumoto M, Seya T. A distinct role
of Riplet-mediated K63-Linked polyubiquitination of the RIG-I
repressor domain in human antiviral innate immune responses.
PLoS Pathog 2013; 9: e1003533 [PMID: 23950712 DOI: 10.1371/
journal.ppat.1003533]
Barr SD, Smiley JR, Bushman FD. The interferon response
inhibits HIV particle production by induction of TRIM22. PLoS
Pathog 2008; 4: e1000007 [PMID: 18389079 DOI: 10.1371/
journal.ppat.1000007]
Carthagena L, Bergamaschi A, Luna JM, David A, Uchil PD,
Margottin-Goguet F, Mothes W, Hazan U, Transy C, Pancino G,

October 14, 2015|Volume 21|Issue 38|

Sun J et al . Immune and non-immune responses to HCV infection

72

73

74

75

76

77
78
79

80

81
82

83

84

Nisole S. Human TRIM gene expression in response to interferons.
PLoS One 2009; 4: e4894 [PMID: 19290053 DOI: 10.1371/
journal.pone.0004894]
Tissot C, Mechti N. Molecular cloning of a new interferon-induced
factor that represses human immunodeficiency virus type 1 long
terminal repeat expression. J Biol Chem 1995; 270: 14891-14898
[PMID: 7797467]
Sadeghi F, Bokharaei-Salim F, Salehi-Vaziri M, Monavari SH,
Alavian SM, Salimi S, Vahabpour R, Keyvani H. Associations
between human TRIM22 gene expression and the response to
combination therapy with Peg-IFNα-2a and ribavirin in Iranian
patients with chronic hepatitis C. J Med Virol 2014; 86: 1499-1506
[PMID: 24889558 DOI: 10.1002/jmv.23985]
Yang C, Zhao X, Sun D, Yang L, Chong C, Pan Y, Chi X, Gao
Y, Wang M, Shi X, Sun H, Lv J, Gao Y, Zhong J, Niu J, Sun
B6. Interferon alpha (IFNα)-induced TRIM22 interrupts HCV
replication by ubiquitinating NS5A. Cell Mol Immunol 2015; Epub
ahead of print [PMID: 25683609 DOI: 10.1038/cmi.2014.131]
Li Q, Zhang YY, Chiu S, Hu Z, Lan KH, Cha H, Sodroski C,
Zhang F, Hsu CS, Thomas E, Liang TJ. Integrative functional
genomics of hepatitis C virus infection identifies host dependencies
in complete viral replication cycle. PLoS Pathog 2014; 10:
e1004163 [PMID: 24852294 DOI: 10.1371/journal.ppat.1004163]
Lee HS, Lim YS, Park EM, Baek SH, Hwang SB. SUMOylation
of nonstructural 5A protein regulates hepatitis C virus replication. J
Viral Hepat 2014; 21: e108-e117 [PMID: 24602294 DOI: 10.1111/
jvh.12241]
Morales DJ, Lenschow DJ. The antiviral activities of ISG15. J
Mol Biol 2013; 425: 4995-5008 [PMID: 24095857 DOI: 10.1016/
j.jmb.2013.09.041]
Kim MJ, Yoo JY. Inhibition of hepatitis C virus replication by
IFN-mediated ISGylation of HCV-NS5A. J Immunol 2010; 185:
4311-4318 [PMID: 20810994 DOI: 10.4049/jimmunol.1000098]
Chen L, Sun J, Meng L, Heathcote J, Edwards AM, McGilvray
ID. ISG15, a ubiquitin-like interferon-stimulated gene, promotes
hepatitis C virus production in vitro: implications for chronic
infection and response to treatment. J Gen Virol 2010; 91: 382-388
[PMID: 19846672 DOI: 10.1099/vir.0.015388-0]
Broering R, Zhang X, Kottilil S, Trippler M, Jiang M, Lu M,
Gerken G, Schlaak JF. The interferon stimulated gene 15 functions
as a proviral factor for the hepatitis C virus and as a regulator of
the IFN response. Gut 2010; 59: 1111-1119 [PMID: 20639253
DOI: 10.1136/gut.2009.195545]
Malakhov MP, Malakhova OA, Kim KI, Ritchie KJ, Zhang DE.
UBP43 (USP18) specifically removes ISG15 from conjugated
proteins. J Biol Chem 2002; 277: 9976-9981 [PMID: 11788588]
Malakhova OA, Yan M, Malakhov MP, Yuan Y, Ritchie KJ,
Kim KI, Peterson LF, Shuai K, Zhang DE. Protein ISGylation
modulates the JAK-STAT signaling pathway. Genes Dev 2003; 17:
455-460 [PMID: 12600939]
Randall G, Chen L, Panis M, Fischer AK, Lindenbach BD, Sun
J, Heathcote J, Rice CM, Edwards AM, McGilvray ID. Silencing
of USP18 potentiates the antiviral activity of interferon against
hepatitis C virus infection. Gastroenterology 2006; 131: 1584-1591
[PMID: 17101330]
Real CI, Megger DA, Sitek B, Jahn-Hofmann K, Ickenstein LM,

85

86

87

88
89

90

91

92

93

94
95

96

John MJ, Walker A, Timm J, Kuhlmann K, Eisenacher M, Meyer
HE, Gerken G, Broering R, Schlaak JF. Identification of proteins
that mediate the pro-viral functions of the interferon stimulated
gene 15 in hepatitis C virus replication. Antiviral Res 2013; 100:
654-661 [PMID: 24416772]
Munakata T, Liang Y, Kim S, McGivern DR, Huibregtse J,
Nomoto A, Lemon SM. Hepatitis C virus induces E6AP-dependent
degradation of the retinoblastoma protein. PLoS Pathog 2007; 3:
1335-1347 [PMID: 17907805]
Munakata T, Nakamura M, Liang Y, Li K, Lemon SM. Downregulation of the retinoblastoma tumor suppressor by the hepatitis
C virus NS5B RNA-dependent RNA polymerase. Proc Natl Acad
Sci USA 2005; 102: 18159-18164 [PMID: 16332962]
Starr R, Willson TA, Viney EM, Murray LJ, Rayner JR, Jenkins
BJ, Gonda TJ, Alexander WS, Metcalf D, Nicola NA, Hilton DJ. A
family of cytokine-inducible inhibitors of signalling. Nature 1997;
387: 917-921 [PMID: 9202125]
Shoji I. Roles of the two distinct proteasome pathways in hepatitis
C virus infection. World J Virol 2012; 1: 44-50 [PMID: 24175210
DOI: 10.5501/wjv.v1.i2.44]
Raychoudhuri A, Shrivastava S, Steele R, Kim H, Ray R,
Ray RB. ISG56 and IFITM1 proteins inhibit hepatitis C virus
replication. J Virol 2011; 85: 12881-12889 [PMID: 21976647 DOI:
10.1128/JVI.05633-11]
Wilkins C, Woodward J, Lau DT, Barnes A, Joyce M, McFarlane
N, McKeating JA, Tyrrell DL, Gale M. IFITM1 is a tight junction
protein that inhibits hepatitis C virus entry. Hepatology 2013; 57:
461-469 [PMID: 22996292 DOI: 10.1002/hep.26066]
Metz P, Dazert E, Ruggieri A, Mazur J, Kaderali L, Kaul A, Zeuge
U, Windisch MP, Trippler M, Lohmann V, Binder M, Frese M,
Bartenschlager R. Identification of type I and type II interferoninduced effectors controlling hepatitis C virus replication.
Hepatology 2012; 56: 2082-2093 [PMID: 22711689 DOI: 10.1002/
hep.25908]
Brass AL, Huang IC, Benita Y, John SP, Krishnan MN, Feeley
EM, Ryan BJ, Weyer JL, van der Weyden L, Fikrig E, Adams DJ,
Xavier RJ, Farzan M, Elledge SJ. The IFITM proteins mediate
cellular resistance to influenza A H1N1 virus, West Nile virus, and
dengue virus. Cell 2009; 139: 1243-1254 [PMID: 20064371 DOI:
10.1016/j.cell.2009.12.017]
Jiang D, Guo H, Xu C, Chang J, Gu B, Wang L, Block TM, Guo
JT. Identification of three interferon-inducible cellular enzymes
that inhibit the replication of hepatitis C virus. J Virol 2008; 82:
1665-1678 [PMID: 18077728]
Park K, Scott AL. Cholesterol 25-hydroxylase production by
dendritic cells and macrophages is regulated by type I interferons.
J Leukoc Biol 2010; 88: 1081-1087 [PMID: 20699362]
Ye J, Wang C, Sumpter R, Brown MS, Goldstein JL, Gale M.
Disruption of hepatitis C virus RNA replication through inhibition
of host protein geranylgeranylation. Proc Natl Acad Sci USA 2003;
100: 15865-15870 [PMID: 14668447]
Chen Y, Wang S, Yi Z, Tian H, Aliyari R, Li Y, Chen G, Liu
P, Zhong J, Chen X, Du P, Su L, Qin FX, Deng H, Cheng G.
Interferon-inducible cholesterol-25-hydroxylase inhibits hepatitis
C virus replication via distinct mechanisms. Sci Rep 2014; 4: 7242
[PMID: 25467815 DOI: 10.1038/srep07242]
P- Reviewer: Takahashi T S- Editor: Ma YJ L- Editor: A
E- Editor: Ma S

WJG|www.wjgnet.com

10748

October 14, 2015|Volume 21|Issue 38|

World J Gastroenterol 2015 October 14; 21(38): 10749-10759
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i38.10749

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Hepatitis C virus

hepatitis c virus markers in infection by hepatitis c virus:
In the era of directly acting antivirals
Nicola Coppola, Mariantonietta Pisaturo, Rosa Zampino, Margherita Macera, Caterina Sagnelli, Evangelista Sagnelli
Nicola Coppola, Mariantonietta Pisaturo, Margherita Macera,
Evangelista Sagnelli, Department of Mental Health and Public
Medicine, Section of Infectious Diseases, Second University of
Naples, 80131 Naples, Italy
Mariantonietta Pisaturo, Division of Infectious Diseases,
AORN Sant’Anna e San Sebastiano di Caserta, 81100 Caserta,
Italy
Rosa Zampino, Internal Medicine and Hepatology, Second
University of Naples, 80131 Naples, Italy
Caterina Sagnelli, Department of Clinical and Experimental
Medicine and Surgery “F. Magrassi e A. Lanzara”, Second
University of Naples, 80131 Naples, Italy
Author contributions: All authors substantial contributed
to conception and design, acquisition of data, or analysis and
interpretation of data; Coppola N contributed to drafting the
article or revising it critically for important intellectual content;
Pisaturo M analysis of “HCV markers in Diagnosis of chronic
HCV infection and in Assessment of the severity of chronic
hepatitis C”; Zampino R analysis of “HCV-RNA kinetics and
clearance as markers of remission”; Macera M analysis of
“Assessment of factors associated with the response to antiviral treatment”; Sagnelli C analysis of “HCV markers in acute
hepatitis C”; Sagnelli E contributed to drafting the article and
revising it critically for important intellectual content; and all
authors approved the final version to be published.
Conflict-of-interest statement: All the authors of the
manuscript declare that they have no conflict of interest in
connection with this paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

WJG|www.wjgnet.com

Correspondence to: Nicola Coppola, MD, PhD, Assistant
Professor of Infectious Diseases, Department of Mental Health
and Public Medicine, Section of Infectious Diseases, Second
University of Naples, Via L. Armanni 5, 80131 Naples,
Italy. nicola.coppola@unina2.it
Telephone: +39-815-666719
Fax: +39-815-666013
Received: April 26, 2015
Peer-review started: April 28, 2015
First decision: June 2, 2015
Revised: July 4, 2015
Accepted: September 2, 2015
Article in press: September 2, 2015
Published online: October 14, 2015

Abstract
About 130-170 million people are infected with the
hepatitis C virus (HCV) worldwide and more than
350000 people die each year of HCV-related liver
diseases. The combination of pegylated interferon
(Peg-IFN) and ribavirin (RBV) was recommended as
the treatment of choice for chronic hepatitis C for
nearly a decade. In 2011 the directly acting antivirals
(DAA) HCV NS3/4A protease inhibitors, telaprevir and
boceprevir, were approved to treat HCV-genotype-1
infection, each in triple combination with Peg-IFN
and RBV. These treatments allowed higher rates of
SVR than the double Peg-IFN + RBV, but the low
tolerability and high pill burden of these triple regimes
were responsible for reduced adherence and early
treatment discontinuation. The second and third wave
DAAs introduced in 2013-2014 enhanced the efficacy
and tolerability of anti-HCV treatment. Consequently,
the traditional indicators for disease management
and predictors of treatment response should be
revised in light of these new therapeutic options. This
review article will focus on the use of the markers
of HCV infection and replication, of laboratory and
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instrumental data to define the stage of the disease
and of predictors, if any, of response to therapy in
the DAA era. The article is addressed particularly to
physicians who have patients with hepatitis C in care
in their everyday clinical practice.
Key words: Chronic hepatitis C; Hepatitis C virus
replication; Directly acting antivirals; Staging; Hepatitis
C virus infection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The second and third wave directly acting
antivirals introduced in 2013-2014 enhanced the
efficacy and tolerability of anti-hepatitis C virus (HCV)
treatment. Consequently, the traditional indicators
for disease management and predictors of treatment
response should be revised in light of these new
therapeutic options. This review article analyzes the
modern use of the markers of HCV infection in: (1)
the diagnosis of acute hepatitis C; (2) the diagnosis
of chronic HCV infection; (3) the assessment of the
severity of chronic hepatitis C; (4) the assessment
of factors associated with response to anti-viral
treatment; and (5) HCV-RNA kinetics and clearance as
markers of remission.
Coppola N, Pisaturo M, Zampino R, Macera M, Sagnelli C,
Sagnelli E. hepatitis C virus markers in infection by hepatitis
C virus: In the era of directly acting antivirals. World J
Gastroenterol 2015; 21(38): 10749-10759 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i38/10749.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i38.10749

HCV MARKERS IN AHC

INTRODUCTION
The World Health Organization (WHO) estimates that
130-170 million people are infected with hepatitis C
virus (HCV) worldwide and that more than 350000
[1]
people die each year of HCV-related liver diseases .
Primary infection causes acute hepatitis C (AHC),
which is asymptomatic in the majority of cases, but
progresses to chronicity in about two-thirds of the
cases and spontaneously remits in the remaining
[2-7]
one-third . Patients with chronic hepatitis C (CHC)
frequently show increasing severity of liver fibrosis
over time, which leads to liver cirrhosis in nearly a
quarter of cases. Hepatocellular carcinoma (HCC)
develops in HCV-related liver cirrhosis with a yearly
[8-16]
rate around 3%
.
The combination of pegylated interferon (PegIFN) and ribavirin (RBV) was recommended as the
[17-22]
treatment of choice for CHC for nearly a decade
.
This treatment, although poorly tolerated, provided a
sustained clearance of circulating HCV (sustained viral
response - SVR) in half of the patients with CHC due to
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HCV genotype 1 and in nearly 70% of those with HCV
genotype 2 or 3. Several predictors of an unfavorable
response to this treatment have been identified: viral
(HCV genotype 1 or 4 and a slow decline in serum
HCV RNA during treatment), host factors (male
sex, older age), a co-pathology (insulin resistance,
diabetes), Afro-American ethnicity, severe fibrosis
and/or steatosis, high body mass index and interleukin
[23]
(IL) 28-B non-CC genotype . In 2011 the directly
acting antivirals (DAAs) NS3/4A protease inhibitors
telaprevir and boceprevir were approved to treat HCVgenotype-1 infection, each in triple combination with
[24-27]
Peg-IFN and RBV
. These treatments allowed
higher rates of SVR than the double Peg-IFN +
[18,28-33]
RBV
, but the low tolerability and high pill burden
[34]
of these triple regimes were responsible for reduced
adherence and early treatment discontinuation. The
second and third wave DAAs introduced in 2013-2014
enhanced the efficacy and tolerability of anti-HCV
[35,36]
treatment
. In fact the second and third generation
DAAs afford SVR rates above 90%, regardless of HCV
genotype, better tolerability and adherence used either
in IFN-free regimens or in combination with interferon
[37-40]
and ribavirin
. Consequently, the traditional
indicators for disease management and predictors of
treatment response should be revised in light of these
new therapeutic options.
This review article will focus on the use of the
markers of HCV infection and replication, of laboratory
and instrumental data to define the stage of the
disease and of predictors, if any, of response to therapy
in the DAA era (Table 1). The article is addressed
particularly to physicians who have patients with
hepatitis C in care in their everyday clinical practice.

In its symptomatic form AHC is characterized by
nausea, malaise, abdominal pain, jaundice and
[41-43]
by the typical biochemical abnormalities
. The
HCV etiology is usually established on the basis of
a documented seroconversion to anti-HCV and/or
HCV-RNA positivity during the natural course of the
[19,39,44,45]
illness
, but it is impossible to establish for
patients first observed when seroconversion has
already occurred. In addition, AHC remains frequently
undiagnosed because asymptomatic in the majority of
[41]
the cases . Despite its typically mild clinical course,
AHC progresses to chronicity in nearly 70% of the
cases. Treatment with a 3- or 6-mo course of PegIFN has been shown to be effective in eradicating
acute HCV infection in most cases, but to date no
standardized treatment schedule has been defined.
Delaying the treatment to 8-12 wk after the beginning
of the illness allows the identification of cases that
resolve spontaneously and does not compromise the
efficacy. The use of IFN-free treatment regimens for
AHC patients awaits assessment.
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Table 1 Viral and host markers useful for the management or treatment of chronic hepatitis C

Anti-HCV assay
HCV-RNA assay

HCV genotype
HCV Q80K polymorphism
Markers of liver fibrosis (liver
biopsy/non-invasive methods)
IL-28B polymorphism
ITPA polymorphism

Roles in the Peg-IFN era

Roles in the DAA era

Diagnosis/screening
Diagnosis/active replication
Pre-treatment predictor of response to antiviral
treatments
Monitoring antiviral treatment
Assessment of response to treatment
Pre-treatment predictor of response to antiviral
treatments
None

Diagnosis/screening
Diagnosis/active replication
Assessment of response to treatment

Staging of liver disease
Pre-treatment predictors of response to antiviral
treatments
Pre-treatment predictor of response to antiviral
treatments
Pre-treatment predictive factor of hemolytic anemia
during ribavirin-based regimen

Choosing the most appropriate DAA regimen
Selecting patients with HCV-genotype 1a for the simeprevir
plus Peg-IFN regimen
Staging of liver disease
Selecting the patients with urgency for DAA-based treatment
Pre-treatment predictor of response only in Peg-IFN-based
regimens
Indicator of risk/benefit of using ribavirin in a DAA-based
regimen

Peg-IFN: Pegylated interferon; DAAs: Directly acting antivirals; HCV: Hepatitis C virus; IL: Interleukin.

New strategies for an early diagnosis of AHC have
[46,47]
. In addition, attempts have been
been investigated
made to distinguish this clinical form from an acute
exacerbation of CHC, a clinical event characterized by a
substantial increase in serum alanine aminotransferase
(ALT) levels above the previous values in patients with
[6,7,48-50]
CHC
. A combined use in serial serum samples
of the rise in the anti-HCV titers and of the changes
in antibody positivity in a recombinant immunoblot
[46]
assay was found to be of some use by Lu et al .
[47]
Araujo et al , using a flow-cytometric microsphere
immunoassay to measure anti-HCV IgG reactivity to the
core NS3, NS4 and NS5 HCV recombinant proteins,
correctly classified serum samples of AHC and CHC
with a cross-validation of 90.8% for the AHC group
and 97.2% for the CHC group. The role of anti-HCV
IgG avidity and anti-HCV IgM titers to diagnose AHC
[5,51-54]
have been extensively investigated
. A successful
attempt to distinguish between AHC and a reactivation
[4]
of CHC was made by Sagnelli et al by carrying out a
serial determination of anti-HCV IgM at two or three
checking points within the third week from the disease
onset. In another study by the same group, Coppola et
[5]
al successfully explored the distinction between AHC
and a reactivation of CHC using the avidity of antiHCV IgG to diagnose AHC. When both methods (antiHCV IgM titer and anti-HCV IgG avidity) were applied
to serial serum samples obtained during the illness,
the distinction between the two clinical forms reached
a level of sensitivity and specificity approaching 95%.
The IgG avidity assay showed the highest efficacy
during the initial two weeks of the illness and the IgM
[53]
titer assay during the subsequent two weeks .
The diagnosis of AHC remains important even
in the DAA era, since, although not yet assessed, it
seems reasonable that all or nearly all patients with
AHC can be cured with a short DAA-based regimen.
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HCV MARKERS IN CHC
Diagnosis of chronic HCV infection

The diagnosis of CHC is based on the detection of
serum anti-HCV and HCV RNA, elevated serum values
of aminotransferases for at least six months and
[8,19,39]
necroinflammation and fibrosis in liver tissue
.
Screening to detect anti-HCV in serum is indicated
for persons with a history of intravenous drug use,
or sharing paraphernalia for intranasal drug use,
acupuncture, body piercing or tattooing, persons who
received blood, blood products or solid organs before
1992, hemodialysis patients, children born of HCVinfected mothers, patients with hepatitis B virus (HBV)
infection and those with human immunodeficiency
[19,55-61]
virus (HIV) infection
. Anti-HCV-positive subjects
should be tested for serum HCV RNA, the confirmatory
[62-65]
test of an ongoing HCV infection
.
Anti-HCV can be detected by an enzyme-linked
immunosorbent assay, three generations of which have
been developed since 1989. The first generation assay,
incorporating the recombinant c100-3 epitope from the
NS4 region was used until 1992, when it was replaced
with the second generation assay incorporating the
epitopes c22-3 and c33c from the HCV core and NS3
regions, respectively. The third generation assay
used at present contains reconfigured core and NS3
antigens and a newly incorporated antigen from
[62,66,67]
the NS5 region
, is more sensitive than the
previous assays and has a diagnostic specificity of
[62]
over 99% . However, the third generation enzyme
immunoassays can, albeit rarely, yield false-negative
results in immunocompromised patients and in those
[19]
undergoing hemodialysis .
More recently an assay for a rapid detection of antiHCV in fingerstick capillary blood, venipuncture whole
[68]
blood or saliva has been developed . This assay, easy
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to perform and time-saving, has a good sensitivity and
specificity and is particularly indicated for screening
large populations.
The recombinant immunoblot assay, used in the
past as a confirmatory assay of HCV infection, has not
[69]
been recommended since 2013 . Subjects found to
be anti-HCV-positive at screening should be tested
for HCV RNA, the serum marker of HCV replication
and current infection. Real-time PCR technologies can
quantify HCV RNA during the exponential phase of
amplification, with great sensitivity and a broad linear
dynamic range (about 10 to 108 IU/mL). The majority
of the commercial HCV RNA assays used by the clinical
laboratories are based on the WHO international
[70]
standard for HCV-RNA nucleic acid technology
and
[19]
have an excellent specificity (98%-99%) .
Testing for HCV RNA should be considered for all
anti-HCV-positive subjects and among the anti-HCVnegative for immunocompromised patients and for
individuals exposed to HCV in the past 6 mo.
Concluding on this point, the high rate of SVR
obtained by the DAA-based treatments is a further
stimulus to screen all subjects exposed to HCV
infection using a sensitive, specific, easy-to-perform
and time-saving assay.

Assessment of the severity of CHC

The severity of CHC is variable among patients
and over time in single patients. In most cases the
disease shows a benign indolent course, but in some
cases there is a rapid progression to liver cirrhosis,
hepatocellular carcinoma and to an end-stage liver
[8]
disease . Liver cirrhosis is found in approximately
20% of patients with HCV-related chronic liver disease,
associated in its advanced stages with life-threatening
complications such as ascites, esophageal varice
hemorrhage and liver failure. Hepatocellular carcinoma
(HCC) occurs mostly in cirrhotic patients at a rate of
[8]
3%-5% per year .
The extent of liver necroinflammation and the
degree of fibrosis in liver biopsy are considered
[71]
reliable predictors of disease progression . Several
other investigators considered the stage of fibrosis
detected in liver biopsy as a key point for the clinical
[72]
management of CHC .
Although the liver histology is still considered the
gold standard to assess the stage of liver fibrosis,
[73-79]
because of the sides effects of liver biopsy
several surrogate non-invasive methods have been
introduced. The measurement of liver stiffness by
transient elastography offers an accredited method
[80]
for the assessment of liver fibrosis . This technique
involves the use of a transducer on the end of an
ultrasound probe that transmits 50 MHz pressure
waves through the liver tissue. The velocity of the
resulting “shear wave” is measured by ultrasound. The
shear-wave velocity correlates with liver stiffness, thus
[81,82]
providing an estimate of liver fibrosis
. Tsochatzis
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[82]

et al performed a meta-analysis including 40 studies
on numerous patients with chronic hepatitis of various
etiologies (HBV, HCV, alcohol and other etiologic
agents) and showed that transient elastography had
a pooled sensitivity and specificity in diagnosing liver
cirrhosis of 83% and 89%, respectively.
The ultrasound assay is another well-established
non-invasive method to diagnose liver cirrhosis.
The transition to cirrhosis is documented by the
development of the characteristic coarse or nodular
patterns in the liver parenchyma, hepatomegaly and
[83]
caudate lobe hypertrophy . Ultrasound can also detect
the development of portal hypertension by measuring
the portal vein diameter, velocity of flow and flow
[84]
reversal, ascites and splenomegaly , but the sensitivity
of ultrasound in assessing liver fibrosis is low.
There is no single surrogate test able to predict
reliably the progression to cirrhosis in each single
patient. However, high serum ALT levels have been
[85-87]
associated with a higher risk of fibrosis progression
,
which, instead, is an uncommon event in patients with
[88-91]
persistently normal serum ALT
.
Several other non-invasive surrogate biomarkers
or a combination of biomarkers may be of some help
in assessing liver fibrosis, such as platelet count, INR
index, aspartate aminotransferase (AST) serum levels
and albumin serum concentration. One well-known
combination of biomarkers that has been extensively
[92,93]
validated in CHC
and in non-alcoholic fatty liver
[94]
disease
is the so-called APRI test, an acronym for
[95]
AST-platelet ratio index . Also of some interest is
the Fibrotest (Fibrosure in the United States), which
[96]
includes five biomarkers and 2 clinical parameters :
a-2 macroglobulin, haptoglobin, total bilirubin,
apolipoprotien-A, γ-glutamyl transferase, age and
gender. Using a patented formula, a numerical value
from 0.0 to 1.0 is obtained, a score correlated with
the METAVIR fibrosis score in chronic hepatitis of
[92,97,98]
different etiologies
. Combining the ALT serum
value with the panel of biomarkers included in the
Fibrotest, a new surrogate method to measure liver
fibrosis was obtained, named Actitest and validated
[99]
to diagnose liver cirrhosis in CHC patients . FIB4 is
a biomarker panel using age, AST, ALT and platelet
[100]
[101]
count
validated in HIV/HCV co-infected
and
[102]
HCV-monoinfected patients .
Concluding on this point, the assessment of liver
fibrosis is still essential, even in the DAA era, since it
allows the high-cost DAA treatment to be applied on
the basis of the severity of liver damage and of the
presumed speed of disease progression.

Assessment of factors associated with the response to
anti-viral treatment

In the DAA era, HCV genotypes and subtypes
remain cornerstones in the management of chronic
HCV infection, since the rate of response and the
consequent duration of treatment differ for the various
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[103]

genotypes and subtypes
. In fact, considering
patients with HCV genotype 1 or 4, whether therapynaïve or -experienced, the combination of sofosbuvir
and simeprevir (± ribavirin in non-responders to
previous treatment) is the regimen of choice for
subjects with METAVIR fibrosis scores 3 or 4, whereas
for patients with fibrosis 0-2, optimal results were
obtained with the combination of Peg-IFN, ribavirin
[39,40]
and simeprevir
. Sofosbuvir plus ribavirin has
been demonstrated to be an optimal combination for
patients with HCV-genotype 2 or 3, whether therapynaïve or -experienced, and the combination sofosbuvir
plus daclatasvir for patients with HCV genotype
[39,40]
3
. In addition, in the simeprevir plus Peg-IFNbased regimen, it is essential to distinguish between
patients with HCV sub-genotype 1a and 1b, since
subtype 1a at times showed a Q80K substitution in the
NS3 protease sequence, thus entailing a higher rate
[39,40]
of treatment failure
. Currently, HCV genotyping
can be performed by direct DNA sequencing by a bidirectional sequence where genotype and subtype
characterization is determined by two fluorescently
labeled DNA primers or by a commercial line probe
[103]
assay .
In the DAA era, the detection of HCV viral load at
baseline is now of no value in the treatment choice,
since the anti-viral potency of these drugs controls
even the highest level of HCV replication. The use of
this test to monitor treated patients during the followup in order to detect possible reactivation seems good
clinical practice.
The impact of staging in choosing a treatment
schedule has decreased in proportion to the increase
in the antiviral potency of the DAAs. In fact, the
treatment regimens based on the third-wave DAAs
achieve HCV eradication in almost all patients,
[39,40]
regardless of the presence of liver cirrhosis
.
The polymorphisms in the IL28B gene have been
strongly associated with the spontaneous clearance of
acute HCV infection and with the response to Peg-IFN
[104-107]
and RBV combination therapy
. Their predictive
value was more evident in difficult-to-treat HCVgenotype 1 and genotype 4 patients than in those with
[108]
HCV-genotype 2 or 3 infection
. The distribution
of IL28B polymorphisms varies among different
populations, accounting, at least in part, for the
ethnic and racial differences in the response to Peg[107]
IFN plus RBV
, the CC genotype being a predictor
of a favorable response. At present, IL-28 genotyping
has no predictive role in the high-efficacy DAA-based
[39,40]
regimens
, but might be of some value in settings
where a Peg-IFN-based regimen might still be used.
Hemolytic anemia is a common side effect of RBVbased therapy that, although reversible and doserelated, induced a RBV dose reduction or premature
treatment withdrawal in more than 15% of the
[109,110]
[111]
cases
. Fellay et al
identified two variants
(rs1127354 and rs7270101) in the ITPA gene that

WJG|www.wjgnet.com

were functionally responsible for ITPA deficiency and
correlated with the risk of RBV-induced anemia in
European and American populations. The rs1127354
variant was associated with protection against anemia
[112-115]
in other investigations
. The single nucleotide
polymorphism (SNP) ITPA has never been associated
[111-115]
with the treatment outcome
, and in the DAA
era it can be used only to evaluate the risk/benefit
of adding ribavirin in some DAA-based regimens for
patients with a lower rate of SVR, such as cirrhotics or
previous non-responders.
Concluding on this point, DAA treatment eradicates
HCV infection in nearly all treated patients, greatly
reducing the clinical importance of markers previously
used to predict the response to therapy. In fact, the
HCV load and the degree of fibrosis do not predict the
response to DAA therapy, and the polymorphisms in
the IL28B gene may be useful only for patients with a
METAVIR score F0-F2 treated with Peg-IFN, ribavirin
and simeprevir, and the two SNPs in the ITPA gene
only for those receiving a DAA plus ribavirin.
Instead, the determination of HCV genotype
and subtype is of clinical value even in the DAA era,
mandatory to choose the type and duration of therapy.

HCV-RNA kinetics and clearance as markers of
remission

HCV-RNA clearance persisting 6 mo after therapy (SVR)
remains a marker of the eradication of chronic HCV
infection also in the DAA era.
[116-118]
International treatment guidelines
identified
some virological predictors of SVR to Peg-IFN + RBV
treatment: a rapid virological response i.e., HCVRNA clearance after 1 mo of therapy, and an early
virological response, i.e., HCV-RNA clearance after 3
mo of therapy. Subsequently, a very early predictor
[119,120]
of SVR to Peg-IFN + RBV was suggested
, i.e., a
decrease in the HCV load 2 d after the start of therapy.
These predictors have been used to distinguish with
good accuracy the patients with a good chance of
achieving an SVR from those with a very low chance,
[121]
who should discontinue treatment .
Compared to Peg-IFN + RBV treatments, the
DAA-based therapies are more effective and better
tolerated, but more expensive. The HCV-RNA kinetics
during DAA treatment have been investigated in a
limited number of patients and for short periods.
Simeprevir given alone achieved a median HCVRNA reduction of 3.9-log10 IU/mL over the first 3 d
of treatment, independently of previous treatments
[122]
and HCV genotype
. The administration of a single
dose of 100-mg daclatasvir generated a decline in the
HCV load of nearly 2-log10 in six hours and of 3.3-log10
[123,124]
in 24 h
. In addition, sofosbuvir obtained HCVRNA clearance in 88%-94% of patients within the
[125]
fourth week of treatment
. These data suggest
that the determination of the HCV-RNA kinetics is of
limited value in predicting the SVR in the DAA-based
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IFN-free treatments, since the majority of treated
[126]
patients
achieve this favorable outcome. Several
studies assessed serum HCV RNA at weeks 2 and 4 of
[37,127-129]
treatment
and found that the persistence of
HCV RNA in serum at these check-points is predictive
[130]
of treatment failure .
In Peg-IFN + RBV regimens, the normalization
of serum aminotransferases has been used as a
[131]
parameter to evaluate the biochemical response
,
often associated with an SVR. In recent studies on
DAA-based treatments, serum aminotransferases
were no longer used to evaluate the response to
[37,127-129]
treatment
, since, for reasons unrelated to HCV
replication (presence of liver steatosis or consumption
of alcohol or other drugs known to be hepatotoxic),
they may remain elevated even in SVR patients. In
addition, an increase in the aminotransferase serum
values may occur in some patients during treatment,
an event to be monitored carefully because therapy
[128]
discontinuation may be necessary
. At present, no
other biochemical parameter has been associated with
[132]
the SVR or with the need to discontinue therapy .
Concluding on this point, monitoring the HCV-RNA
kinetics during DAA treatment seems good clinical
practice and may help to identify early on the patients
with a lesser chance of eradicating HCV chronic
infection. Due to the ability of HCV to replicate not only
in hepatocytes, but also in lymphocytes and possibly
in other cell subsets, a reactivation of HCV replication
in patients who had achieved an SVR cannot be
excluded, and monitoring the HCV-RNA kinetics during
the post-treatment follow-up can identify these cases.
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an effective antiviral therapy. The achievement of a
sustained virological response before transplantation
can prevent the recurrence of post-transplant HCV
disease that occurs universally and correlates with
enhanced progression to graft cirrhosis. Previous
standard-of-care regimens (e.g. , pegylated-interferon
plus ribavirin with or without first generation protease
inhibitors, boceprevir and telaprevir) displayed
suboptimal results and poor tolerance in liver transplant
recipients. A new class of potent direct-acting antiviral
agents (DAA) characterized by all-oral regimens with
minimal side effects has been approved and included
in the recent guidelines for the treatment of liver
transplant recipients with recurrent HCV disease.
Association of sofosbuvir with ribavirin and/or ledipasvir
is recommended in liver transplant recipients and
patients with decompensated cirrhosis. Other regimens
include simeprevir, daclatasvir, and combination of
other DAA. Possible interactions should be monitored,
especially in coinfected human immunodeficiency virus/
HCV patients receiving antiretrovirals.
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Core tip: Until recently, a well-tolerated and effective
treatment protocol to address the recurrence of
hepatitis C virus (HCV) infection following liver
transplantation has been an important unmet clinical
need. Safe and effective treatment options are now
available thanks to the approval of new classes of
direct antiviral agents. The aim of this review was to
summarize the outcome of previous treatments and
discuss the impact of current options for the treatment
of HCV among liver transplantation candidates and
recipients, including coinfected human immuno
deficiency virus/HCV patients.

Abstract
Liver transplant candidates and recipients with hepatitis
C virus (HCV)-related liver disease greatly benefit from
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ANTI-HCV DRUGS: OLDER AND

INTRODUCTION
An estimated 130 to 170 million people are infected
with hepatitis C virus (HCV) worldwide, and an
[1]
additional 3 to 4 million are newly infected each year .
The epidemiology and burden of HCV infection vary
geographically, with prevalence rates ranging from <
[2]
1% to > 10% . Overall, around 25% of all cases of
cirrhosis and HCC are related to HCV, with significantly
higher rates among countries that have a high
[3]
prevalence of the disease . Chronic HCV infection is
associated with substantial mortality, with over 350000
deaths per year attributed to HCV-related cirrhosis and
[4-6]
hepatocellular carcinoma (HCC) . The development
of cirrhosis and HCC due to HCV infection represents
the most common indication for liver transplantation
(LT) in the United States, accounting for around
[7]
40% of all cases on the United States waiting list .
Furthermore, projections have identified a constant
increase in the number of patients with HCV-related
end-stage liver disease (ESLD) who will be listed for LT
[8,9]
over the next 10 years . In this patient population,
transplantation is an effective treatment to reduce
morbidity and mortality. HCV recurrence, however,
is universal in liver transplant recipients (LTR). Since
HCV disease is associated with accelerated graft loss
and diminished patient survival, the availability of a
[10]
safe and efficacious therapy is essential among LTR .
For this group of patients, the real challenge for HCV
treatment starts after LT.
In the past, the use of HCV treatments including
pegylated interferon (Peg-INF) and ribavirin (RBV),
either alone or in association with first generation
protease inhibitors (PI) such as telaprevir or boceprevir,
was limited by suboptimal viral responses, drug-drug
interactions, and the occurrence of severe side effects,
some of which have caused graft loss or have been
[11]
fatal . The approval of highly effective new molecules
(i.e., new wave NS3-4A PI, nucleotide analogues,
NS5A inhibitors) has revolutionized the scenario for
the treatment of HCV infection. Goals of the new antiHCV drugs include outcome improval, reduction of
side effects and drug-drug interactions, and regimen
simplification. As summarized in Table 1, newly antiHCV drugs are expected to optimize the treatment
before LT, allowing patients to undergo transplantation
with undetectable HCV viral load, and after LT,
offering safe and broadly effective options to prevent
recurrence of HCV infection.
To keep pace with the newest discoveries in the
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field of HCV treatment, the Infectious Diseases Society
of America (IDSA) and the American Association for
the Study of Liver Diseases (AASLD), in collaboration
with the International Antiviral Society-United States
(IAS-United States), created a website that allows to
access updated, evidence-based recommendations for
[12]
the management of HCV .

NEWER OPTIONS FOR PATIENTS WITH
ADVANCED LIVER DISEASE
The goal of treatment in HCV infected individuals
is the achievement of virologic cure (or sustained
virological response, SVR), defined as the absence of
detectable levels of HCV RNA (e.g., ≤ 25 IU/mL with
an FDA approved nucleic acid test) at least 12 wk after
completion of therapy (SVR12). In more than 99%
of patients, SVR12 has been shown to be durable
[13]
for 5 years or more . Successful HCV treatment
dramatically decreases hepatic decompensation
[14]
events, HCC incidence, and liver-related mortality .
Furthermore, it has been demonstrated that patients
with advanced fibrosis who achieve SVR have a
decreased need for LT compared with patients who
[15]
do not attain SVR . Thus, prompt HCV treatment
is prioritized for advanced liver disease, and urgent
initiation is advocated in patients with severe
extrahepatic HCV disease, significant fibrosis (Metavir
F3-F4), decompensated cirrhosis (Child-Turcotte-Pugh
[16]
B and C), and candidates or recipients of LT .

Interferon-ribavirin combination

Until recently, the combination of IFN or Peg-IFN and
RBV has been considered the treatment of choice for
patients with chronic HCV, including those progressing
to cirrhosis. With this regimen, SVR can be achieved
in 30%-40% and 70%-90% of patients with HCV
[17-19]
genotype 1 vs genotypes 2 or 3, respectively
.
Over the past two decades, modest efficacy along with
a high incidence of serious adverse events (SAE) have
characterized this treatment; furthermore, Peg-INF/
RBV optimal timing, dose, and duration in difficult-totreat populations requiring urgent treatment, such as
patients with ESLD, have never been clearly defined.

Boceprevir and telaprevir

In 2011, the first generation of direct-acting antivirals
(DAA), boceprevir (BOC) and telaprevir (TVR), was
approved for patients with genotype 1 HCV disease.
BOC is a keto-amide serine PI that reversibly binds to
the HCV nonstructural 3 (NS3) active site; TVR inhibits
[20,21]
the NS3/4A HCV protease
. SVR with PI-based
triple therapy (e.g., association of a PI with Peg-IFN/
RBV) reached 68%-75% in naïve and 59%-88% in
[22-25]
experienced patients
. Due to the improved rate
of SVR attainment for genotype 1 patients, the use of
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Table 1 Expected benefits of new treatments for hepatitis C virus infection
Target population

Main objectives

General population with chronic
HCV infection
Patients on LT waiting list

Achieve excellent SVR rates for all genotypes, reduce side effects,
shorten treatment duration, simplify regimen schedules
Achieve pre-transplant undetectable HCV-RNA; improve MELD
scores
Recipients of LT with HCV recurrence
Increase SVR rates, reduce side effects and dropouts, decrease
drug-drug interactions, simplify regimen schedules
HIV/HCV-coinfected patients and
Increase SVR rates, reduce side effects and dropouts, decrease
coinfected LT recipients
drug-drug interactions, simplify regimen schedules

Outcome
Reduced ESLD incidence and indication for
LT
Reduced post-LT HCV recurrence; improved
clinical conditions
Increased patients and grafts survival
Increased patients and grafts survival

HCV: Hepatitis C virus; SVR: Sustained virological response; ESLD: End stage liver disease; LT: Liver transplant; MELD: Model for end-stage liver disease;
HIV: Human immunodeficiency virus.

BOC and TVR was initially included as standard-of-care
[26]
for HCV infection . However, these drugs still had
to be associated with Peg-IFN/RBV and required long
treatment duration (24-48 wk), causing an increase in
treatment burden and side effects. For these reasons,
BOC use is no more recommended and TVR has been
removed from the market due to the development of
[27,28]
more effective compounds
.

DAA

More recently, clinical trials have shown revolutionary
results in the treatment of HCV with the use of
new DAA and their combination products, with and
without Peg-IFN. Due to elevated SVR, good safety
profiles, and once to twice daily administration, these
compounds have now been incorporated into the
[12]
AASLD/IDSA recommendations .
In December 2013, the United States Food and
Drug Administration (FDA) approved sofosbuvir (SOF),
a nucleotide polymerase inhibitor of NS5B targeting
[29]
HCV-RNA replication . SOF is metabolized in its active
form that competes with the uridine triphosphate for
incorporation into the growing HCV-RNA by the nonstructural protein 5B (NS5B) polymerase, acting as a
[30]
chain terminator . Since the NS5B active site is highly
conserved across HCV genotypes, SOF displays a pan[31]
genotypic efficacy . The administration of SOF 400
mg once daily (OD) for 12 wk has been associated with
rapid decrease of HCV-RNA and SVR above 85%, either
in combination with Peg-IFN/RBV or with RBV alone as
[32,33]
part of an IFN-free regimen
. Safety data has been
promising also in advanced, decompensated cirrhosis
showing discontinuation rates below 2% and few
[34]
SAE . Furthermore, low drug-drug interactions have
been observed and no dose adjustments were required
[35]
in patients with hepatic impairment . Simeprevir
(SMV, 150 mg OD), a second wave NS3/4A protease
inhibitor, has been approved for use in combination
with Peg-IFN/RBV in 2013 and, in November 2014,
for the treatment of HCV genotype 1 in combination
with SOF. IFN-free regimens containing SMV were
also well-tolerated and showed overall SVR12 above
[36]
90% . The association of ledipasvir (LDV, 90 mg OD),
a NS5A inhibitor, with SOF was approved by the FDA
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in November 2014 based on the results of large phase
3 multicenter, open-label, randomized clinical trials
[37,38]
showing SVR between 93% and 99%
. A fourdrug, twice daily combination regimen, consisting of
75 mg of paritaprevir (a NS3/4A protease inhibitor),
50 mg of ritonavir (a CYP3A inhibitor, used as a
pharmacologic booster), and 12.5 mg of ombitasvir (a
NS5A inhibitor), packaged with two 250 mg dasabuvir
(a non-nucleoside NS5B polymerase inhibitor) tablets
has also been approved by the FDA and studied in
[39-41]
combination with RBV for genotype 1 patients
.
Daclatasvir (DCV, 60 mg OD), a pan-genotypic NS5A
inhibitor, was approved in Europe in August 2014 and is
currently used in combination with other DAA in various
[16]
countries .

DAA therapy in patients with cirrhosis

Although characterized by ground-breaking results,
recent trials have underrepresented the populations
traditionally associated with poorer treatment
outcomes, including patients with advanced liver
fibrosis. Nevertheless, encouraging results seem to
emerge from reports comprising “real world” data
collected from several institutions. Table 2 summarizes
the outcome of the most representative clinical trials
including cirrhotic patients treated with DAA.
SVR > 50% have been reported among cirrhotic
patients treated with SOF/RBV although, in genotype
3 patients receiving 12-wk regimens, cirrhosis was
[33,42]
associated with limited responses
. LDV/SOF, with
or without RBV (± RBV), has shown excellent SVR
[43,44]
and low adverse effects in patients with cirrhosis
.
A post-hoc analysis of data from seven clinical trials
including 513 patients with genotype 1 HCV and
compensated cirrhosis receiving LDV/SOF for 12 or
24 wk ± RBV showed SVR12 of 98% and 95% for
treatment-naïve and previously treated patients,
respectively. Results were similar in patients receiving
RBV compared to RBV-free regimens, except
among previously treated patients who showed the
lowest SVR (90%) in the arm without RBV. SAE and
[45]
discontinuation rates were in the range of 1%-2% .
Recently, the results of SOF/SMV ± RBV regimens
in a heterogeneous cohort of 995 patients including
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Table 2 Sustained virological response among recent clinical trials of new treatment regimens for hepatitis C virus including patients
with cirrhosis
Ref.

Trial

Jacobson et al[143], 2014

Fusion

Lawitz et al[33], 2015

Fission

Jacobson et al[143], 2014

Positron

Zeuzem et al[144], 2014
Lawitz et al[42], 2015
Bourliere et al[43], 2015

Valence
Lonestar-2
Sirius

Lawitz et al[36], 2014
Gane et al[114], 2014

Cosmos
Electron Ⅱ

Population

Drug

G2, G3 experienced
SOF/RBV 12 vs 16 wk
34% cirrhotic
G2, G3 naïve
SOF/RBV 12 wk vs Peg-IFN/
20% cirrhosis
RBV 24 wk
G2, G3 naïve and experienced
SOF/RBV
IFN ineligible
G3 extended 24 wk 21% cirrhosis
SOF/RBV
G 2 and 3
SOF/RBV/Peg-IFN
G1 with compensated cirrhosis,
SOF/LDV 24 wk vs SOF/
NR previous treatment
LDV/RBV 12 wk
G1 NR, 52% F3-F4
SOF/SMV ± RBV 12 or 24 wk
G1 naïve, experienced and
LDV/RBV 12 wk
decompensated, G3 naïve, 15%
cirrhosis

Overall SVR12

SVR12 in cirrhosis

G2 86% vs 94%
G3 62% vs 30%
G2 97% vs 78%
G3 56% vs 63%
G2 93%, G3 61%

G2 60% vs 78%
G3 19% vs 61%
G2 92% vs 62%
G3 30% vs 34%
G2 92%, G3 21%

G2 94%, G3 91%
G2 96%, G3 83%
N/A

G2 82%, G3 68%
G2 93%, G3 83%
97% vs 96%

92%
G1 100%, G3 64%

94%
G1 65%

Peg-IFN: Pegylated interferon; RBV: Ribavirin; SVR12: Sustained virological response; G: Genotype; LDV: Ledipasvir; SOF: Sofosbuvir; SMV: Simeprevir;
NR: Non responder.

30% of patients with cirrhosis were compared with
[46]
SOF/PEG/RBV and SOF/RBV . In the group of
patients with genotype 1 and previously treated
for HCV, a significant difference in SVR was noted
between patients without cirrhosis vs patients with
cirrhosis, with better results for SOF/SIM ± RBV (84%
vs 65%, respectively) compared to SOF/Peg-IFN/RBV
(94% vs 80%, respectively). Overall, discontinuation
rates around 5% were noted. Other promising DAA
combinations include grazoprevir (MK-5172) and
elbasvir (MK-8742), showing high SVR12 at 12 wk
among patients with genotype 1 and cirrhosis with
[47]
and without RBV (90% and 97%, respectively) .
MK-5172/MK-8742 combination has recently also
been tested among patients with advanced chronic
[48]
kidney disease, showing SVR12 of 99% . The 3DAA
combination of DCV with asunaprevir (NS3 protease
inhibitor) and BMS-791325 (non-nucleoside NS5B
inhibitor) was studied in patients with HCV genotype
1 infection and compensated cirrhosis. SVR were 87%
and 93% in experienced patients treated with and
[49]
without RBV, respectively .

IMPACT OF RECURRENT HCV INFECTION
AFTER LIVER TRANSPLANTATION
Patients showing detectable HCV-RNA levels at
transplantation universally experience recurrent
[50]
postoperative HCV infection . Reinfection likely
occurs during graft reperfusion via circulating virions
or infected mononuclear cells, and it is documented as
detection of HCV-RNA in serum or in the allograft itself.
HCV-RNA can be present as early as 48 h post-LT,
with expression of HCV antigens on the hepatocytes
[51-53]
from postoperative day 10
. Post-transplant HCV
kinetics has shown that serum HCV-RNA levels reach
pre-LT titers usually within day 4, then increase
and peak around month 3, attaining levels 10- to
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100-fold greater than the mean pre-LT months around
[54]
one year after LT . Histologic progression of HCV
during immunosuppressive therapy is more rapid
than that in nontransplant patients, probably due
to a compromised virus-specific T-helper subtype 1
[55]
(TH1) CD4 immune response . Liver biopsies are
currently the most effective method to diagnose and
differentiate HCV disease, showing good sensitivity
[51]
starting from 3 mo after LT . In earlier stages,
histological differentiation between HCV disease,
reperfusion injury, and rejection can be challenging.
A small proportion of patients (4%-7%) develop
fibrosing cholestatic hepatitis (FCH), an accelerated
course of liver injury associated with very high levels
of viremia, rapid allograft failure, and poor response to
therapy due to direct cytotoxic damage favored by a
lack of specific anti-HCV response along with increased
[56]
TH2 cytokine expression . Following graft infection,
chronic HCV disease develops in 75% to 90% of
patients. Evolution towards cirrhosis is reported 5% to
30% of cases within 5 years and up to 40% within 10
years compared to 20 years in the nontransplantation
[57-59]
setting
. HCV-associated graft failure represents the
most common cause of graft loss and patient mortality
in HCV-infected recipients, occurring in approximately
[60]
10% of LT recipients within 5 years . Overall, survival
of patients and grafts with recurrent post-LT HCV
infection is lower compared to patients receiving LT
[57,61]
for other indications
. Various risk factors have
been associated with unfavorable outcomes in HCVinfected recipients. Some of them, such as prolonged
cold ischemia time, advanced donor age, CMV
hepatitis, treatment for acute rejection (e.g., steroid
bolus or monoclonal antibody OKT3), development
of postoperative insulin resistance diabetes mellitus
or metabolic syndrome are potentially modifiable and
should be either carefully evaluated in the process of
[10,62-64]
donor selection or monitored in the post-LT
.
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Table 3 Pros and cons of hepatitis C virus treatment before and after liver transplant

Aim
Advantages
Disadvantages

Before LT

After LT

Prevention of HCV recurrence
Undetectable HCV-RNA at transplantation correlates with low rates of post-LT HCV
recurrence
Low eligibility due to compromised baseline conditions
High rates of serious side effects and discontinuation rates
Low SVR rates

Treatment of HCV recurrence
Increased tolerance to treatment
High rates of adverse effects
Moderate SVR rates
Drug-drug interactions

HCV: Hepatitis C virus; LT: Liver transplant; SVR: Sustained virological response.

Other risk factors include high preoperative model
for end-stage liver disease (MELD) score, fibrosis
stage ≥ 2 at 12-mo biopsy, recipient IL28B TT
[10,50,65-68]
genotype, and history of HCC
. Marked,
transient hyperbilirubinemia has been associated with
[69]
allograft cirrhosis in HCV-infected LT recipients .
Among virological factors, high pretransplantation
HCV-RNA titers (> 1 mEq/mL) have been strongly
related with severe recurrent HCV. Patients with lower
pretransplantation HCV RNA had 5-year survival of
84% compared to 57% of patients with higher HCV
[70]
RNA titer (p < 0.0001) . Interestingly, neither viral
genotype nor elevated post-LT viral titers have been
found to be reliable predictors of outcome. At best, the
most effective way to prevent HCV recurrence is the
eradication of HCV prior to LT.

ANTIVIRAL THERAPY IN RECURRENT
HCV INFECTION
HCV infection treatment: Before or after liver
transplantation?

The likelihood of SVR diminishes with increasing severity
of liver disease. In patients with cirrhosis, SVR rates are
reduced compared to non-cirrhotic patients, ranging
between 40%-50% for Child-Turcotte-Pugh (CTP)
class A and being as low as 7%-26% for CTP class C
[17-19,71]
patients treated with Peg-IFN/RBV
. Genotype 1
and 4 patients with cirrhosis showed lower treatment
responses compared with genotype 2 and 3 patients
[71]
(33% vs 57%, respectively) . Factors such as poor
tolerability, dose reductions, and therapy discontinuation
have a significant impact on therapy outcomes in this
[72]
patient population . IFN-based treatment is generally
poorly tolerated and can be associated with severe
infections and liver decompensation; overall, up to a
third of patients is reported to discontinue the treatment
[72]
because of adverse events . Nevertheless, the
evidence that high HCV-RNA levels at transplantation
correlate with rapid, clinically evident recurrence of
post-transplantation HCV disease supports the attempt
[10]
of an aggressive pre-transplantation treatment .
IFN is contraindicated in patients with decompensated
cirrhosis; selected patients listed for LT showing compen
sated or mildly decompensated liver disease, however,
have been previously considered for treatment with
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Peg-IFN/RBV ± TPV or BOC. A significant portion of LT
candidate often present advanced ESLD or absolute
contraindications to IFN-based therapy, requiring to
delay HCV treatment after transplant. With the recent
introduction of new DAA, successful treatment of
patients on transplant waiting list seems possible. In this
group, a reduction in MELD score caused by the positive
impact of the treatment on liver decompensation
can potentially lead to patient delisting, therefore
lowering the proportion of waiting list registrants for
transplantation due to HCV-related ESLD.
Post-LT treatment is generally started following the
12-mo liver biopsy if histologic severity reaches grade
3 or 4 inflammation or stage 2 or higher of fibrosis.
Irrespective of grade and stage, cholestatic hepatitis
[10]
is usually an indication for treatment . Treatment of
post-LT recurrent HCV disease is limited by moderate
SVR, potential drug-drug interactions, and toxicity. In
this cohort, as in the pre-transplant group, new antiHCV therapies can provide substantial improvements
in terms of efficacy and safety. Aims, advantages and
disadvantages of the pre-LT and post-LT approaches
are reported in Table 3.

Treatment before liver transplantation

The treatment of patients with decompensated
cirrhosis is problematic due to coexisting leukopenia,
thrombocytopenia, and other manifestations of ESLD
that cause poor drug tolerance, often requiring the use
[73]
of grow factors and transfusions . In the registration
trials for Peg-IFN/RBV, SVR rates were 5% to 15%
lower in patients with advanced fibrosis or cirrhosis
compared to patients who did not present advanced
[17,18]
liver disease
. Various non-randomized studies
have investigated the efficacy of diverse IFN or PegIFN-based regimens in HCV-infected patients candidate
to LT (Table 4). A study using increasing doses of IFN
and RBV based on tolerability demonstrated SVR only
in 13% of patients with HCV genotype 1. Predictors
of SVR were non-1 genotype, CTP class A for patients
with genotype 1, and ability to tolerate full dose and
[74]
treatment completion . Other reports showed rates
of HCV-RNA suppression in patients with advanced
[75-78]
liver disease around 20%-30%
. More recently,
[79]
Everson et al
conducted a randomized, controlled
trial to test the efficacy and safety of Peg-IFN/RBV,
both escalated as tolerated, to prevent post-transplant
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Table 4 Outcome of pre-transplant hepatitis C virus therapy in studies with different regimens
Population

n

Everson et al[74], 2005

63% decompensated
cirrhosis (MELD 11 ± 3.7)

124

Crippin et al[75], 2002

LT waiting list

15

Forns et al[145], 2003

LT waiting list

30

Thomas et al[76], 2003

LT waiting list

21

Carrión et al[78], 2009
Everson et al[79], 2013

LT waiting list
LT waiting list

51
59

Verna et al[11], 2015

LT waiting list

29

Curry et al[81], 2015

LT waiting list for HCC
(CTP < 7)
Decompensated cirrhosis

43

Ref.

Charlton et al[82], 2015

Poordad et al[85], 2015

Advanced cirrhosis
(70% CTP B-C)

108

60

Treatment regimen

Outcome

Adverse effects

IFN (5 MU 3/wk) or Peg-IFN (0.75
SVR 13% (G1),
13% discontinuations
and SAE (2 deaths)
μg/kg per week)/RBV (600 mg/d 50% (other genotypes) 53%
escalated)
relapse 29% completed
course
IFN (3 MU 3/wk or 1 MU/d) ± RBV
SVR 33%
1.3 SAE/patient
400 bid
(one death)
IFN (3 MU/d)/RBV 800 mg/d
SVR 20%
63% dose reduction
(3 relapse after LT)
IFN (5 MU/d)
SVR 20%
No SAE
(8 relapse after LT)
Peg-IFN/RBV
SVR 20%
39% bacterial infections
Peg-IFN/RBV
SVR12 22% (G 1-4),
68%
(from 0.75 μg/kg per week and 600
29% (G 2-3),
(2.7 SAE/patient)
mg/d escalated)
50% if > 16 wk
PI-based triple therapy
SVR 52%
31% SAE; one death
(93% TVR, 7% BOC)
28% hospitalizations
Sofosbuvir 400/d plus RBV
SVR pre-LT maintained in
18% SAE
1000-1200 up to 48 wk
69% LT
2 discontinuation
LDV/SOF/RBV (600 mg/d
SVR 87% vs 89%,
26% SAE
escalating) 12 vs 24 wk
CTP B 87% vs 89%,
3 discontinuation
CTP C 86% vs 87%
DCV/SOF/RBV 12 wk
SVR 83%, CTP A 91%, CTP
No SAE
B 92%, CTP C 50%

LT: Liver transplant; HCC: Hepatocellular carcinoma; CTP: Child-Turcotte-Pugh; IFN: Interferon; Peg-IFN: Pegylated interferon; RBV: Ribavirin; SVR:
Sustained virological response; G: Genotype; SAE: Serious adverse effects; MELD: Model for End-Stage Liver Disease; PI: Protease inhibitor; TVR:
Telaprevir; BOC: Boceprevir; LDV: Ledipasvir; SOF: Sofosbuvir; DCV: Daclatasvir.

HCV recurrence in patients listed for LT. Overall,
22% of patients with genotype 1, 4 or 6 and 29% of
patients with genotype 2 or 3 obtained SVR12. Among
patients completing at least 16 wk of treatment,
SVR rates reached 50%. In conclusion, IFN-based
regimens obtained poor SVR among patients listed for
LT, mainly due to an intrinsic reduced response along
with a low rate of treatment completion. DAA triple
therapy showed increased SVR in a study including 29
patients with low MELD scores but high rates (66%)
of prior non-responders. The majority of patients were
treated with Peg-IFN/RBV/TVR. Patients on waiting list
had SVR of 41% and patients undergoing LT showed
SVR of 67%. Despite demonstrating considerably
higher SVR rates compared to Peg-IFN/RBV, the
use of BOC or TPV was associated with increased
[11]
SAE and a high pill burden . As shown in Table 4,
encouraging results have been displayed by IFN-free
[80]
HCV regimens. Osinusi et al
administered SOF in
combination with either weight-based (n = 24) or lowdose (600 mg daily) RBV for 24 wk to 28 genotype 1
patients, including those with advanced fibrosis. SOF/
RBV combination resulted in 50% and 29% SVR in
weight-based and low-dose RBV groups, respectively
(difference not significant). Advanced liver fibrosis and
high HCV RNA at baseline were identified as predictors
of relapse. Neither discontinuation nor SAE were
registered. SOF/RBV combination was also used in a
phase 2 study to treat 61 patients (73% with genotype
1 and 75% previously treated for HCV) waitlisted to
undergo LT for HCC. Overall, 49% of treated patients
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has post-LT SVR; among those who had undetectable
[81]
HCV-RNA at transplantation, 70% achieve SVR .
A number of days of undetectable HCV RNA level
pretransplant > 30 was significantly associated with
SVR12.
IFN-free, DAA combination therapies have shown
the highest rates of SVR among patients with advanced
liver disease previously treated for HCV. Cure rates
close to 90% in patients with decompensated cirrhosis
were reported among 108 patients receiving LDV/
[82]
SOF/RBV for 12 or 24 wk . Of note, a substantial
improvement of liver synthesis function of the patients
with successful HCV therapy was documented by an
improvement in MELD score. Nevertheless, despite
achieving SVR, liver disease continued to progress in
some patients. Although no current data is available
in patients with decompensated cirrhosis treated with
LDV/SOF without RBV, promising results have been
achieved in patients with compensated cirrhosis,
[83,84]
including those previously treated with SOF
.
Various IFN-free, DAA combination trials are
currently ongoing in patients with decompensated
[85,86]
cirrhosis
. A recent trial included patients with
advanced cirrhosis and post-liver transplant HCV
recurrence treated with DCV/SOF/RBV for 12 wk. In
the cirrhosis cohort, genotype 1 patients achieved
overall SVR of 82% (92%, 91% and 50% in CTP A, B,
[87]
and C, respectively .
Current recommendations for the treatment of
LT candidates with decompensated cirrhosis include
LDV/SOF/RBV for genotype 1 administered for 12 wk
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Table 5 Anti-hepatitis C virus therapy in liver transplant recipients with recurrent hepatitis C virus infection: Outcome of main
studies from the past 10 years
Ref.

Population

n

Treatment regimen

Interferon (IFN) or pegylated interferon (Peg-IFN) plus ribavirin (RBV) regimens
Fernández et al[95], 2006
LTR with recurrent HCV
47
Peg-IFN/RBV
Carrión et al[77], 2008
LTR with mild recurrence (F0-F2)
27
Peg-IFN/RBV
Berenguer et al[92], 2008
LTR with recurrent HCV
89
IFN/RBV vs Peg-IFN/RBV

SVR

Adverse effects

23%
48%
16% vs 48%

21% SAE
56% discontinuation
20% decompensation;
15% deaths
23% SAE
18% discontinuation

Hanouneh et al[93], 2008
LTR with recurrent HCV
53
Peg-IFN/RBV
35%
Ueda et al[146], 2010
LTR with recurrent HCV (G1)
34
Peg-IFN alfa-2b + RBV
50%
DAA triple therapy with Peg-IFN/RBV plus boceprevir (BOC) or telaprevir (TVR)
Verna et al[109], 2015
Advanced fibrosis (F > 3) and 9
49
Peg-IFN/RBV/TVR or
51% AF 44% CH
22% AF and 33% CH
FCH
BOC
decompensation
Pungpapong et al[108], 2013
LTR with recurrent HCV
60
Peg-IFN/RBV/TVR (35) 67% TVR 45% BOC
12% decompensation,
or BOC (25)
2 deaths
Coilly et al[107], 2014
LTR with recurrent HCV
37
Peg-IFN/RBV/TVR (19) 20% TVR 71% BOC 14% SAE, 27% infection,
or BOC (18)
3 deaths
IFN-free DAA regimens
Forns et al[111], 2015
Post-LT decompensated
92
SOF/RBV ± Peg-IFN 24-48
59%
46% SAE
cirrhosis and FCH
wk
Charlton et al[110], 2015
LTR with recurrent HCV
40
SOF/RBV 24 wk
70%
No SAE
Reddy et al[44], 2015
Post LT recurrence
223
LDV/SOF/RBV 12 vs 24 94% (60% CTP C)
4% SAE,
(121 CPT B and C)
wk
3% discontinuation
Gutierrez et al[118], 2015
Post LT recurrence
61
SOF/SMV ± RBV
93%
No SAE
Pungpapong et al[119], 2015
Post LT recurrence
123
SOF/SMV ± RBV
90%
1 death possibly related to
treatment
Kwo et al[103], 2014
Post LT recurrence (G1)
34
Paritaprevir/r/Ombitasvir
97%
1 discontinuation
and Dasabuvir/RBV
Poordad et al[85], 2015
Post LT recurrence
53
DCV/SOF/RBV 12 wk
94%
1 discontinuation (SVR);
no SAE
LTR: Liver transplant recipients; SVR: Sustained virological response; CTP: Child-Turcotte-Pugh; SAE: Serious adverse event; FCH: Fibrosing cholestatic
hepatitis; SOF: Sofosbuvir; SMV: Simeprevir; LDV: Ledipasvir; r: Ritonavir; DCV: Daclatasvir.

(or 24 wk if RBV intolerant or previous SOF therapy),
SOF/RBV for 48 wk in genotypes 2 and 3 and DCV/
[16,85]
SOF/RBV for 12 wk for all genotypes
.

HCV treatment after LT

The achievement of SVR in recurrent HCV infection
after LT is associated with stabilization of fibrosis and
improved graft survival. In this setting, however, poor
therapy tolerability represents an important limitation.
Some studies have explored the effects of early or
pre-emptive treatment, starting anti-HCV therapy
immediately after LT in patients who may tolerate it,
[88]
such as HCC patients with low MELD . The rationale
for this approach is to act at a time when HCV-RNA is
[89]
low and histologic damage is virtually absent . Among
living donor recipients, in particular, the treatment
could be easily planned and has shown encouraging
[88]
results . Overall, the success of this strategy was
limited by low SVR and high rates of discontinuation,
while the effective impact on patients’ survival has not
[90,91]
been clearly proven
. In the treatment of clinically
evident disease, non-controlled studies including
patients with recurrent HCV infection showed SVR
rates ranging from 26% to 50% for Peg-IFN/RBV
[92-101]
therapy (Table 5)
. When initiated at the early
stages of HCV recurrence (F0-F2), an advantage of
Peg-IFN/RBV treatment was demonstrated, showing
SVR around 50%; however, the possible increased
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[77]

risk of rejection was not defined . Similarly to
nontransplant patients, factors associated with SVR
among LTR included low pretreatment HCV RNA levels,
absence of advanced cirrhosis, having a genotype
[93]
other than 1, and early virological response . A
systematic review encompassing 38 studies showed
overall SVR of 24% for standard IFN and 27% for
Peg-IFN/RBV, with discontinuation rates of 24% and
[102]
26%, respectively
. Similarly to LT candidates, PIbased triple therapy in HCV-infected LT recipients was
initially deemed as a combination that would have
drastically increased the rates of SVR. Nevertheless,
this treatment did not meet the expectations, showing
suboptimal efficacy counterbalanced by high SAE rates
and challenges in managing drug-drug interactions
between PI and calcineurin inhibitors (CNI), particularly
[103-106]
tacrolimus
. Overall, anemia, infection rates, and
liver decompensation have significantly limited this
[107-109]
therapeutic approach in LTR
.

2014 AASLD recommendations

A multicenter study has shown SVR of 70% among
40 LTR with compensated HCV disease treated with
[110]
SOF/RBV for 24 wk
. There were no deaths, graft
losses or episodes of liver decompensation among
post-liver transplantation patients, and no drugdrug interactions were reported between SOF and
immunosuppressive agents. Among 92 patients with
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Table 6 American Association for the Study of Liver Diseases 2014 recommendations for therapy in recurrent hepatitis C virus
post liver transplant
Rating

Population

CPT B and C

Regimen

Daily Dose

G 1, 4 experienced and naïve RBV 600 mg, increased as tolerated1
LDV/SOF/RBV 12 wk
90 mg/400 mg/weight-based2
G 1, 4 naïve, RBV intolerant
Not recommended
LDV/SOF 24 wk
90 mg/400 mg
G1
Not recommended
SOF/SMV ± RBV 12 wk
400 mg + 150 mg ± weight-based2
G1
Recommended only for nonParitaprevir/r/rombitasvir/ 150 mg/100 mg/25 mg/250 mg
cirrhosis
dasabuvir + RBV for 24 wk
bid/weight-based2
G2
experienced
and
naïve
600
mg/d,
SOF/RBV
24
wk
400
mg/weight-based2
ⅡB-recommended
increased as tolerated1
G3 experienced and naïve
600 mg, increased as tolerated1
SOF/RBV 24 wk
400 mg/weight-based2
ⅠB-recommended
ⅢA Not recommended: Regimens containing PEG-IFN, monotherapy with PEG-IFN, RBV, or a DAA; TVR or BOC-based regimens
ⅠB-recommended
ⅠB-alternative
ⅠB-alternative
ⅠB-alternative

1

e.g., increased monthly by 200 mg/d; 21000 mg < 75 kg, 1200 mg > 75 kg. Recommendations are graded according the level of the evidence and strength of
the recommendation. G: Genotype; RBV: Ribavirin; LDV: Ledipasvir; SOF: Sofosbuvir; RBV: Ribavirin; r: Ritonavir; DCV: Daclatasvir; DAA: Direct active
antiviral; TVR: Telaprevir; BOC: Boceprevir.

severe HCV disease, including liver decompensation,
SOF compassionate use program (in association with
RBV ± Peg-IFN) showed SVR12 of 59%; higher SVR
(73%) were shown in patients treated for early severe
[111]
recurrence
. Based on these results, combination
treatments containing SOF are currently included
in the 2014 AASLD recommendations for patients
who develop recurrent HCV infection post-LT (Table
[112]
6) . DAA combination therapy with LDP/SOF/RBV is
indicated for patients with genotype 1 and 4, including
those previously treated for HCV and patients with
decompensated cirrhosis (with reduced RBV dose).
The efficacy of this regimen was assessed in a large,
multicenter, randomized controlled trial showing high
rates of SVR irrespective of the treatment duration (12
wk vs 24 wk) along with improvements in MELD score,
[113]
albumin and bilirubin . The study included 223 LTR
with a wide spectrum of histologic and clinical severity
of HCV recurrence. Thirty-seven/44 (84%) CTP B and
5/8 (63%) CTP C patients achieved SVR12, compared
to 97% of patients with F0-F2 and compensated
cirrhosis. Overall, 8 treatment-related SAE were
documented. CTP C patients appeared to have lower
SVR compared to the other groups, although the
number of patients in this group was limited. Although
its importance cannot be ascertained, the addition of
RBV could have been responsible for the high SVR12
rates observed. According to the AASLD guidelines,
a 24-wk course of LDP/SOF is recommended in LTR
that are intolerant or ineligible to receive RBV. Patients
with genotype 3 including cirrhotic patients, however,
have shown suboptimal responses, especially with
12-wk regimens (Table 2). A 24-wk course of SOF/RBV
is recommended in patients with genotype 3 with
recurrent post-LT HCV disease (Table 6). Indications on
the use of LDP/SOF for genotype 3 LTR are not made
due to a lack of data in the post-LT setting and limited
data among patients with cirrhosis. Nevertheless,
a phase Ⅱ study has reported SVR 12 of 100% for
LDP/SOF/RBV compared to 64% for LDP/SOF in a
cohort of patients with G3 infection (including 15%
cirrhotic), potentially suggesting that LDV could even
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[114]

shorten the treatment duration in this group
. A
limitation in the use of LDV regards the concomitant
use of proton pump inhibitors, that attenuate its
absorption by > 90%. Promising results in LTR were
also shown with the pan-genotypic combination of
DCV/SOF/RBV. Analysis from a small group of 12
LTR showed SVR of 75% along with absence of drug[115]
drug interactions and SAE
. A study presented at
the 2014 AASLD meeting including patients from
the same cohort showed CTP score improvements
[116]
in 20 patients (from 7.3 to 5.8, P = 0.004) . More
recently, the results of the phase 3 ALLY-1 trial in
LTR treated with DCV/SOF/RBV reported overall SVR
[86]
of 94% regardless of prior treatment experience .
Treatment with DCV/SOF/RBV has been included in
the 2015 EASL (European Association for the Study of
the Liver) recommendations for the treatment of HCV
recurrence, including decompensated cirrhosis, in all
[16]
genotypes .
A multicenter study including 34 LTR with mild
genotype 1 HCV recurrence (F0-F2) treated with
paritaprevir/ritonavir, ombitasvir, twice-daily dosed
dasabuvir, and RBV for 24 wk showed overall SVR
[103,117]
of 97%
. Dose adjustments were needed for
cyclosporine and tacrolimus due to interactions
between ritonavir and CNI. Only one discontinuation
in a patient who achieved SVR was noted. Since the
efficacy and tolerability in patients with more advanced
HCV infection are not well known, this regimen is
currently only recommended for LTR without cirrhosis.
The association of SMV/SOF ± RBV is suggested as an
alternative regimen in genotype 1 patients without liver
decompensation and recurrent HCV disease post-LT.
A retrospective analysis of a single center involving
61 patients with HCV genotype 1 infection who
received a 12-wk combination regimen of SOF/SMV
post-LT showed SVR12 of 93% compared with 67% in
[118]
patients with advanced fibrosis
. No SAE occurred
during treatment. Similar results were obtained in a
large multicenter study encompassing 123 patients
receiving SOF/SMV after a median time from LT of
32 mo. SVR12 was achieved in 90% of patients,
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with rates around 70% in patients with advanced
[119]
fibrosis
. While non-significant changes have been
reported with tacrolimus use, up to 6-fold increases in
SMV concentration have been noted in association with
cyclosporine, due to inhibition of cytochrome P450
3A, ion-transporting polypeptide, and p-glycoprotein.
Based on this data, SMV/SOF is preferred in patients
receiving tacrolimus and represents a valid option in
patients with impaired renal function or anemia who
may not tolerate RBV. Additional data on SIM/SOF
± RBV came from a subgroup of 143 LTR from the
TARGET cohort including 57% patients with cirrhosis.
SVR4 rates were 94% among non-cirrhotic patients
and 86% in patients with cirrhosis, showing a high
level of concordance between cure rates obtained from
[120]
clinical trials vs from real-life observational cohorts .

Treatment of LTR with Human immunodeficiency virus/
HCV coinfection

After the introduction of highly active antiretroviral
therapy, ESLD has become the main cause of death
among human immunodeficiency virus (HIV)/HCV[121]
coinfected patients
. In patients that are not
successfully treated for HCV, HIV infection accelerates
the course of liver disease and increases the mortality
[122]
rate
. LT is an effective treatment for HIV/HCVcoinfected patients with severe liver disease; LTR,
however, display significantly lower survival rates
(around 55% at 5 years) compared with HCV[123]
monoinfected patients
. HIV infection alone has a
minor impact on the outcome of organ transplantation;
in fact, excellent results are reported among HIV
monoinfected (or HIV/HBV-coinfected) patients
undergoing LT, and better outcomes for HIV-positive
compared to HCV-infected recipients of organ
[124]
transplant have been recently demonstrated
.
HIV/HCV coinfection, however, accelerates post-LT
progression towards fibrosis and liver decompen
[125]
sation . Furthermore, interactions between immuno
suppressants and antiretrovirals via modulation of
cytochrome P450 contribute to higher rates of acute
graft rejections compared to non-HIV infected patients.
Although new classes of antiretrovirals with limited
interactions, such as integrase inhibitors and CCR5
receptor antagonist, are currently used in HIV/HCVcoinfected LTR, the presence of multiple and reciprocal
drug-drug interactions or pathological conditions can
[126,127]
still affect plasma drug concentrations
. Moreover,
HIV/HCV-coinfected patients have historically shown
high adverse effects and discontinuation rates following
[128,129]
anti-HCV treatment
. Overall, poor survival along
with limited effective therapeutic options still represent
[130,131]
major barriers to LT in this cohort
. Data reporting
the results of anti-HCV treatment in HIV/HCVcoinfected LTR is scarce. Responses to Peg-IFN/RBV
were significantly lower in HCV/HIV-coinfected LTR
compared to monoinfected transplant recipents (10%
vs 33%, respectively), particularly among genotype 1
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[129]

patients . Nevertheless, HIV/HCV-coinfected patients
achieving SVR showed survival rates up to 79%. The
use of BOC and TVR in 7 HIV/HCV-coinfected LTR with
severe HCV recurrence demonstrated 60% SVR and no
[132]
response, respectively, along with high rates of SAE .
Preliminary results on SOF/RBV compassionate use,
instead, showed SVR4 of 100% and good tolerability in
[133]
7 HIV/HCV-coinfected LTR .
Thanks to an improved efficacy, safety, and
tolerability in HIV and transplant patients, the newly
approved antiviral therapies have the potential to
transform the treatment outcomes of HIV/HCVcoinfected patients with liver complications. Data from
nontransplant patients suggests that HIV infection itself
does not negatively impact SVR. Two trials involved
a heterogeneous population of HIV/HCV-coinfected
patients treated with SOF/RBV including different
genotypes, patients with compensated cirrhosis, and
treatment experienced patients. SVR12 were 90%
in genotype 2 (irrespective of treatment duration)
[129,134]
and above 80% among the other genotypes
.
High relapse rates in genotype 1 patients, however,
suggested that dual DAA combinations is preferred
in this group; overall, lowest SVR were displayed
in patients with genotype 3 treated for 12 wk and
in patients with genotype 1 and cirrhosis. Therapy
duration of 12 wk for genotype 2 and 24 wk for
genotype 3 and 4 are recommended. Low rates of SAE
and discontinuation (8% and 2.5%, respectively) were
reported. Other key studies in this cohort included
the combination of SOF/LDV administered for 12 wk
to 50 GT1 coinfected patients with optimal baseline
conditions (e.g., absence of cirrhosis or previous
treatment failures) showing SVR rates close to
[135]
100% . The same combination showed SVR rates of
94% and 97% in cirrhotic and treatment-experienced
patients, respectively, in a study encompassing 335
[136]
coinfected HIV-HCV patients .
In a trial including 20% of patients with cirrhosis,
HIV/HCV-coinfected patients receiving paritaprevir/
r/ombitasvir, dasabuvir and RBV had SVR rates
[137]
above 90%, irrespective of treatment duration
.
Combination of grazoprevir and elbasvir showed
comparable results between monoinfected and
coinfected subjects (SVR12 of 93% vs 97% with RBV
[138]
and 98% vs 87% without RBV, respectively) . Data
on SMV use in coinfected patients is limited; its use in
[139]
12 HIV/HCV-positive patients showed SVR of 92% .
DCV/SOF regimens in HIV/HCV-coinfected patients
showed SVR of 98% when administered for 12 wk
in treatment-experienced patients. Shorter regimens
(e.g., 8 wk), however, were associated with high
[140]
relapse rates especially in cirrhotic patients .
Although some trials were limited by a small number
of patients or presented only interim results, anti-HCV
treatment appeared to have similar efficacy among
coinfected and monoinfected patients. Therefore, the
new guidelines do not consider HIV/HCV coinfected
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patients as a special population and recommend DAAbased treatments irrespective of HIV status. Among
different anti-HCV regimens, paritaprevir/ritonavir/
ombitasvir plus dasabuvir was the most susceptible
to drug interactions with antiretrovirals. SMV can also
cause drug interactions with PI, efavirenz, etravirine,
and ciclosporin; conversely, minor or non-clinically
significant interactions were seen with DCV, SOF, or
[141]
LDV
. LDV/SOF, however, may increase tenofovir
levels when associated with ritonavir-boosted HIV
PI and its use is not recommended in patients with
estimated CrCl < 60 ml/min.
Recently, recommendations for the treatment of
HIV/HCV-coinfected LTR with recurrent HCV disease
[142]
have been published by a group of experts
.
Based on the efficacy and the low potential for drug
interactions, SOF/RBV and SOF/daclatasvir ± RBV
were identified as potentially preferred regimens in
[142]
HIV/HCV-coinfected LTR .
Updated databases and publications detailing the
interactions between anti-HCV regimens and antire
trovirals are available and should always be consulted
[112,116]
for the management of coinfected patients
.

CONCLUSION
Until recently, a well-tolerated and effective treatment
protocol for the recurrence of HCV infection following
LT has been an important unmet clinical need. The
excellent response rates from new DAA combination
therapies have opened new scenarios for patients
with HCV-related advanced liver disease. Difficult-totreat patients (including LT candidates and recipients),
however, have been understudied in recent trials. Even
if data is limited in these patient populations, overall
cure rates in clinical practice compared to clinical
trials remained high, suggesting that even in real-life
patients the high SVR rates can be reproducible. The
benefits provided by the new anti-HCV regimens apply
to both pre-transplant and post-transplant periods.
Good safety profiles, high SVR rates, and MELD score
improvement among patients with CTP C cirrhosis
on waiting list shown by SOF-based regimens may
lead to a delay in organ allocation. This result was not
reported with Peg-IFN/RBV and could be attributed
to IFN-free regimes that lack the catabolic effects
induced by IFN, hence allowing a significant clinical
improvement over a short time frame. Among LTR,
early antiviral treatment after transplant (e.g., from
6 to 12 mo) may become standard and reduce the
occurrence of advanced CPT scores that have been
correlated to a limited response to anti-HCV treatment.
IFN-free, DAA combinations may represent the future
ideal option for patients on transplant waiting list and
post-LT. Given that a high proportion of patients in
recent trials still required concomitant erythropoietin
or blood transfusions, the possibility to eliminate RVB
appears very attractive. Nevertheless, drawbacks
and open questions still apply to the scenario of new

WJG|www.wjgnet.com

anti-HCV drugs. While compounds such as SOF,
GS-5816, and daclatasvir have activity against various
genotypes, most combinations are mainly active
against genotype 1. Among patients with genotype 3
and cirrhosis, however, reduced SVR were reported.
Furthermore, a growing number of patients who have
failed under DAA-based therapy will need more potent
treatment options in the near future. Specifically,
cirrhotic genotype 1 patients with a history of previous
HCV treatment failure represent a challenging
population. Among patients with cirrhosis, including
LTR, unanswered questions concern the need for RBV
association to new therapies and the requirement to
pursue longer treatment duration (12 wk vs 24 wk).
Renal impairment, that often complicates ESLD, has
not been fully addressed in the recent studies and
necessitates further attention. Overall, a proportion
of patients with advanced liver disease will progress
towards ESLD despite the achievement of SVR, and the
impact of new therapies is likely to be limited among
patients with HCC. Finally, availability restrictions along
with new treatments high cost still have a big impact
on patient populations who necessitate prioritized
treatment.
In conclusion, the availability of new options in the
treatment of HCV infection is likely to have a major
impact in liver transplant candidates and recipients.
Further studies employing new DAA combinations
in the treatment of patients with decompensated
cirrhosis, HIV/HCV coinfection, and chronic kidney
disease are awaited in order to improve the manage
ment of difficult-to-treat populations that often require
urgent treatment.
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Abstract
It is well established that hepatitis C virus (HCV)
infection and replication relies on host lipid metabolism.
HCV proteins interact and associate with lipid droplets
to facilitate virion assembly and production. Besides,
circulating infective particles are associated with very
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low-density lipoprotein. On the other hand, higher
serum lipid levels have been associated with sustained
viral response to pegylated interferon and ribavirin
therapy in chronic HCV infection, suggesting a relevant
role in viral clearance for host proteins. Host and
viral genetic factors play an essential role in chronic
infection. Lipid metabolism is hijacked by viral infection
and could determine the success of viral replication.
Recently development of direct acting antiviral agents
has shown a very high efficacy (> 90%) in sustained
viral response rates even for cirrhotic patients and most
of the viral genotypes. HCV RNA clearance induced
by Sofosbuvir has been associated with an increased
concentration and size of the low-density lipoprotein
particles. In this review, host genetic factors, viral
factors and the interaction between them will be
depicted to clarify the major issues involved in viral
infection and lipid metabolism.
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Core tip: Hepatitis C virus (HCV) is known to be closely
related and associated with host lipid metabolism.
Recently development of direct acting antiviral agents
has shown a very high efficacy (> 90%) in sustained
viral response rates even for cirrhotic patients and most
of the viral genotypes. HCV RNA clearance induced
by Sofosbuvir has been associated with an increased
concentration and size of the low-density lipoprotein
particles. Host and viral genetic factors play an essential
role in chronic infection. Lipid metabolism is hijacked by
viral infection and could determine the success of viral
replication.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a relevant public
health problem, infecting approximately 170 million
[1]
people worldwide . About 70% of infected patients
will develop chronic HCV infection. One third of
them have a significant increased risk of advanced
liver fibrosis, cirrhosis development and finally,
hepatocellular carcinoma. With the recent emergence
of first generation direct acting antivirals (DAAs), and
the development of a second generation DAAs, They
have been a near-final step towards the eradication of
[2-5]
HCV infection .
HCV is known to be closely related and associated
with host lipid metabolism. HCV proteins interact and
associate with lipid droplets to facilitate virion assembly
[6]
and production . Besides, circulating infective particles
are associated with very low-density lipoprotein
(VLDL)-like particles, referred as lipoviral particles
[7]
(LVP) . A proposed mechanism to facilitate HCV entry
has been postulated based on the incorporation of host
[7-9]
apolipoproteins into the LVP . It has been shown
that several apolipoproteins are necessary for viral
[10-12]
assembly and the production of infective particles
.
Moreover, elevated serum lipid levels have been
associated with the rate of sustained viral response
to pegylated interferon and ribavirin (Peg-IFN + RBV)
therapy for chronic HCV infected patients, suggesting
a key role for host proteins in the eradication of viral
[13,14]
infection
. In this review, host genetic factors,
viral factors and the interaction between them will be
depicted to clarify the major issues involved in viral
infection and lipid metabolism.

Host genetic factors
All viruses, as obligate intracellular parasites, are
implicitly dependent on host cell functions for their
survival and propagation. There is an emerging
understanding of the possible role played by lipid
droplets (LDs) in the life cycle of a growing number
[15,16]
of viruses, including HCV
. In the establishment
of HCV infection, LDs occupy a central role in the
generation of infectious virions and are specifically
[17]
targeted by viral proteins for this purpose . Diacyl
glycerol acyltransferase-1 (DGAT1) catalyses the final
stage in triglyceride synthesis, and also plays a central
role in formation of LDs. It has been shown that
DGAT1 interacts with both core and NS5A to facilitate
[18]
their recruitment to LDs . DGAT1 also appears to
facilitate interaction between core and NS5A, thereby
functioning as a molecular bridge between the two
proteins to ensure that they are targeted to the same
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[19]

LD

.
The close relationship between serum LDLcholesterol (LDL-C) concentration and the chance of
achieving sustained viral response has been reported
[20]
largely in patients under Peg-IFN + RBV therapy
as well as with direct-acting antiviral-based triple
[21]
therapy . Lipid-conforming LVPs are released after
HCV eradication, thus increasing concentration can
be found in plasma and their concentrations increase
in plasma. As previously pointed out, the higher the
baseline LDL-C serum level, the greater the chance of
curing hepatitis C. This finding is especially relevant
in patients in patients bearing non-favourable IL28B
genotype, together with previous non-responders
patients to Peg-IFN + RBV when treated with triple
[22]
therapy using telaprevir . Some works have analyzed
several genes implicated in lipid transport, such as
APOB, APOC-Ⅲ , APO-L3, and lipid-signaling leptin
receptor, MTTP together with liver X receptor/retinoid
X receptor pathways. Several changes in these genes
have corroborated the link between HCV infection and
lipid metabolism and could also identify these genes
as therapeutic targets for HCV infection, like FASN
inhibition or DGAT activity blockage for inhibition of
viral particles production, together with the prevention
[23,24]
of the viral entry in the cell
(Figure 1).
The liver is the main organ for lipid homeostasis
in the entire body, through production and uptake
of lipoproteins. Lipid homeostasis is a complex
mechanism that involves a large amount of genes.
Several genetic analysis, including Genome-Wide
analysis have been performed to shed some light
on this process. This type of analysis has identified
a strong association between single nucleotide
polymorphisms (SNPs) near the IL28B locus and the
chance of achieving sustained virologic response (SVR)
to Peg-IFN + RBV therapy in HCV patients, as well
[25,26]
as spontaneous viral clearance
. Moreover, higher
plasma levels of ApoB have been associated with
sustained virological response in HCV patients bearing
the rs8099917 responder genotype (located proximal
[27]
to rs12979860) in the IL28B gene . Besides, Duggal
[28]
et al
described the association of SNP rs4273729
related to the HLA class Ⅱ genes on Chromosome
6 with spontaneous HCV clearance independently of
IL28B genotype. Nowadays, the role of the IL28B
genotype on SVR is attenuated - non significant - in
the setting new therapies with NS3 protease, NS5A or
NS5B polymerase inhibitors.
Adiponutrin or patatin-like phospholipase domain
containing 3 (PNPLA3) is a member of the patatin-like
phospholipase family. It is expressed in several human
[29]
tissues with highest expression in the liver . PNPLA3
acts as a transacylase, which synthesises intracellular
triglycerides by transferring acyl groups from monogly
[30]
cerides to mono- and diglycerides . A study by
[31]
Trépo et al
found, in Caucasian chronic hepatitis C
(CHC) patients, a strong and independent association
between PNPLA3 and liver damage. Patients with

10777

October 14, 2015|Volume 21|Issue 38|

Del Campo JA et al . Host-HCV interaction in lipid metabolism
IL28B, BTN3

HCV-host
Genetic interaction

DGAT
FASN
LDs
APOB
APOE
MTTP
PNPLA3
SREBP

Genotype 1a,1b,3a,,,
VLDL

DAAs

Lipid metabolism is hijacked by HCV

Figure 1 Schematic representation of hepatitis C virus and host interplay during hepatitis C virus infection. Viral infection has a direct effect on lipid
metabolism through two main mechanisms: first, by deregulating gene expression (FASN, DGAT, MTTP, SREBP). This effect can be modulated by certain SNPs in
PNPLA3, among others. Secondly, VLDL synthesis is affected, since HCV replication takes place on lipid droplets. SNPs: Single nucleotide polymorphisms; VLDL:
Very low-density lipoprotein; HCV: Hepatitis C virus; DGAT: Diacylglycerol acyltransferase; LD: Lipid droplet; PNPLA3: patatin-like phospholipase domain containing 3.

homozygosity of the risk allele had a 2.5-fold higher
risk for hepatic steatosis and an over three-fold higher
risk for fibrosis as well as for fibrosis progression.
HCV interacts with several proteins of the VLDL
secretion pathway for the production of infectious
particles. Circulating LVP in an infected patient indicate
that HCV virions are associated with hepatically
derived triglyceride-rich lipoproteins (TRL) containing
apoB-100. These lipo-viro-particles are also associated
[8,32]
with gut related lipoproteins containing apoB
.
HCV infection also leads to TRL accumulation through
transcriptional activation of lipogenic genes, thus
[33]
stimulating synthesis of lipids in patients . Besides,
several studies on HCV patients have indicated that
the virus induced lipogenic genes over-expression. This
process may exert a strong influence on inflammation
and fibrosis progression in HCV patients, rather than
causing the lipid accumulation observed in hepatic
[34]
steatosis .
ApoE plays a relevant role in the assembly and
production of viral particles during HCV infection.
ApoE depletion has a significant effect in HCV particles
production compared to apoB or apoA1 in the same
model. This effect may be related to the role of apoE in
HCV assembly and interaction with the viral protease
[11,12,35]
NS5A, as previously described
. The interplay
NS5A-apoE is a key factor for the building of the viral
assembly machinery.
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Viral factors
A previous work performed by our group demonstrated
a relationship between IL28B polymorphism and lipid
[20]
profile in patients with hepatitis C genotype 1 . This
association was not present in patients with hepatitis
C genotype 3 or 4 and in the non-infected control
group. LDL and total cholesterol levels were higher
in patients infected with HCV genotypes 1 and 4
harbouring the favourable (CC) genotype for IL28B
gene. HCV directly causes the appearance of large lipid
droplets in hepatocytes. Remarkably, HCV replication
rates are higher in patients infected with genotype 3,
concomitant with more frequent and severe hepatic
[36]
steatosis . In addition, HCV-induced steatosis related
to genotype 3 infections is abolished when antiviral
therapy is achieved. Moreover, studies performed in
vitro, where cells are transfected with HCV core protein
from different genotypes show that core protein is
sufficient for lipid droplets induction in the hepatocytes,
which is especially relevant - more efficient - in the case
[37]
of genotype 3a core protein . Lack of understanding
for these mechanisms still hamper the characterizarion
of these processes, including the appearance of very
large lipid droplets in genotype 3. The reasons to
explain why genotype 3 is more efficient in steatosis
development are still unknown, since very limited
studies have been performed using different genotypes
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in the same model .
HCV (including genotype 3a) has been reported to
activate in vitro the sterol regulatory element binding
proteins 1c and 2, two transcription factors involved in
[39]
the control of neolipogenesis . However, the evidence
obtained in patients with different viral genotypes
[34,40]
is inconclusive
and thus it is unclear whether
steatosis in genotype 3 is favoured by an increased
fatty acid and/or cholesterol synthesis.

Host-viral interactions and lipids
HCV belongs to the Flaviviridae family. These viruses
use the secretory pathway of the cell for their way
out. Lipoprotein metabolism is tightly associated to
the secretory pathway. For this reason, it has been
suggested that in HCV infection, the virus uses for its
own benefit the VLDL synthesis mechanism of the host
cell. Based on an extensive siRNA analysis, it has been
shown that most of the host proteins involved in HCV
secretion belongs to the classical trafficking pathway,
including microtubules, Golgi recycling endosomes,
VAMP1 secretory vesicles and the lipoprotein apoE,
which is linked to the core protein in the trafficking
[41]
pathway .
High frequency of chronic infection reflects the
fact that HCV has evolved several mechanisms to
evade and suppress innate immunity, resulting in
[42]
HCV progression to chronicity . The viral NS3/4A
protease is a central component of the HCV innate
immune evasion strategy. The multifunctional NS3/4A
protease is required for HCV replication, during which
it processes the HCV polyprotein at several sites to
[43]
liberate the viral NS proteins . NS3/4A also targets
and cleaves mitochondrial antiviral signaling protein
(MAVS) from intracellular membranes to prevent signal
[44,45]
transduction
thus, MAVS cleavage by the HCV
NS3/4A protease disrupts RIG-I signaling of innate
[46]
antiviral immunity and attenuates IFN production .
The interaction host-virus resulted on clone
selection, immune response modulation and induction/
inhibition of proteins involved in the viral entry into the
hepatocyte. Recent insights into how HCV regulates
innate immune signaling within the liver reveal a
complex interaction of patient genetic background with
viral and host factors of innate immune triggering and
control that imparts the outcome of HCV infection and
[47]
[48]
immunity . Host immune responses, both innate
[49]
and adaptive
together with factors regulating HCV
entry into the cell and viral quasispecies, have been
[50]
explored . In a previous analysis, we identified
BTN3A2 (rs9104) to be associated with the selection
[51]
of viral genotype . Our group is currently exploring
HCV susceptibility and to determine the influence
of butyrophilin (BTN) family on the selection of HCV
genotype. An association between BTN3A2 SNP rs9104
and HCV infection by genotype 1 has been recently
described, where genetic variants play a relevant role
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in selecting a HCV genotype and influencing disease
[52]
progression .

Role of new HCV therapies in lipid
metabolism
Sofosbuvir is one of the most relevant drugs for
hepatitis C therapy. It is a nucleotide analogue inhibitor
of the NS5B polymerase which has been recently
approved by the Food and Drug Administration and
European Medicines Agency for HCV treatment and
is currently used in combination with other antivirals
like daclatasvir and ledipasvir (NS5A inhibitors).
Other combinations include a protease inhibitor such
as simeprevir or even with the formerly defined as
Standard of Care for hepatitis C (peg-IFN + RBV).
Sofosbuvir has demonstrated a consistently potent
antiviral activity across several HCV genotypes, and has
been found to be safe and well tolerated, showing a
very high efficacy (> 90%) in sustained viral response
rates even for cirrhotic patients. HCV RNA clearance
induced by Sofosbuvir has been associated with an
increased concentration and size of the LDL particles.
[53]
Recently, Meissner et al
have demonstrated rapid
changes in serum lipoprotein particle concentration
during treatment of chronic HCV, genotype 1-infected
patients with an IFN-free regimen of SOF and RBV.
This likely reflects an altered balance of lipogenesis
subsequent to removal of host lipid metabolism
perturbation induced by HCV. This fact could be due
to differential regulation of genes associated with lipid
transport (APOC3 and APOL3) and lipid assembly and
signaling (LEPR and MTTP) that has been observed
in patients with paired liver biopsies available for
[54,55]
analysis
.
Several studies have suggested that statins
[3-hydroxy-3-methylglutaryl CoA reductase (HMG Co-A)
inhibitors] that inhibit de novo cholesterol synthesis, can
[56]
block HCV replication . Statins appear to inhibit HCV
replication via inhibition of geranylgeranylation of a host
[57]
protein FBL2 which is required for HCV replication .
[58]
Rao et al
have demonstrated that statin use was
associated with an improved SVR among both diabetic
patients and non-diabetic patients receiving combination
antiviral therapy. Hence, poor diabetes control leads to
a lower SVR rate.

CONCLUSION
Host and viral genetic factors play an essential role
in chronic infection. Lipid metabolism is hijacked by
viral infection and could determine the success of viral
replication. Mechanisms of treatment relapse with
DAA therapy are nuclear and differential regulation of
host lipid metabolic pathways may be associated with
treatment relapse and support further investigation of
lipid metabolites as predictors of treatment response
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Abstract
The number of hepatitis C virus (HCV) infection cases
is relatively low in children. This low number may be
connected with the lack of screening tests and the
asymptomatic course of infection. Currently, mother-toinfant transmission is the most common cause of HCV
infection amongst children in developed countries. It is
important to introduce routine screening tests for HCV in
pregnant women. The risk of vertical transmission of HCV
is estimated at approximately 5% (3%-10%). Currently,
we do not have HCV transmission prevention methods.
Some factors could potentially be eliminated by elective
caesarean section. Currently, the method of prevention
of perinatal HCV infection is the early identification and
effective treatment of infections in young women in the
preconception period. We describe genetic tests (IL-28B
single nucleotide polymorphisms) to identify children
with an increased chance of spontaneous clearance or
sustained virologic response achievement and vitamin
D level as a potential predictor of treatment response
in children. It is also important to develop non-invasive
tests that can predict liver fibrosis. The existence of
differences in the mechanisms leading to liver injury
between children and adults creates new perspectives of
action to reduce liver disease progression in children in
the early years of life.
Key words: Hepatitis C virus; Infection in children; Single
nucleotide polymorphisms; Epidemiology; Biomarkers
of liver injury; Vertical infection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vertical transmission (VT) is the most common
cause of hepatitis C virus (HCV) infection in children. It
is important to introduce routine HCV screening tests in
pregnant women. Some hopes for VTC prophylaxis are
associated with directly acting antiviral agents. IL-28B
single nucleotide polymorphisms may help to identify
children with spontaneous clearance and with good
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treatment prognosis. Developing non-invasive tests
that can predict liver fibrosis in children is important.
New biomarkers of liver injury (ITIH4, C4a, arginase 1)
have been shown to reflect liver fibrosis and steatosis.
The differences in liver injury between children and
adults create new perspectives of action to reduce liver
disease progression in children.
Pawlowska M, Domagalski K, Pniewska A, Smok B, Halota W,
Tretyn A. What’s new in hepatitis C virus infections in children?
World J Gastroenterol 2015; 21(38): 10783-10789 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i38/10783.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i38.10783

INTRODUCTION AND EPIDEMIOLOGY
Hepatitis C virus (HCV) infection is a major health
problem affecting approximately 150-180 million
people worldwide, with its estimated 19 million
[1]
persons infected in Europe . Moreover, 3-4 million
people worldwide are newly infected every year, and
350000 patients die every year due to HCV-related
[1,2]
disorders
. According to a report from eightyseven countries, the total global anti-HCV prevalence
[3]
was estimated to be 1.6% (1.3%-2.1%) , whereas
a recent study by the World Health Organization
estimated that the prevalence of HCV varies between
2.4% in Western and Central Europe and 2.9% in
[1]
Eastern Europe .
There are a few current global studies evaluating
the prevalence of HCV infection in children, and
accessible data are mainly estimated and local; there
are no worldwide studies. The reason for this lack
of data could be the lack of screening tests and the
asymptomatic course of HCV infection. According to
NASPGHAN recommendations, HCV screening should
be performed in all children born to HCV-infected
mothers (with assessment of anti-HCV antibodies
in children after 18 mo of age and HCV RNA at a
younger age), in children with chronically elevated
transaminases and in children from regions with a high
prevalence of HCV infection by assessing anti-HCV
antibody levels. All positive anti-HCV antibody tests
should be followed by a HCV RNA test to determine
[4]
whether the infection is active .
The prevalence of HCV infection in children
varies from 0.05%-0.36% in the United States and
Europe and up to 1.8%-5.8% in some developing
[5]
countries . In studies conducted in Rio de Janeiro
[6]
State in 1999-2012, Villar et al collected data from
approximately 1217 children aged 0 to 18 years.
20 individuals (1.7%) had anti-HCV antibodies in
serum samples, but only 3 individuals (0.2% of
all patients) were HCV RNA-positive. Recently, an
epidemiological survey of HCV infection was conducted
amongst children aged 10 to 19 years living in Brazil,
and it reported an overall seroprevalence rate of
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[7]

[8]

0.75% . According to Abd-Elgawad et al , the global
prevalence of HCV infection is relatively low in children,
with an anti-HCV prevalence rate of 0.2%-0.4% in
the Western world, with the exception of Egypt, which
has the highest prevalence of adult HCV infection in
the world, averaging 15%-25% in rural communities.
In two Egyptian studies, anti-HCV antibodies were
detectable in 3%-9% of children, depending on the
region. Similar to global studies, the most common
type of HCV infection in children is genotype 1. The
following findings were confirmed in British research:
63% children were infected with genotype 1, 33% with
[9]
genotype 3 and only 3% with genotype 2 . According
to data from the National Institute of Public Health
in Poland, the number of HCV infections in 2013 was
2641 (6.86 per 100000 people), and only 45 cases
were registered in children from 0 to 18 years of age.
There was also a significant decrease in cases amongst
children and adolescents younger than 19 years of
[10]
age .
There are a few most common routes of HCV
transmission in children: blood transfusions, trans
plantations, unsafe injection procedures and vertical
transmission. In studies conducted in Birmingham,
Great Britain in 1991-2008, 133 children infected with
HCV were analysed. The route of transmission was
vertically acquired in 49%, transfusion acquired in
47% and transplantation acquired in 2%. Moreover,
[9]
Abdel-Hady et al showed that transfusion-associated
hepatitis C was the main cause of HCV infection in
children between the years 1991 and 1995. However,
this route was superseded by vertically acquired HCV
infection from 1995 onwards. These data correspond
with other global studies. Prior to the 1990s, the
principal routes of HCV infection were via blood
transfusion and the unsafe use and reuse of injection
equipment in hospitals. Unfortunately, in developing
countries, these causes of HCV transmission are still
[5]
reported amongst children .
Currently, mother-to-infant transmission of HCV
is the most common cause of HCV infection amongst
[1,5,9,11]
children in developed countries
. The incidence
of HCV infection in pregnant women ranges from
1%-2% in the United States and Northern Europe
[12]
and up to 8% in developing countries. Sood et al
estimated a HCV RNA prevalence rate of 1.43% in
pregnant women in northern India, although this
rate is comparable to those reported in other parts
[9]
of the world (0.1%-2.4%) . In a meta-analysis
[11]
conducted by Benova et al , the risk of vertical HCV
infection in children of HCV antibody-positive and
RNA-positive women was 5.8% for children of human
immunodeficiency virus (HIV)-negative women and
10.8% for children of HIV-positive women. These
[13]
results correspond with data from Yeung et al , which
showed that the risk was 1.7% amongst children born
to all HCV antibody-positive women and 4.3% amongst
children of HCV RNA-positive women. In Europe, the
estimated rate of vertical HCV transmission also ranges
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[1,9]

from 2% to 5% . Therefore, routine screening tests
for HCV infection need to be introduced in pregnant
women.

PREVENTION OF VERTICAL HCV
INFECTION
Mother-to-child transmission (MTCT) is currently
responsible for 60%-90% cases of chronic hepatitis
[14]
C in paediatric patients in developed countries . For
many years, many studies have been conducted to
identify the risk factors of vertical transmission of HCV
and potential ways to prevent this infection. Most of
the published works come from developing countries.
6
High maternal serum viral load (HVL - ≥ 10 copies/
mL) during the perinatal period, the inflammatory
activity in the maternal liver, coexisting HIV infection,
and female sex of the baby are considered to be factors
that potentially increase the risk of MTCT. Additionally,
potential factors associated with higher risk of
transmission are prolonged labour, premature rupture
of the membranes, a long period from rupture of
membranes to childbirth, newborn massive exposure to
maternal blood and HCV-contaminated fluids, maternal
intravenous drug abuse, HCV infection in the mother’
s sexual partner, maternal liver inflammation activity,
the use of invasive foetal testing and assisted vaginal
[1,9,11,12]
delivery (forceps and vacuum extractor)
. The
length of labour and the time of rupture of membranes
are associated with newborn exposure to the maternal
blood and fluids, which are potential sources of infection.
Maternal intravenous drug abuse is associated with a
higher risk of the presence of HCV RNA in maternal
peripheral blood mononuclear cells and thus with a
[15]
higher risk of perinatal transmission . Breastfeeding
in the context of the risk of HCV transmission has also
been the subject of many studies.
High maternal viral load in the perinatal period and
coexisting HIV infection seem to be the most important
[16,17]
factors that increase the risk of MTCT
. According
[17]
to Murakami et al , the risk was higher in children of
mothers with a high viral load in the perinatal period,
prolonged exposure to the maternal blood and fluids in
the genital tract and premature rupture of membranes.
[18]
Cottrell et al
performed an extensive meta-analysis
of published studies on the risk factors of vertical
transmission of HCV, including invasive foetal testing
and prolonged rupture of membranes. They found
divergent data. Most of the available studies excluded
the impact of breastfeeding on the risk of transmission.
Currently, we do not have HCV transmission pre
vention methods that could be used in newborns,
in contrast to HIV and HBV. A vaccine against HCV
or a specific immunoglobulin has not yet been de
veloped, and recommended chemoprophylaxis is not
available. The identification of risk factors for MTCT is
therefore the basis for developing recommendations of
procedures to prevent or at least reduce the likelihood
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of transmission. The most important risk factor seems
to be a high viral load in the mother during the perinatal
period. Its reduction can only be achieved by the use of
antiviral treatment. There is currently no recommended
chemoprophylaxis of perinatal HCV infection.
The use of pegylated interferon (PegIFN), espe
cially during the first trimester of pregnancy, may
be associated with an increased risk of miscarriage
and low birth weight, and ribavirin (RBV) is classified
by the FDA as category X because of its teratogenic
effects. Accordingly, prevention using standard
therapy cannot be applied during pregnancy, and
women who have begun treatment before pregnancy
should discontinue the therapy immediately after the
confirmation of pregnancy. Some hopes are associated
with direct acting antiviral agents, which appear to
have a greater safety profile in pregnancy and show no
teratogenic effects; they are applicable and effective
[19]
without PegIFN and RBV . Another proven risk factor
for MTCT is concomitant HIV infection. The risk of
transmission of HCV infection in children of HCV- and
HIV-positive mothers without antiretroviral treatment
is estimated to be 15%, which is 3 times higher than
in children of HIV-negative mothers. To some extent,
we have the opportunity to reduce this risk through
the use of highly active antiretroviral therapy. The
effectiveness of such a procedure in reducing HIV viral
load is indicated by the significant reduction in the risk
of HCV transmission, probably by reducing the HCV
[20]
viral load .
Another group of potential risk factors for MTCT
is related to the duration of labour or rupture of
membranes time (more than 6 h), as well as the
use of invasive foetal testing and assisted vaginal
delivery. These factors could potentially be eliminated
by performing an elective caesarean section. The
effectiveness of this approach is the subject of a
number of prospective and retrospective studies, the
results of which are divergent; currently, there is no
evidence to recommend elective caesarean section
to reduce the risk of perinatal transmission of HCV.
The results of the analysed studies were inconsistent;
some showed a reduction in the risk of infection
by using elective caesarean section compared with
vaginal delivery or emergency caesarean section, but
the differences in most studies were not statistically
significant, and subsequent studies have not confirmed
these observations. The conclusion was that it is not
currently possible to indicate any particular intervention
[18]
that would involve a reduction in the risk of infection .
A meta-analysis conducted by Ghamar Chehreh et
[20]
al
showed that caesarean section does not reduce
the risk of perinatal transmission of hepatitis C virus
from HCV-RNA (+)/HIV (-) mothers to their infants.
[17]
However, Murakami et al
conducted a prospective
study, which, inter alia, assessed the risks associated
with various modes of delivery in patients with high
viral load in the perinatal period. According to the
obtained data, elective caesarean section in patients
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with HVL was associated with a significant reduction in
the risk of transmission of infection; MTCT was found in
41% of infants born vaginally and none of those born
by elective caesarean section. The authors therefore
suggested that elective caesarean section could be an
effective method to prevent MTCT in women with HVL.
Furthermore, in a retrospective study, it was found that
the effectiveness of elective caesarean section reduced
the risk of transmission of HCV infection in patients co[21]
infected with HIV .
Currently, there are no recommendations regarding
chemoprophylaxis of perinatal HCV infection. There
is also no obvious evidence that the mode of delivery
affects the risk. Therefore, despite the significant
progress that has been made in recent years in
the treatment of chronic HCV infection, the only
unequivocally recommended method of prevention of
perinatal HCV infection is the early identification and
effective treatment of infections in young women in
the preconception period, but the treatment should be
completed at least 6 mo before a planned pregnancy
due to the potential teratogenicity of currently used
drugs.

NEW TESTING DIRECTIONS
The rest of the work describes only the latest aspects
and directions of the research recently conducted in
paediatric patients with chronic hepatitis C (CHC),
which may have a potential impact on the develop
ment of diagnostic tests for monitoring patients, on
the prediction of adverse consequences in the course
of the disease and on treatment results.

NEW TESTING DIRECTIONS FOR THE
PREDICTION OF PERSISTENT INFECTION
The estimated rates of spontaneous clearance of
the HCV RNA in vertically infected children vary
considerably, and in the European population, the rates
[22-24]
do not exceed 30%
. Spontaneous clearance of
HCV in vertically infected children has been associated
with HCV genotype 3 infection and with transaminase
[22]
flare in the first year of life. Recently, Garazzino et al
confirmed the results of previous studies by showing
that the resolution of infection is higher in patients
infected with HCV genotype 3 and in patients with
higher ALT levels in the first two years of life. Currently,
we are additionally able to identify a group of children
with an increased chance of spontaneous clearance
by performing a genetic test determining the single
nucleotide polymorphisms (SNPs) in the IL-28B gene.
In 2011, a preliminary study showed the independent
association of the rs12979860 polymorphism with the
spontaneous clearance of HCV genotype 1 in infants
[25]
infected by perinatal transmission . This connection
[26,27]
was confirmed by multicentre collaborative studies
.
One of these studies enrolled 177 Italian children, of
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which 30 (16.9%) had spontaneous clearance and
[27]
147 had a persistent HCV infection . This study
demonstrated that the favourable CC IL-28B genotype
increases the chances of spontaneous elimination of
the HCV more than twice compared to the CT and TT
genotypes combined (OR = 2.7; 90%CI: 1.3-5.8).
Additionally, an ethnically matched control group with
unknown hepatitis C status obtained from the 1000
Genome Project data was used for the analysis. It
was demonstrated that in children with spontaneous
viral clearance, the prevalence rate of the favourable
genotype CC is significantly higher compared to that
of ethnically matched individuals (56.7% and 34.7%,
respectively, P = 0.03). However, the predictive
potential of IL-28B variation is diversified, which is
associated with variations in geographical distributions
of HCV genotypes and differences in frequency of IL28B SNPs by race. The adult study showed that the
global pattern of IL-28B SNPs distribution may partly
explain the observed discrepancy in the frequency
[28]
of viral clearance across various ethnic groups . In
a recent study conducted in 130 Chinese paediatric
patients with spontaneous clearance, rs12979860 and
rs8099917 SNPs independently predicted spontaneous
[29]
clearance . The odds ratio was 7.39 (95%CI:
1.07-50.41) and 14.27 (95%CI: 3.07-108.50) for
rs12979860 and rs8099917, respectively. In this study
group, the frequency of spontaneous clearance was
47%, which is related to a high frequency (> 85% for
both) of favourable genotype CC of rs12979860 and
genotype TT rs8099917.

NEW TESTING DIRECTIONS FOR THE
PREDICTION OF TREATMENT RESPONSE
Currently, in the case of a confirmed HCV infection, to
comprehensively qualify a patient for treatment, the
HCV RNA levels, HCV genotype and SNPs of the IL28B gene should be determined. These are well-known
predictors of response to interferon-based therapy
in adults. The connection between high baseline
HCV viral load and the unfavourable HCV genotypes
1 and 4 with a higher likelihood of failed interferon
and RBV combination therapy was also confirmed
[30-32]
in children
. The importance of the favourable
genotypes CC rs12979860 and TT rs8099917 in the
IL-28B gene associated with higher sustained virologic
response (SVR) rates in PegIFN-based treatment for
HCV infection in children has been demonstrated in
[33-36]
several studies
. Thus, the determination of the IL28B SNPs may be useful in clinical practice in enhancing
the correct prediction of SVR achievement in children.
In contrast, no associations were found between the
rs8099917 marker and the final treatment outcome
in Japanese children who were treated with response[37]
guided PegIFN or a PegIFN plus RBV combination .
The results of these studies suggests that, similar
to adults, the SNPs of IL-28B appear to have limited
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potential for predicting treatment response, and IL28B genotype testing cannot be used alone to predict
the final outcome. Despite limited prognostic potential,
IL-28B SNPs - as one of the strongest pretreatment
predictors of SVR - are greatly needed for standard
PegIFN-based therapy in CHC children. Although
new specifically targeted antiviral agents are being
introduced in adults, currently, these types of drugs are
not allowed to be used in children because the safety of
this therapy in children has still not been determined.
Therefore, further paediatric studies are needed to
evaluate the potential role of IL-28B genotype testing
together with other known prognostic factors in new
treatment strategies targeting children who poorly
tolerate IFN-based regimens.
Recently, vitamin D levels have also been identified
as potential predictors of response to HCV therapy in
children. A study of Egyptian HCV children showed a
high frequency of vitamin D deficiency and significant
decreases in bone density compared with healthy
[38]
children control groups matched by age and sex . It
was demonstrated that children treated with vitamin
D showed higher early and sustained virological
responses. Therefore, the authors suggest that the
assessment of vitamin D levels before the start of
PegIFN/RBV therapy and correction of any detected
deficiency during the course of therapy may be needed
to improve viral response.

NEW DIRECTIONS FOR BIOMARKERS OF
LIVER INJURY
Whereas chronic hepatitis C is usually asymptomatic
during childhood, long-term infection can lead to
severe and decompensating liver disease in later
[22,39]
childhood or adulthood
. The results of several
paediatric studies reveal that the degree of liver
injury generally correlates with age and duration of
[8,40-42]
infection
, although progression seems to be
slower than observed in those infected later in life.
[43,44]
In contrast to previous studies
that suggest that
co-infection with HBV and HCV is associated with
more severe liver disease and frequent progression
to cirrhosis, in a recent study conducted in Polish
children, HBV/HCV co-infection did not enhance
fibrosis compared with HCV or HBV mono-infection
[45]
groups . However, in this study group, HBV/HCV
co-infection was associated with moderate to severe
necro-inflammation, irrespective of age of biopsy or
duration of infection, and led to significantly higher
necro-inflammatory activity than HCV mono-infection.
Liver biopsy still represents the gold standard
for evaluating the current status of liver injury,
including inflammatory and fibrosis scores in CHC.
However, in children, this may result in a higher risk
of complications; therefore, it is less accepted in
[46]
paediatric patients than in adults . Thus, developing
non-invasive tests that can predict liver fibrosis,
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especially in paediatric populations, is attractive.
Several years ago, Fibrotest and ActiTest were found
to be potential non-invasive assays for the assessment
of hepatic fibrosis and necro-inflammatory activity
in CHC paediatric patients in comparison with liver
[47-49]
biopsy
. In fact, they have limited prognostic
[48]
potential. In the Hermeziu et al study, it was shown
that the global concordance between FibroTest-ActiTest
and METAVIR scores was found in 48% of paediatric
cases. A recent study that used proteomic analysis
of serum from adult patients with CHC revealed that
Complement C4a and inter-alpha-trypsin inhibitor
heavy chain 4 (ITIH4) were potential factors to predict
[50]
liver fibrosis . A study including 30 Egyptian CHC
children showed that C4a was not associated with
histological scores, but it could predict significant
fibrosis (presence of bridging fibrosis) with acceptable
[51]
clinical performance . The paediatric experience
with serum level of ITIH4 showed notable correlation
[52]
of this marker with later stages of fibrosis . ITIH4
serum levels were substantially higher in patients
with significant fibrosis than in those at lower fibrosis
stages. Based on the available data, non-invasive tests
designed to predict the degree of liver injury currently
have too many limitations to constitute an alternative
to liver biopsy; however, they may be useful to
detect significant fibrosis. Non-invasive detection of
significant fibrosis is very important for treatment
decisions. Patients with significant fibrosis progression
are commonly prone to cirrhosis, so antiviral treatment
should be strongly considered in this group. In another
preliminary study conducted in children, the aberrant
expression of arginase 1 in liver tissue correlated with
[53]
liver steatosis in HCV infection . Immunochemistry
and western blot analysis showed that there was
higher expression of arginase 1 in HCV patients with
steatosis than in those without it. These findings open
new horizons for diagnostic markers for steatosis, but
the tools need to be confirmed by larger studies.
There is relatively little information on the histopa
thology of chronic hepatitis C in children. It is currently
accepted that both immune system-mediated reactions
and viral cytopathic effects are involved in CHC
pathogenesis; however, the effects of each component
on the final result in children and adults have not
been previously studied. In a recent preliminary study,
[54]
Valva et al
evaluated an intrahepatic viral infection
by comparing apoptosis and portal and periportal
infiltrates in paediatric and adult patients. The results
of this comparative study provided the first suggestions
that liver injury in paediatric CHC may be substantially
associated with viral cytopathic effects mediated
by apoptosis, whereas in adults, it could be mainly
associated with an exacerbated immune response.
Knowing the existence of differences in the mechanisms
leading to liver injury between children and adults
creates new perspectives of action to reduce liver
disease progression in children in the early years of life.
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Abstract
In Iran, the prevalence of hepatitis C virus (HCV)
infection is relatively low according to the populationb a s e d e p i d e m i o l o g i c a l s t u d i e s . H o w e ve r, t h e
epidemiology of HCV is changing and the rate of HCV
infection is increasing due to the growth in the number
of injecting drug users in the society. In addition, a shift
has occurred in the distribution pattern of HCV genotypes
among HCV-infected patients in Iran. Genotype 1a is the
most prevalent genotype in Iran, but in recent years,
an increase in the frequency of 3a and a decrease in
1a and 1b have been reported. These variations in the
epidemiology of HCV reflect differences in the routes of
transmission, status of public health, lifestyles, and risk
factors in different groups and geographic regions of Iran.
Health policy makers should consider these differences to
establish better strategies for control and prevention of
HCV infection. Therefore, this review was conducted to
present a clear view regarding the current epidemiology
of HCV infection in Iran.
Key words: Hepatitis C virus; Blood donors; Injecting
drug users; Hemodialysis; Hemophilia; Thalassemia;
Genotypes; Occult hepatitis C virus; Epidemiology; Iran
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The distribution patterns of hepatitis C virus
(HCV) infection are related to different status of public
health and the presence of risk factors in the society. In
Iran, the predominance of risk factors for transmission
of HCV has changed from blood transfusion to
intravenous drug use; and due to the growth in the
number of injecting drug users, the prevalence of
HCV infection is rising in the country. Even the recent
changes in the distribution pattern of HCV genotypes
confirm this issue. Overall, the epidemiology of HCV is
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changing in Iran. Therefore, this review was conducted
to present a clear view about current epidemiology of
HCV in Iran.
Taherkhani R, Farshadpour F. Epidemiology of hepatitis C virus
in Iran. World J Gastroenterol 2015; 21(38): 10790-10810
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i38/10790.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i38.10790

INTRODUCTION
Hepatitis C virus (HCV) is a small, enveloped positivestranded RNA virus, belonging to the family Flaviviridae
[1,2]
and the genus Hepacivirus
. Based on genomic
heterogeneity, HCV has been classified into seven
[3,4]
genotypes and over 70 different subtypes . HCV is
transmitted through exposure to infected blood and
blood products. Blood transfusion, injecting drug use,
sexual intercourse, surgery, and tattooing are some
[5,6]
possible ways to spread HCV infection . Among
these, HCV transmission by sexual intercourse is less
common and includes those that lead to mucosal
exposure to infectious blood or blood-derived body
ﬂuids and is related to the presence of mucosal tears
[7,8]
and genital ulcerative disease .
HCV is the major cause of chronic liver disease,
and can lead to cirrhosis and hepatocellular carcinoma
[3,9]
(HCC)
. Although the infection is preliminary
acute with a wide spectrum of clinical manifestations
from asymptomatic to mild or even severe clinical
[10]
illness , about 75% to 85% of acute HCV infections
[11]
slowly progress to chronic infection . Approximately
10%-20% of those chronically infected are at risk of
developing liver cirrhosis within 20 to 30 years, and
of those with cirrhosis, 1%-5% per year will develop
[12]
HCC .
HCV infection is defined as the presence of
HCV-RNA and anti-HCV antibodies in serum or
plasma. A positive HCV antibody test [enzyme linked
immunosorbent assay (ELISA) and immunoblot
assay] indicates exposure to HCV, however, it cannot
distinguish between current or past infection. In
general, anti-HCV antibody positive samples can be
defined as current HCV infection if the HCV RNA test
[reverse transcriptase polymerase chain reaction
[8,13]
(RT-PCR)] is positive
.
According to the World Health Organization
reports, about 130-150 million of the world population
[14]
have chronic HCV infection . In addition, 3-4
million new cases of HCV infection emerge globally
[15,16]
each year
. The chronic infection might result in
cirrhosis, hepatic failure, or HCC, which are responsible
for approximately 350000 to 500000 deaths per
[5,14,17,18]
year
. Therefore, HCV is a life threatening
global health problem, and its prevention is the main
objective.
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HCV has a high rate of genetic heterogeneity,
therefore, no vaccine or immunoglobulin exist to
[18]
prevent this infection . Recent advances in HCV
therapy have led to the development of new antiviral
drugs for treatment of HCV infection, including the
protease inhibitors telaprevir, simeprevir, boceprevir,
and paritaprevir; NS5A inhibitors ledipasvir, daclatasvir,
and ombitasvir; the nucleotide analog NS5B polymerase
inhibitor sofosbuvir; and the non-nucleotide polymerase
[8,19,20]
inhibitor dasabuvir
. These new therapies are
well-tolerated and safer and much more effective
than the previous therapies pegylated interferon
[20]
(IFN)/ribavirin . Despite these advantages, pegylated
IFN-α in combination with ribavirin is recommended as
[21-24]
the standard treatment for HCV infection in Iran
.
The reasons for this are the high cost and restricted
availability of the new medications in low- and middle[25]
income countries .
Iran is a vast country with various ethnicities in
different provinces. This country, with an area of about
2
1700000 km , is located in the Middle East between
Arab peninsula, Indian subcontinent, Europe, and
[26,27]
Middle Asia
. There are variations in the prevalence
and epidemiology of HCV in different groups and
regions throughout the country. To achieve better
strategies for the prevention and management of
HCV infection, the current knowledge regarding the
epidemiology of HCV infection merits reviewing.
Therefore, we present here a clear review about the
current epidemiology of HCV in Iran.

HCV IN BLOOD DONORS
In Iran, the prevalence of HCV infection among
blood donors in different studies varies considerably,
depending on the study population, sample sizes,
study periods, the geographic regions, risk factors,
and the methods and type of kits used to determine
[15,28]
HCV
. According to the results of a meta-analysis
study, the prevalence of anti-HCV among 10739221
[28]
blood donors was 0.5% during 1996 to 2011 . In
another study, the rate of anti-HCV seropositivity
among 6499851 blood donors was 0.13% during
[29]
2004 to 2007 . The highest anti-HCV prevalence of
1.39% was declared in 2005, followed by a significant
decreasing rate from 0.13% in 2007 to 0.03% in
[4,28]
2009
. The reasons for this decline were the
implementation of more restrictive rules in physical
examination prior to donation and the application of
more sensitive HCV test kits for screening the blood
[27,28]
by Iran Blood Transfusion Centers
. In addition,
the public has become more aware of the routes of
[29]
transmission of HCV infection in recent years .
Iran has the lowest anti-HCV prevalence among
blood donors compared to corresponding figures in the
Middle East countries, such as 0.6% in Lebanon, 0.8%
in Kuwait, 0.9% in Oman, 2.7% in Yemen, and 5%-25%
[4,27,28,30,31]
in Egypt
. Globally, however, the lowest HCV
prevalence of 0.01%-0.1% has been reported in the
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Table 1 Prevalence of hepatitis C virus among blood donors in Iran
Author

Year of study City or province

Taheri Azbarmi

2003-2005

Mansour-Ghanaei

Location

No. of
participants

No. of positive
samples

Prevalence

Test

Ref.

North

49820

91

0.18%

ELISA and RIBA

[36]

1998-2003

Rasht,
Gilan province
Gilan

North

221508

2006-2008
2003-2005

Golestan
Tehran

North-East
North-Center

128198
1004889

Attarchi
Khedmat

2003-2004
2005-2006

Tehran
Tehran

North-Center
North-Center

26645
318029

1.62%
0.32%
0.12%
2.10%
0.10%
0.20%
0.09%

Bozorgi
Mahdaviani

2002-2004
2004

Qazvin
Arak

West-Center
West-Center

48116
11615

2009

Qazvin

West-Center

20591

73
81
33
328
35

0.15%
0.70%
0.20%
1.59%
0.17%

Afzali
Moniri
Karimi
Masaeli
Esmaieli
Ghavanini
Emamghorashi
Kasraian
Kasraian
Delavari
Tajbakhsh
Doosti

1996-2001
2001-2002
2004-2006
2002-2003
2006-2007
1998
2001-2003
2002-2005
2007-2008
2003
2004
2003-2004

Kashan
Kashan
Shahr-e Kord
Isfahan
Bushehr
Shiraz
Jahrom
Shiraz
Shiraz
Kerman
Shahr-e kord
Shahrekord

Center
Center
Central
Center
South
South
South
South
South
South-East
West
West

43731
600
35124
29458
20294
7897
3000
507531
93987
15252
11472
11200

477
3
70
24
42
47
9
710
203
60
69
76

Ghafouri

2006-2009

South Khorasan

East

42652

31
13

1.10%
0.50%
0.20%
0.27%
0.20%
0.59%
0.30%
0.14%
0.21%
0.39%
0.60%
0.67%
0.59%
0.41%
0.07%
0.03%

ELISA
RIBA
ELISA and immunoblot
ELISA
RT-PCR
ELISA and RIBA
ELISA, immunoblot and
RT-PCR
ELISA and RIBA
ELISA
RIBA
ELISA
HCV conﬁrmatory tests
(ND)
ELISA
ELISA
ELISA and immunoblot
ELISA and RIBA
ELISA and immunoblot
ELISA and immunoblot
ELISA and immunoblot
ELISA
ELISA and RIBA
ELISA
ELISA
ELISA
immunoblot
RT-PCR
ELISA
RIBA

[37]

Bani Aghil
Khedmat

3603
709
161
21390
1005
42
323

Bozorgi

[38]
[39]
[40]
[35]
[41]
[42]
[43]

[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]

[56]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot
assay.

[5,18,32-34]

United Kingdom and Scandinavia
.
At present, the ELISA and confirmatory recom
binant immunoblot assay (RIBA) are used routinely
for screening of the blood donors by the Iranian blood
bank transfusion centers. It seems screening of blood
is an important factor in controlling and reducing
the rate of HCV infection in the general population.
However, the presence of asymptomatic or occult HCV
infected donors with no detectable HCV Ab or low copy
number of HCV genomes in their blood is a potential
source of HCV transmission. Thus, the risk of HCV
transmission through blood transfusion is considered
[28,35]
[35-56]
an important public health concern
(Table 1
).

HCV IN GENERAL POPULATION
With an overall anti-HCV prevalence of less than 1%
in the general population, Iran is considered a country
[27]
with low frequency HCV infection . However, it
seems the prevalence of HCV is slightly rising in the
[57,58]
country
. The prevalence of HCV infection in the
general population varies considerably in different
[58-68]
regions of Iran (Table 2
). These variations in the
prevalence of HCV might be due to the differences in
the quality of public health services, lifestyles, habits,
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and rates of high-risk behaviors in different geographic
[15,28]
regions
.
In Iran, the prevalence of HCV infection in the
general population is lower than those of the neigh
boring countries such as Afghanistan (1.1%), Turkey
(1%-2.1%), Pakistan (4.7%), Iraq (7.1%), and Qatar
[4,30]
(6.3%)
. Globally, the highest HCV prevalence of
[59]
17.5% (13%-22%) has been reported in Egypt .
The general population-based prevalence of HCV
infection is used to describe and compare the local and
[10,16]
global epidemiology of HCV infection
. The surveys
on prevalence of HCV in the blood donor population fail
to assess the true prevalence in an entire community.
Since a large number of HCV positive cases are
excluded from donating blood, the donor population
is representative of a population at low risk of HCV
infection. A recent study reported a HCV prevalence
[27]
of 9.2% in the excluded individuals . Therefore, the
prevalence of HCV in the general population is higher
[27,28]
than that in the donor population
.

HCV IN HIGH-RISK GROUPS
HCV in intravenous drug users

Presently, injecting drug use is the main route of HCV
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Table 2 Prevalence of hepatitis C virus among general population in Iran
Author

Year of study

City or province

Location

No. of
participants

No. of positive
samples

Prevalence

Test

Ref.

Zamani

2008-2011

Amol, Mazandaran

North

6145

Gilan

North

383

Shakeri

2010-2011

Mashhad

North-East

3870

Ghadir

2006

Golestan

North-East

2123

Merat
Merat
Merat
Motlagh

2006
2006
2006
2001

Golestan
Tehran
Hormozgan
Ahvaz

North-East
North-Center
South
South-West

1895
2326
1463
80

Nikbakht
Moradi

2007-2008
2001-2002

South-West
South-East

712
365

ELISA
RIBA
RT-PCR
ELISA
RT-PCR
ELISA
RT-PCR
ELISA
RIBA
ELISA and RIBA
ELISA and RIBA
ELISA and RIBA
ELISA
Immunoblot
ELISA
ELISA

2006

Ahvaz
Saravan,
Sistan and
Baluchestan
Kermanshah

0.20%
0.08%
0.05%
2.30%
1.30%
0.20%
0.13%
2.60%
1.00%
1.00%
0.30%
1.60%
6.25%
0.00%
0.63%
0.80%

[60]

2003

12
5
3
9
5
8
5
56
22
18
8
24
5
0
9
3

West

1721

15

0.87%

[67]

2007-2008

Lorestan

West

827

2

0.20%

ELISA, immunoblot
and RT-PCR
ELISA

Mansour-Ghanaei

Sayad
Mohebbi

[61]
[62]
[63]
[58]
[58]
[58]
[64]
[65]
[66]

[68]

ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot assay.

Table 3 Prevalence of hepatitis C virus among injecting drug users in Iran
Author
Mohtasham Amiri
Rahimi-Movaghar
Hosseini
Zali
Zamani

Hajinasrollah
Amin-Esmaeili
Nokhodian
Zamani
Kassaian
Fadaei Nobari
Soﬁan
Ramezani
Honarvar

Davoodian
Sarkari

Year of
study

City or province

2003
2006-2007
2006
1995

Gilan
Tehran
Tehran
Tehran

2004

Tehran

2005
2006-2007
2008-2009
2008
2009
2011
2009
2012
2012-2013

Tehran
Tehran
Isfahan
Isfahan
Isfahan
Isfahan
Arak, Markazi
Arak
Shiraz

2002

Bandar Abbas,
Hormozgan
Kohgiloyeh and
Boyerahmad
Shahr-e Kord
Ahvaz
Hamadan
Hamadan

2009-2010

Imani
2004
Alavi
2002-2006
Mohammad Alizadeh
2002
Keramat
2005-2007

location

No. of participants

No. of positive
samples

Prevalence

Test

Ref.

North
81
North-Center
895
North-Center
417
North-Center 402 (Male imprisoned
IDUs)
North-Center
202

72
309
334
182

88.9%
34.5%
80.0%
45.3%

ELISA
ELISA
ELISA
ELISA, RIBA

[72]
[73]
[74]
[75]

105

52.0%

[76]

North-Center
65
North-Center
895
Center
531
Center
117
Center
943
Center
1747
West-Center
153 (Male IDUs)
West-Center
100 (Male IDUs)
South
569 (High risk groups)
233 (IDUs)
336 (non-IDUs)
South
249

11
309
250
71
392
595
91
56
109
94
15
163

17.0%
34.5%
47.1%
60.7%
41.6%
34.0%
59.5%
56.0%
19.1%
40.3%
4.4%
64.8%

Particle
Agglutination (PA)
assay
ELISA
ELISA
ELISA
EIA
ELISA
ELISA
ELISA
ELISA
ELISA and
immunoblot
ELISA

[85]

[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[70]

South-West

158

67

42.4%

ELISA

[86]

Sout-West
South-West
West
West

133
333
149 (IDUs Prisoners)
379 (High risk groups)
199 (IDUs)

15
103
47
135
126

11.3%
30.9%
31.5%
35.6%
63.3%

ELISA
ND
ELISA, immunoblot
ELISA, immunoblot

[87]
[88]
[89]
[90]

IDUs: Injecting drug users; ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RIBA: Recombinant immunoblot assay.

[6,9,69]

transmission
. Iran has one of the highest numbers
[9,70]
of drug addicts in the world
. It has been reported
that 2.8% of Iranian adults aged 15-64 years are drug
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abusers and about 180000 (12.2%) of this population
[9]
are injecting drug users (IDUs) . Estimates from Iran
[6]
show a HCV prevalence of 50%-75% among IDUs .
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Table 4 Prevalence of hepatitis C virus among hemodialysis in Iran
Author

Year of study

City or province

Location

No. of
participants

No. of positive
samples

Prevalence

Test

Ref.

Makhlough

2006

Mazandaran

North

186

2001

Gilan

North

298

Joukar

2008

Gilan

North

514

Samimi-rad

2005

Markazi

West-Center

204

21.0%
11.3%
26.8%
24.8%
11.9%
6.2%
5.4%

Bozorghi

2006

Qazvin

West-Center

89

Somi
Zahedi

2012
2010

Tabriz
Kerman

North-West
South-East

455
228

Kalantari
Zamani

2010-2011
1998–2005

Center
North

499
334

10.3%
6.4%
8.1%
7.0%
3.0%
5.2%
20.0%

Assarehzadegan
Nemati
Sotoudehjahromi

2005-2006
1990-2006
2006

Isfahan
Amol, Tonekabon,
Rasht and Ramsar
Mazandaran and
Gilan provinces
Khuzestan
Tehran
Jahrom

9
6
37
16
7
26
67

ELISA
RT-PCR
ELISA
Immunoblot
ELISA
RT-PCR
ELISA, RIBA and
RT-PCR
ELISA
RIBA
ELISA
ELISA
PCR
ELISA
ELISA, RT-PCR

[99]

Amiri

39
21
80
74
61
32
11

South-West
Center
South

214
112
34

Alavian

2003

Tehran

North-Center

838

Broumand

2002

Tehran

North-Center

548

Nasiri-Toosi
Mohammad-Alizadeh
Saboor
Jabbari
Ansari

2007
2002
1999-2000
2008
2005-2006

Tehran
Hamedan
Kermanshah
Golestan
Urmia

North-Center
West
West
North-East
North-West

130
96
140
93
50

Hassanshahi
Ansar

2006-2007
1997-1998

Kerman
Gilan

South-East
North

203
93

34
6
3
2
176
111
105
51
11
9
37
23
19
12
64
52

7.9%
5.3%
8.8%
5.9%
21.0%
13.2%
19.6%
9.33%
8.5%
11.4%
26.4%
24.7%
38.0%
24.0%
31.5%
55.9%

ELISA, RT-PCR
ELISA, RT-PCR
ELISA
RIBA
ELISA
RIBA
ELISA
RT-PCR
ND
ELISA
ELISA
ELISA, RIBA
EIA
RT-PCR
ELISA, RT-PCR
ELISA

[100]
[101]
[102]
[103]
[104]
[105]
[106]
[107]

[108]
[109]
[110]
[111]
[112]
[113]
[114]
[115]
[116]
[117]
[118]
[119]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot
assay.

However, the prevalence of anti-HCV among IDUs
varies considerably in different regions of Iran (Table
[70-90]
3
). The outcomes revealed that Gilan, Hamedan,
Tehran, and Hormozgan provinces have the highest
rate of HCV infection, while Shahre Kord had the
lowest rate of infection (Table 3). As a result, IDUs are
the main source of HCV infection in Iran and account
for the large proportion of current HCV transmission
[6,9,27]
in the society
. In addition, the prevalence of HCV
infection in prisons of Iran is extremely high, where
38% to 90% of imprisoned IDUs have been infected
[9]
with HCV . Interestingly, tattooing more effectively
transmits HCV infection than injecting drug use among
[6]
Iranian prisoners .
The global prevalence of HCV infection among
[71]
IDUs varies considerably from 9.8% to 97.4% .
Approximately 10 million IDUs with a global midpoint
prevalence of 67% are positive for anti-HCV. The
highest rate of HCV infection among the IDUs has
been reported in China (67%, 1.6 million), the United
States (73.4%, 1.5 million), and Russia (72.5%, 1.3
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[71]

million)

.

HCV in hemodialysis patients

Distribution of HCV infection among hemodialysis
patients has a vast geographic variation in different
[91-119]
regions of Iran (Table 4
). According to a recent
meta-analysis study in Iran, prevalence of HCV
infection among this group of patients was reported
to be 13.6%, 12.2%, and 7.6% by ELISA, RIBA, and
PCR, respectively, which is lower than those of Saudi
Arabia (50.5%), Kuwait (43.4%), Jordan (32.5%),
[91-94]
and Pakistan (23.7%)
but higher than those of
Australia (2.3%), United Kingdom (2.7%), Germany
[95-97]
(3.9%), and Bahrain (7.4%)
. The risk of HCV
infection is extremely high among hemodialysis
[11]
patients . Recent surveys show that the prevalence
of HCV infection among hemodialysis patients is not
related to history of blood transfusion. Considering the
fact that the length of time on dialysis is significantly
associated with HCV seropositivity, the nosocomial
transmission is the main route of HCV transmission

10794

October 14, 2015|Volume 21|Issue 38|

Taherkhani R et al . HCV in Iran
Table 5 Prevalence of hepatitis C virus among hemophilia patients in Iran
Author

Year of study

City or province

Location

No. of
participants

No. of positive
samples

Prevalence

Test

Ref.

1999
2004
2010

Gilan
East Azarbaijan
West Azarbaijan

North
North-West
North-West

101
130
35

72
72
3

71.30%
56.00%
8.57%

[120]
[121]
[122]

Mousavian

2003-2005

Tehran

North-Center

1095

802

72.30%

Kalantari

2008-2010

Isfahan

Center

615

2006

Yazd

Center

77

Yazdani
Javadzadeh
Shahshahani
Samimi-Rad

1996-2010
2003

Isfahan
Yazd

Center
Center

350
74

495
347
41
38
231
36

80.50%
56.40%
53.20%
49.40%
66.00%
48.60%

2004

Markazi

West-Center

76

Mahdaviani

2004

Markazi

West-Center

68

Karimi

1999-2000

Shiraz

South

281

34
33
23
26
25
44

44.70%
43.40%
30.26%
38.20%
36.70%
15.65%

Assarehzadegan

2008-2009

Ahvaz

South-West

87

2002

Kerman

South-East

97

47
42
43

54.00%
48.30%
44.30%

2003-2006

Zahedan,
Sistan and Baluchistan
Hamadan

South-East

81

24

29.60%

West

89

44
15

49.40%
16.70%

RIBA
ELISA, RIBA
ELISA, RIBA
and RT-PCR
ELISA and RTPCR
ELISA
RT-PCR
ELISA
RT-PCR
ELISA
ELISA and
RIBA
ELISA
RIBA
RT-PCR
ELISA
RIBA
ELISA and
immunoblot
ELISA
RT-PCR
ELISA and
RIBA
ELISA and
immunoblot
ELISA
RT-PCR

Mansour-Ghanaei
Torabi
Valizadeh

Mobini

Zahedi
Sharifi-Mood
Esfahani

2012

[123]
[124]
[125]
[126]
[127]
[128]

[129]
[130]
[131]
[132]
[133]
[134]

ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot assay.

[11,98]

among Iranian hemodialysis patients

[27,136,137]

.

Hemophilia patients may acquire HCV infection
[98]
via contaminated blood products . In Iran, the
prevalence of HCV among hemophilia patients is very
[98]
high, with an overall prevalence of 40.8%
and has
[120-134]
a wide geographic variation (Table 5
). Most
of the HCV infections among hemophilia patients
are asymptomatic and may lead to liver failure.
Therefore, routine screening for HCV infection in
hemophilia patients is required to prevent the serious
[27]
consequences of HCV infection .

during the window period
. Therefore, the rate of
[137]
HCV infection is high among thalassemia patients .
The geographical distribution of HCV infection
among thalassemia patients varies widely in different
[86,118,119,127-129,137-151]
regions of Iran (Table 6
), but a
recent meta-analysis study reported the overall HCV
prevalence is 18% among thalassemia patients in
[136]
Iran
. Iran has the lowest rate of HCV infection
among thalassemia patients in comparison with
[136]
Eastern Mediterranean countries
. High prevalence
of HCV infection has been reported among thalassemia
in Egypt (69%), Saudi Arabia (63%), and Pakistan
[136]
(45%) .

HCV in thalassemia patients

HCV in health care workers

HCV in hemophilia patients

HCV is a major cause of mortality in thalassemia
patients due to post-transfusion HCV infection,
which dramatically progresses to liver failure or
[27,135]
even HCC
. Therefore, HCV infection is currently
considered the main health problem in thalassemia
patients, and much more attention to HCV screening
in the blood transfusion process may improve survival
[136]
of thalassemia patients
. Even though the current
policies of blood banks have considerably decreased
the incidence of HCV infection in thalassemia patients,
blood transfusion remains the main risk factor for HCV
infection among this group of patients because of
transfusion of HCV-infected seronegative blood donated
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Health care workers are at the risk of acquiring HCV
infection due to occupational exposures to blood and
[152]
blood-derived body ﬂuids
. There are few reports
on the prevalence of HCV infection among health care
[153]
workers in Iran. In Shoaei et al
, HCV infection
status was negative in 203 health care workers in
Isfahan city in 2012. Similarly, all 191 health care
workers were tested negative for HCV antibodies in
[154]
[155]
Shahrud province in 2010 . Hadadi et al
reported
a HCV prevalence of 6.6% (31/467) among health
care workers in Tehran in 2004-2005, and Sarkari
[86]
et al
reported a HCV seroprevalence of 4.2%
among 212 health care workers in Kohgiloyeh and
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Table 6 Prevalence of hepatitis C virus among thalassemia patients in Iran
Author
Mirmomen

Year of study

City or province

Location

No. of participants

No. of positive
samples

Prevalence

Test

Ref.

2002

Tehran
Kerman
Qazvin
Semnan
Zanjan

North-Center
South-East
West-Center
East-Center
West

410
100
95
81
46

80
18
23
19
1

19.6%
18.8%
25.3%
24.4%
2.2%

ELISA, RIBA

[138]

North
North

732
105
245

141
67
46
28
12
30
12

19.6%
63.8%
18.8%
11.4%
10.6%
8.33%
13.3%

ELISA
ELISA
Nested-PCR
ELISA
ELISA
ELISA, RT-PCR

[119]
[139]

23
7
5
2
54
50
109
9
7
122
41
50
31
37
8

24.2%
7.1%
5.1%
2.04%
26.1%
24.01%
27.5%
9.2%
7.2%
24.0%
8.1%
9.1%
5.6%
8.0%
9.4%

ELISA, RIBA
ELISA
RIBA
RT-PCR
ELISA
RIBA
EIA, RIBA
ELISA
RIBA
ELISA
RT-PCR
ELISA
RT-PCR
ND
ELISA, RIBA

[142]
[128]

73

15.7%

[147]

24

18.3%

7
40
30
20
81
58
46
3

5.3%
27.2%
5.3%
3.5%
44.7%
28.2%
22.3%
6.1%

ELISA and
immunoblot
ELISA and
immunoblot
RT-PCR
ELISA
ELISA
PCR
ELISA, RT-PCR
ELISA
RT-PCR
ELISA

Tamaddoni
Mansouritorghabeh
Alavi

2005
2007
ND

Total
Rasht
Gilan and
Mazandaran
Babol
Mashhad
Tehran

Alavian
Samimi-Rad

2002
2004

Qazvin
Markazi

West-Center
West-Center

113
360
90
(pediatric patients)
96
98

Bozorgi

2005

Qazvin

West-Central

207

Azarkeivan
Mahdaviani

1996-2009
2004

Tehran
Markazi

North-Center
West-Center

395
97

Nakhaie

1999-2000

Tehran

North-Center

507

Kalantari

2008-2010

Isfahan

Center

545

Ataei
Javadzadeh
Shahshahani
Karimi

1996-2011
2003

Isfahan
Yazd

Center
Center

466
85

1999-2000

Shiraz

South

2006

Shiraz

South

466
(pediatric patients)
131

Kadivar
Shahraki

1999
2005-2007

Shiraz
Zahedan

South
South-East

Hassanshahi
Ghafourian
Boroujerdnia
Sarkari

2006-2007
2005-2006

Kerman
Ahvaz

South-East
South-West

147
560
(pediatric patients)
181
206

2009-2010

Kohgiloyeh and
Boyerahmad

South-West

49

Ansar
Ghane

1997-1998
2010-2011

Kashef

North
North-East
North-Center

[140]
[137]
[141]

[143]
[144]
[129]
[145]
[124]
[146]
[127]

[148]

[149]
[150]
[118]
[151]
[86]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot
assay.

Boyerahmad province in 2009-2010.
The global prevalence of HCV infection among
[156]
health care workers is 1%-6%
. After HBV, HCV is
the most common blood-borne infection found among
health care workers. Needle-stick or sharp injuries and
mucosal exposure following blood splash are the most
common risk factors for HCV infection among health
[152,153]
care workers
. Therefore, prevention strategies
and training programs are needed for health care
workers to reduce the incidence of HCV infection in this
group.

HCV in homeless people

Homeless people are one of the main high-risk groups
for acquiring HCV infection because of high-risk

WJG|www.wjgnet.com

behaviors, lifestyle, low levels of education, poverty,
[157,158]
and poor hygiene
. There are over 100 million
homeless people worldwide, and the prevalence of HCV
infection among this group varies from 3.9% to 36.2%
[159]
in different parts of the world . Currently, there are
no data on the number of homeless people in Iran,
and only a few studies are available on the prevalence
of HCV infection among homeless people in Tehran,
[157]
the capital of Iran. Amiri et al
reported a HCV
prevalence of 23.3% among 593 homeless individuals
in Tehran in 2012. In another study by Vahdani et
[158]
al
, the prevalence of HCV infection was found to
be 42.8% among 202 homeless men in Tehran city
in 2007. According to the available data in Iran, the
prevalence of HCV infection is considerably high among
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Table 7 Prevalence of hepatitis C virus among HIV-positive patients in Iran
Author
Babamahmoodi
Ramezani
SeyedAlinaghi
Ataei
Davarpanah

Khosravi
Alipour
Davoodian

Year of study

City or province

Location

No. of
participants

No. of positive
samples

Prevalence

Test

Ref.

2008-2010
1999-2004
2004- 2005
1998-2007
2006-2007

Mazandaran
Tehran
Tehran
Isfahan
Shiraz

North
North-Center
North-Center
Center
South

80
95
201
130
226

South
South
South

101
1444
38

33.8%
68.0%
67.2%
77.0%
88.5%
86.7%
26.1%
86.1%
78.4%
94.0%

ELISA
ELISA
ELISA
ELISA and RIBA
ELISA
RIBA
RT-PCR
ELISA
ELISA
ELISA

[173]
[167]
[170]
[168]
[166]

Fars
Shiraz
Bandar Abbas and
Roodan
Kerman
Zahedan
Ahvaz
Khorramabad, Lorestan
Lorestan

27
65
135
100
200
196
59
87
1132
35

South-East
South-East
South-West
West
West

165
52
104
103
391

122
6
77
23
282

73.9%
11.5%
74.04%
22.3%
72.0%

ELISA
ND
ELISA
ELISA
ELISA

[165]
[162]
[171]
[174]
[163]

2011
2002

Zahedi
Sharifi-Mood
Alavi
Saleh
Mohammadi

2011
2000-2005
2001-2003
2013
2007-2008

[172]
[169]
[85]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot
assay.

the older homeless population and homeless IDUs,
[157,158]
especially those with a history of imprisonment
.
The seroprevalence of HCV was reported to be 3.5%
[160]
among the street children in Tehran city in 2008
,
[161]
while it was 1.0% in Isfahan city in 2005-2007 .
The prevalence of HCV infection among homeless
populations is higher than the other blood-borne
infections, therefore, HCV infection is the main health
problem among homeless population of Iran and
implementation of HCV-controlling and educational
programs are required to reduce HCV infection among
[157,158,161]
this population
.

risk of hepatotoxicity due to the extensive use of
anti-retroviral drugs, and subsequently accelerated
[164,169-171]
end stage liver disease
. Overall, one third
of mortalities in HIV infected patients are related to
[163,164,170]
liver diseases
. Therefore, HCV coinfection is
considered a potential threat to HIV positive patients,
and routine screening for HCV infection, as well as HCV
treatment, seem to be necessary in all HIV-positive
[164,165,169,172]
patients
.

HCV in human immunodeficiency virus-positive patients

Mixed cryoglobulinemia is the most common immu
nological disorder reported in patients with chronic
[175-177]
HCV infection
. The prevalence of HCV infection
in patients with mixed cryoglobulinemia ranges from
[178]
40% to 90% worldwide
. Several studies have
reported HCV infection as the etiological agent of
[176,179,180]
mixed cryoglobulinemia
. Gharagozloo et
[181]
al
reported an anti-HCV prevalence of 69% among
patients with mixed cryoglobulinemia in Iran. In Owlia
[182]
et al
, 16% of patients (8/50) with HCV infection
had cryoglobulins in central regions of Iran. However,
this rate was relatively low in comparison with the high
incidence of mixed cryoglobulinemia (19%-> 50%)
among patients with chronic HCV infection.

Prevalence of HCV coinfection among human immuno
deficiency virus (HIV) positive patients ranges from
[85,162]
11.5% to 94.0% in different regions of Iran
(Table
[85,162-174]
7
). This geographic variation in HCV/HIV
coinfection reflects diversity of the risk factors, the
types of exposure, and the epidemiology of these
[163,164]
viruses in different regions of the country
.
However, in all of these studies, intravenous drug use
and a history of imprisonment were the most prevalent
[164-169]
risk factors for HCV/HIV co-infection in Iran
.
The prevalence of HCV coinfection is noticeably high
among HIV-positive patients in Iran. The shared modes
of transmission and the lack of an effective vaccine
[163-165,169,170]
for HCV could explain this high prevalence
.
In Iran, HCV and HIV are predominantly transmitted
[165,170,171]
by injecting drug use
. Moreover, the rate of
IDUs is increasing in Iran, which may boost the rate of
[163]
HCV/HIV coinfection in the country .
HCV coinfection adversely affects HIV disease
outcomes and leads to severe liver disorders, pro
gression to cirrhosis and HCC, and subsequently lower
[163-165]
survival of HIV infected patients
. HIV infection
leads to higher rates of HCV persistence, increased
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HCV IN IMMUNOLOGICAL DISORDERS
HCV in patients with mixed cryoglobulinemia

HCV in patients with diabetes mellitus

Diabetes mellitus is one of the most prevalent
metabolic disorders, and it affects 4.6%-10.0% of the
[183]
Iranian population . In 1994, a possible association
between HCV infection and diabetes mellitus was
[184]
first introduced
. Since then, many studies have
demonstrated that HCV infection has a role in the
activation of host innate immune responses and, via
the TNF-α pathway, induces the destruction of insulin
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signaling pathways and subsequently the development
[185]
of insulin resistance . In addition, immune-mediated
pathogenesis or direct cytotoxic effects of HCV on
pancreatic islet cells results in dysfunction of β cells and
[183,185-188]
declines the insulin production
. Although HCV
infects the pancreas, autoimmunity is not involved in
[186]
the occurrence of diabetes .
Several studies have shown that the prevalence of
HCV among diabetic patients is significantly higher than
[187,189,190]
that in non-diabetic patients
. Interestingly,
male gender, age over 40 years, and abnormal liver
enzymes are associated with high prevalence of HCV
[191]
infection among patients with diabetes mellitus
.
Although there are several reports on the prevalence
of HCV infection among patients with diabetes
mellitus in Iran, the results show great heterogeneity.
[192]
Aghamohammadzadeh et al
reported HCV
seropositivity in 2.5% (10/400) of Iranian patients with
[193]
diabetes mellitus in Tabriz. In addition, Alavian et al
showed an increased risk of diabetes mellitus among
Iranian patients with chronic HCV infection in Tehran.
[194]
While, Janbakhsh et al
reported no association
between HCV infection and the occurrence of diabetes
[195]
in Kermanshah. Metanat et al
found no association
between HCV and diabetes in Zahedan, and Bahar et
[196]
al
reported similar findings in Tehran.
According to the epidemiological data, patients
with chronic HCV infection are at an increased risk for
[191,197,198]
developing diabetes
. HCV infection is a risk
factor for occurrence of diabetes, and diabetes will
enhance the risk of liver fibrosis, cirrhosis, and finally
[187]
progression to HCC . Therefore, screening of all HCV
positive patients for diabetes mellitus is recommended
to reduce the adverse effects associated with diabetes
on HCV infection, which may progress to liver fibrosis,
cirrhosis, or even HCC.
The incidence of diabetes mellitus among HCV
positive patients ranges from 23% to 62% in different
[183]
parts of the world . This incidence is 18.3% among
Iranian HCV-infected patients, which is higher than
[183]
that in the general population of Iran
. Compared
to other parts of the world, the prevalence of diabetes
mellitus among Iranian patients with HCV infection is
low. Overall, there are no adequate studies in this field
in Iran. Therefore, more surveys are recommended
to clearly identify the frequency of diabetes mellitus
among HCV-infected patients in Iran.

HCV in patients with autoimmune thyroid disorders

Autoimmune thyroid disorders (ATD), including
Hashimoto’s thyroiditis and Graves’ disease, are the
[199,200]
most prevalent endocrine problems worldwide
.
Many investigators have investigated the possible
association between chronic HCV infection and
autoimmune thyroiditis. However, the exact role of
HCV infection in the development of autoimmune
[201]
thyroiditis remains unclear
. Investigations have
suggested several mechanisms, including the following:
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(1) Non-autoimmune-mediated pathogenesis through
direct cytopathic effect of HCV on thyrocytes, which
[201]
results in destruction of thyroid follicular cells
;
(2) Autoimmune-mediated pathogenesis due to
the presence of homologous amino acid sequences
between viral proteins and thyroidal proteins or
molecular mimicry and over activation of autoreactive
T-cells and B-cells during HCV infection, which results
[200-202]
in production of anti-thyroid antibodies
; and
(3) The adverse effects of IFN-therapy on thyroid
gland through immune stimulatory and direct effects
of IFN on the thyrocytes, which ultimately results in
[199,201,203]
destructive thyroiditis
. Therefore, monitoring
thyroid function is recommended during IFN-therapy in
[201,204]
patients with HCV infection
.
There are limited reports on the significance of
HCV infection in patients with ATD in Iran. Ziaee et
[204]
al
reported thyroid dysfunction in 10.3% of patients
with chronic HCV infection in Tehran in 2002-2003,
[205]
while, Rahimi et al
found no relationship between
chronic HCV infection and autoimmune thyroiditis
[206,207]
in Kermanshah in 2010. Similarly, Jadali et al
reported no relationship between HCV infection and
Hashimoto’s thyroiditis or Graves’ disease in Tehran
in 2005. Still, more studies are recommended to
generate a clear epidemiological pattern of HCV
infection among patients with thyroid disorders in Iran.

HCV in patients with lichen planus

Lichen planus (LP) is a chronic inflammatory disease
of the skin and mucous membranes with unknown
[199,208,209]
etiology
. Chronic HCV infection appears to
have a role in the pathogenesis of LP through induction
of host immune responses and immune dysregulation
[200,210,211]
in susceptible patients
. This mechanism
was confirmed by the presence of HCV-RNA and
HCV-specific T lymphocytes in the skin and mucous
[200,209]
membrane specimens of patients with LP
.
Another possibility is the effect of IFN-therapy in the
[209]
development of LP in patients with HCV infection
.
However, HCV replicates in skin and mucous lesions of
patients with LP, but no direct cytotoxic effect of HCV
on skin and mucosa cells could be proposed in the
[209]
development of LP
. The majority of patients with
[212]
LP have not been infected with HCV
. In addition,
the incidence of LP among patients with chronic HCV
[199,209]
infection was estimated about 5% (1%-6%)
.
Therefore, it seems that HCV contributes to the
development of LP, with some unknown underlying
[210]
factors also involved in this process .
According to the epidemiological data, the preva
lence of HCV among LP patients varies considerably
from 4% to 62% in different parts of the world,
where this prevalence is higher in HCV endemic
[209,210]
countries
. There are limited reports on the
prevalence of HCV among patients with LP in Iran.
[213]
Rabiei et al
reported high prevalence of oral lichen
planus (OLP) in HCV-infected patients (4.7%) compared
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to the general population (0.5%-2.0%) and suggested
an association between HCV infection and OLP in Gilan
[214]
in 2002. Similary, Khatibi et al
reported a higher
prevalence of OLP in HCV-infected patients (4%) than
the general population in Tehran. In contrast, Rahnama
[215]
et al
reported no association between LP and HCV
[216]
in Kerman in 2005. Similarly, Taghavi Zenouz et al
found no relationship between LP and HCV in Tabriz
[208]
in 2009, and Ansar et al
reported a similar result
[212]
in Hamedan province in 2011. Overall, Petti et al
reported a weak association between HCV and OLP in
Iranian population. Further investigations are needed
to clearly identify the association between HCV and LP
in Iran.

HCV IN MALIGNANCY
HCV in patients with B-cell non-Hodgkin’s lymphoma

HCV is not only primarily hepatotropic, but it can also
affect lymphatic systems and lead to B cell lympho
proliferative disorders such as non-Hodgkin’s lymphoma
[217]
(NHL) . Few studies have evaluated the relationship
between HCV seropositivity and the incidence of NHL
[218]
in Iran. Aledavood et al
reported low prevalence
of HCV infection among patients with NHL (0.7%)
compared to the general population (0.5%-1%) and
found no relationship between HCV infection and NHL
in Northeast of Iran in 2014. In contrast, Rezaeian et
[219]
al
reported high prevalence of HCV in patients with
NHL (15.7%) compared to the control group (0%) and
suggested an association between HCV infection and
[217]
NHL. Similarly, Rastin et al
found a HCV prevalence
of 7.4% among patients with NHL in Mashhad city. NHL
th
is prevalent worldwide and is the eighth and 11 most
[220]
common cancer in males and females, respectively .
Although the exact risk factor for NHL has not yet been
determined, it seems that HCV infection has a role in
[178]
the pathogenesis of this lymphoproliferative disorder .
According to the results of a meta-analysis
study, the global prevalence of HCV infection in NHL
patients is approximately 15%, which is higher than
the prevalence of HCV in general population (1.5%),
suggesting a possible role of HCV infection in the
[221]
development of NHL
. Although the role of other
factors, such as genetic and environmental factors,
should also be considered in the pathogenesis of NHL
[217,221]
malignancy
.

HCV in patients with HCC

HCC is the fifth most common malignancy and the
second most fatal cancer, with approximately 600000
[222]
deaths annually worldwide . HBV and HCV infections
account for 50% and 25% of global HCC cases,
respectively. However, HCV infection is the most
predominant cause of HCC in Japan and the United
[222]
States
. Iran is considered a low endemic area for
HCC, with less than five cases per 100000 persons
[26,223]
annually
. Kerman province, located in Southeast of
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Iran, has a higher incidence of HCC compared to other
provinces. This may be due to higher frequency of HBV
[224]
and HCV infections in this part of the country .
[225]
In Hajiani et al
’s study, the seroprevalence of
HBV and HCV infections among patients with HCC in
southern Iran were 52.1% and 8.5%, respectively.
They pointed out that the prevalence of HCV infection
among HCC patients may be underestimated due to
the potential contribution of occult HCV infection in
the development of HCC. Therefore, the prevalence
of occult HCV infection among patients with HCC
should be investigated in future surveys. Ansari et
[135]
al
found a very low incidence of HCC (0.6%)
among thalassemia patients with HCV infection due
to the anti-HCV treatment in this group of patients. In
Iran, HCV is the second most common cause of HCC
[26,223]
after HBV infection
. However, it is predicted that
chronic HCV infection will replace HBV infection as the
[26]
main cause of HCC in the future .

DISTRIBUTION OF HCV GENOTYPES IN
IRAN
HCV genotypes differ in their nucleotide sequence and
biological properties, such as pathogenicity, infectivity,
antigenicity, response to antiviral therapy, mode of
transmission, as well as geographical distribution
[226,227]
and age-distribution
. Distribution of HCV
genotypes is variable in different regions of Iran (Table
[101,102,128,131,228-251]
8
). Subtypes 1a is more prevalent
in southern and northern Iran, 3a is more prevalent
in northern and central Iran, 1b is more prevalent in
southern and western Iran, and genotype 2 is more
[4,226,228]
prevalent in western regions of Iran
. Overall,
the most frequent genotype in Iran is 1a, followed by
[4]
3a and 1b .
Distribution of HCV genotypes in Iran is different
from other Middle Eastern countries with predominant
genotype 4, but it is similar to the pattern seen in
North America, with predominant genotypes 1, 2,
[4]
and 3 . Genotype 2 is generally uncommon in Iran,
therefore, the genotypic pattern differs from the United
States, Europe, and Asia but is similar to Pakistan and
[226,229]
India, where genotype 2 is very rare
. Genotype
4 is uncommon in Iran and only seen in special patient
[226]
groups
. A similar pattern regarding genotype 4 is
seen in Europe, the United States, and India. However,
due to changes in immigration patterns, the prevalence
of genotype 4 is increasing in western countries in
[4,229,230]
recent years (Table 9)
. Overall, the worldwide
distribution of HCV genotypes shows that the genotypes
1, 2, and 3 have a global prevalence, while genotypes 4,
[4,226,229,231]
5, and 6 have a restricted prevalence
.
Different HCV genotypes may be associated with
particular patient groups. Therefore, the genotypic
patterns can be used to trace the routes of trans
[4]
mission . Genotype 1 is more prevalent among
thalassemia, hemophilia, hemodialysis, and solid organ
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Yazd

Mashhad

Tehran

Golestan

General population

General population

General population

General population

10800

Fars
Tehran
Mazandaran
Markazi

Fars

Haemodialysis

Tehran

IDUs

IDUs
IDUs
Haemodialysis
Haemodialysis

Mazandaran

Markazi

IDUs

Haemophilia

Thalassemia
Haemophilia
Haemophilia
Haemophilia

Mazandaran
and Guilan
Fars
Mazandaran
Fars
Ahvaz

Zanjan

General population

Thalassemia

Isfahan

General population

Ahvaz
Mazandaran

Iran

General population

General population
Thalassemia

Iran

Ahvaz
Tehran

Blood donors
Blood donors

General population

City or
province

Study group

South

South
North-Center
North
West-Center

North-Center

North

West-Center

South
North
South
South-West

North

South-West
North

North

North-Center

North-East

Center

West

Center

Iran

Iran

South-West
North-Center

Location

2009-2012

2009-2012
2008-2009
2009-2011
2005

2008-2009

2009-2011

2004

2009-2012
2009-2011
2009-2012
2008-2009

2010

2009
2009-2011

2010

2007

2009-2010

2010-2013

2007-2013

2007-2009

2004-2007

2000-2005

2007-2008
2006-2008

Year of study

6

550
83
31
8

36

37

22

38
33
8
42

28

80
34

77

2231

382

191

ND

97

206

116

45
103

Sample
size
1a: 24 (53.3)
1a: 53 (51.5)
1b: 4 (3.9)
1a: 71 (61.2)
1b: 16 (13.8)
1a: 53 (25.73)
1b: 36 (17.47)
1a: 29 (29.5)
1b: 5 (5.1)
1a: 22.05%
1b: 25.73%
1a: 74 (38.7)
1b: 13 (6.8)
1a: 147 (39.2)
1b: 41(10.9)
1a: 886 (39.7)
1b: 271 (12.1)
1a: 15 (19.5)
1b: 15(19.5)
1a: 43 (53.8)
1a: 13 (38.24)
1b: 1 (2.94)
1a: 9 (32.1)
1b: 1 (3.6)
1: 17 (44.7)
1a: 7 (21.21)
1: 5 (62.5)
1a: 26 (61.9)
1b: 11 (26.1)
1: 6 (27.3)
1a: 3 (13.6)
1b: 2 (9.1)
1a: 11 (29.73)
1b: 10 (27.03)
1a: 9 (25)
1b: 6 (16.7)
1: 283 (51.5)
1a: 35 (42)
1a: 6 (19.36)
1a: 4 (50)
1b: 1 (12.5)
1: 4 (66.7)

Genotype 1

2: 1 (4.54)

2a: 2 (2.6)

2a: 9 (2.4)

2: 3 (1.6)

2: 5.14%

2: 2 (2.0)

2: 4 (1.95)

Genotype 2

3: 192 (34.9)
3a: 48 (58.0)
3a: 24 (77.42)
3a: 1 (12.5)

3a: 21 (58.3 )

3a: 5 (13.51)

3a: 4 (18.2)

3: 6 (15.8)
3a: 25 (75.76)
3: 1 (12.5)
3a: 5 (11.9)

3a: 18 (64.3)

3a: 12 (15.6)
3b: 19 (24.7)
3a: 37 (46.2)
3a: 15 (44.12)

3a: 613 (27.5)

3a: 150 (40.0)

3: 96 (50.3)

3a: 38.26%

3a: 59 (61.2)

3a: 96 (46.60)

3a: 29 (25.0)

3a: 21 (46.7)
3a: 39 (37.9)

Genotype 3

Table 8 Distribution of hepatitis C virus genotypes among hepatitis C virus -infected patients in Iran n (%)

4: 1(16.7)

4: 2 (25)

4: 6 (7.8)

5: 13(3.4)

4: 4.41%

Genotypes 4
and 5

1 (3.22)

8 (12.2)

11 (29.73)

6 (27.3)

4 (11.76)

8 (6.5)

33 (1.6)

5 (2.6)

2 (2.0)

11 (5.34)

Mixed
genotype

1 (16.7)

67 (12.2)

15 (39.5)
1 (3.03)
2 (25.0)

1 (2.94)

401 (18.0)

4.41%

6 (2.91)

7 (6.8)

Non typable

Esmaeilzadeh

Ghane

Rafiei

Real-time PCR

Jamalidoust

Type-specific
Ranjbar Kermani
primers
Real-time PCR
Jamalidoust
Sequencing
Samimi-Rad
Type-specific primer
Rafiei
LiPA
Samimi-Rad

Type-specific primer

Real-time PCR
Jamalidoust
Type-specific primer
Rafiei
Real-time PCR
Jamalidoust
Genotype specific Assarehzadegan
primers
LiPA
Samimi-Rad

RFLP

[236]

[235]

[233]
[234]

Ref.

[231]

[231]
[247]
[244]
[102]

[246]

[244]

[128]

[231]
[244]
[231]
[131]

[245]

[243]
[244]

[242]

[241]

[240]

[239]

[238]

Zarkesh-Esfahani [237]

Hajia

Amini

Farshadpour
Sharifi

Author

PCR based
Hadinedoushan
genotyping kit
Genotype specific
Vossughinia
primers
Genotype specific
Keyvani
primers
Genotype specific
Moradi
primers
RFLP
Hamidi-Fard
Type-specific primer
Rafiei

PCR based
genotyping kit
LiPA

PCR kit

RFLP
Type-speciﬁc
primers
RFLP

Method
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North-Center

Shiraz

Tehran

HIV/HCV coinfection
Occult HCV infected
patients
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North-Center

2007-2010

2004-2005

2004

2008

2006

7

50

66

32

55

1a: 19 (28.8)
1b: 12 (18.2)
1a: 20 (40)
1b: 13 (26)
1a: 2 (29)
1b: 3 (43)

1a: 42 (76.4)
1b: 3 (5.5)
1a: 19 (59.4)

3a: 2 (29.0)

3a: 20 (30.3)
3b: 2 (3.0)
3a: 17 (34.0)

3a: 13 (40.6)

3a: 3 (5.5)

4:11(16.7)

2 (3.0)

1 (1.8)

4 (10.9)

[226]

RFLP

RFLP

Genotype-specific
primers
RFLP

Type-specific primer

Bokharaei-Salim

HosseiniMoghaddam
Davarpanah

Joukar

somi

[251]

[250]

[249]

[101]

[248]
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Occult HCV infection is described by the absence of detectable HCV-RNA and anti-HCV antibodies in serum or plasma with elevated liver enzymes or by the presence of
[252-254]
anti-HCV antibodies but undetectable levels of HCV-RNA in serum or plasma with normal levels of liver enzymes
. In both cases, HCV-RNA is detectable in 100%
[255]
of liver biopsy, up to 70% of peripheral blood mononuclear cells (PBMCs) specimens, and in nearly 60% of ultracentrifugated serum samples of infected patients .
Occult HCV can persist and replicate in hepatocytes and lymphoid cells for a long time even after an apparently spontaneous eradication or therapy-induced resolution
[256]
of HCV infection . In this condition, low copy numbers of HCV RNA are present in serum while it cannot be detected by conventional RT-PCR assays but remains
[253,254]
potentially infectious
.
[253]
Distribution of occult HCV infection has been reported all around the world, and it seems that all genotypes are involved in this infection . A few studies are
[251]
available regarding the prevalence of occult HCV in Iran. Bokharaei-Salim et al
found occult HCV in 10% (7/69) of patients with cryptogenic liver disease in Iran,
[257]
while 43%, 29%, and 29% of these patients had genotypes 1b, 1a and 3a, respectively. Keyvani et al
described 8.9% occult HCV infection with genotypes 3a (50%)
[258]
and 1b (50%) in patients with cryptogenic cirrhosis in Iran. Farahani et al
found 1.9% occult HCV infection with genotype 1a in patients with lymphoproliferative
[259]
disorders in Iran. Makvandi et al
reported 32% occult HCV infection in patients with abnormal levels of alanine aminotransferase in Ahvaz city. Rezaee Zavareh et
[260]
[261]
al
reported the absence of HCV-RNA in PBMC samples of 53 patients with autoimmune hepatitis in Iran. Ramezani et al , reported the absence of occult HCV

OCCULT HCV INFECTION IN IRAN

recipient patients . Subtype 1b is prevalent in individuals with a history of hospitalization, surgery, blood transfusion, and alcohol consumption . Subtype 1a is frequently
[228]
[228]
found in infection by blood and blood products . High frequency of genotypes 3a and 1a are seen among IDUs in Iran , which is similar to the genotypic pattern among
[226]
[226,228]
IDUs in Europe and the United States . Genotype 4 is found in patients undergoing hemodialysis and piercing
. This might be due to communication by dialysis during
[4]
the Hajj ceremony in Saudi Arabia . The mixed infection with two or more genotypes is more common in patients with hemophilia and thalassemia and may lead to chronic
[2,4]
infection, more severe disease, re-infection, and poor response to therapy .
[4,6,232]
There has been a shift in the distribution pattern of HCV genotypes over time
. Genotype 1a is the most prevalent genotype in Iran, but in recent years, an
increase in the frequency of 3a and a decrease in 1a and 1b have been reported among HCV-infected patients in Iran. Genotype 1 with subtypes 1a and 1b are more
[4,228,232]
prevalent in older patients and genotype 3a in younger patients and IDUs
. Therefore, it seems that injection drug use has contributed to the majority of new
[4,232]
HCV infections in Iran
.
Distribution of HCV genotypes is variable in different groups and geographic regions of Iran. This genotypic variability reflects differences in the routes of
transmission, population and socioeconomic factors, and the presence of risk factors in the society. Thus, some genotypes are more frequent in certain regions or
[4,232]
[228]
groups of patients
. Studies on the molecular epidemiology of HCV in Iran are needed to reveal the current genotypic pattern of HCV infection in the country ,
[2,228-231]
which can predict the dose, duration, and type of treatment as well as clinical outcome of the infection
.

ND: Not defined.

[231]
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Haemodialysis

Haemodialysis
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the prevalence of occult HCV infection was higher than
the frequency of anti-HCV seropositivity in the general
[262]
population
. Therefore, the prevalence of HCV
[253,255]
infection may be underestimated in the society
,
and the risk of HCV transmission through blood
donation may be higher than predicted. Although
screening of blood reduces the risk of HCV transmission
by blood transfusion, transmission of occult HCV cannot
[253,255]
be prevented in this way
.
Currently, the prevalence of occult HCV infection
in the general population of Iran and even blood
donors is unknown. Therefore, further studies on the
prevalence and significance of occult HCV in different
cities are needed to identify the real burden of this
infection in the country and subsequently in healthy
subjects, especially among blood donors, to prevent
the most of unknown transmission of HCV.

[4,229,230]

Table 9 Global distribution of hepatitis C virus genotypes
Region/country
Latin America
Peru
Chile and Colombia
Brazil
Argentina
North America
United States
Canada
Central Europe
Albania
Bosnia and Herzegovina,
Czech Republic and Croatia
Hungary
Romania
Western Europe
Switzerland, Belgium,
Germany, Spain and France
Italy
United Kingdom and
Denmark
Eastern Europe
Russia, Latvia, Lithuania and
Estonia
Central Africa
South Africa
West Africa
Guinea-Bissau, Ghana and
Burkina Faso
East Africa
Ethiopia
North Africa
Tunisia, Morocco, Algeria
Middle East
Saudi Arabia, Bahrain,
Yemen, Kuwait, Qatar,
Iraq and Egypt
Jordan
Iran
Turkey
Asia Pacific
Japan and Korea
Asia, Central
Uzbekistan, Tajikistan,
Turkmenistan and Georgia
East Asia
China, Taiwan
South East Asia
Laos
Philippines
Thailand
Myanmar
Malaysia
South Asia
Pakistan and India
Australasia
Australia and New Zealand

Predominant
genotype/subtype

Uncommon
genotype/subtype

1a
1b
1b, 1a, 3
1b, 2, 1a

2
2, 1a
4, 2
4

1a, 1b, 2
1a, 3, 1b

4, 3
4

1b, 2, 4
1b, 3

1a, 3
4, 2, 1a

1b, 1a
1b

2, 4
3, 4

1b, 3, 1a

5, 2, 4

1b, 2
3, 1a

5, 3, 4
2

1b, 3

1a, 2

4
5

2
2

2

1

4, 2

1

1b, 2

4

4

1, 3, 2

1a, 1b, 4
1a, 3a, 1b
1b

4, 2
4, 2, 3, 1a

1b, 2

1a

1b

1a

1b, 2

1a, 3, 6

6
1a, 2
3
6
3

1
6, 4
2
2
4

3

1b, 2, 4

3, 1a, 1b

4, 2

CONCLUSION
HCV infects large proportion of the high-risk popu
lations in almost all regions of Iran and has a role
in occurrence of different immunological disorders
and even malignancies. The distribution patterns of
HCV infection are related to different status of public
health and the presence of risk factors in the society.
Available estimates emphasize that injecting drug use
is the most important risk factor for HCV infection in
Iran and due to the growth in the number of injecting
drug users, the prevalence of HCV infection is growing
in the country. In addition, it seems that injection drug
use has contributed to the occurrence of the majority
of new HCV infections in Iran. Even the recent changes
in the distribution pattern of HCV genotypes in Iranian
patients confirm this issue. In fact, the predominance
of risk factors for transmission of HCV has changed
over time, from blood transfusion to intravenous drug
use. The possible presence of occult HCV infection
among the apparently healthy general population
or blood donors proposes a real concern about
undetectable transmission of HCV. Therefore, it seems
that the prevalence of HCV infection will increase in
near future not only among high-risk groups but even
in the general population and blood donors of Iran.
However, by breaking the cycle of infection among
drug users, the rate of HCV infection will decrease.
To approach this goal, efforts to screen, prevent, and
treat HCV infection as well as reduce the high-risk
behaviors are required.

infection in 30 hemodialysis patients in Tehran.
Occult HCV infection has also been found in appa
[253,255]
rently healthy populations
. The possible presence
of occult HCV infection in the general population or
blood donors poses a real concern about undetectable
[255,262]
transmission of HCV
. In a recent study in Italy,
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Abstract
Hepatitis C virus (HCV) genotypes’ monitoring allows
real-time insight into the dynamic changes that occur
in the global epidemiological picture of HCV infection.
Intravenous drug use is currently the primary driver
for HCV transmission in developed and developing
countries. The distribution of HCV genotypes/subtypes
differs significantly between people who inject drugs
(PWID) and the general population. HCV genotypes that
previously exhibited a limited geographical distribution
(3a, 4) are becoming more prevalent in this high-risk
group. Immigration from HCV-endemic countries and
the evolving networks of HCV transmission in PWID
influence HCV genotypes distribution in Europe. Social
vulnerabilities (e.g. , unemployment, homelessness,
and limited access to social and healthcare insurances
systems) are important triggers for illicit drug use,
which increases the associated risks of HCV infection
and the frequent emergence of less prevalent
genotypes. Genotype/subtype determination bears
important clinical consequences in the progression of
liver disease, susceptibility to antiviral therapies and
the emergence of resistance-associated variants. An
estimated half of the chronically HCV-infected PWID
are unaware of their infection, and only one in ten of
those diagnosed enter treatment. Nevertheless, PWID
exhibit high response rates to new antiviral regimens,
and the level of HCV reinfection is unexpectedly low.
The focus of the healthcare system must be on the
early detection and treatment of infection, to avoid
late presentations that are associated with high levels
of viremia and liver fibrosis, which may diminish the
therapeutic success rate.
Key words: Hepatitis C; Hepatitis C virus genotypes;
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Core tip: Careful surveillance of circulating hepatitis
C virus (HCV) genotypes/subtypes is compulsory to
reconstruct the natural history of HCV epidemics and
viral transmission chains in high-risk populations, such
as people who inject drugs (PWIDs). Genotypes 1a and
3a predominate among PWID worldwide, but genotype
4 has been reported with increased frequency. This
review analyzes the factors that underlie the different
distributions of HCV genotypes in PWID relative to the
general population and highlights the need for early
diagnosis and care in this vulnerable group, which
responds well to new antiviral therapies and exhibits
unexpectedly low reinfection rates.
Ruta S, Cernescu C. Injecting drug use: A vector for the introduction
of new hepatitis C virus genotypes. World J Gastroenterol 2015;
21(38): 10811-10823 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10811.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10811

INTRODUCTION
Non-communicable diseases have replaced infectious
diseases as the most important causes of morbidity
in the general population in the last two decades.
Communicable diseases accounted for 24.9% of the
total 52.8 million deaths reported worldwide in 2010,
which is an important decrease relative to 1990,
when these diseases were responsible for 34.1% of
[1]
46.5 million deaths . Human immunodeficiency virus
(HIV)/acquired immunodeficiency syndrome (AIDS),
tuberculosis and chronic viral hepatitis are important
exceptions. There are significant regional variations
[2]
in this trend , which highlight the importance of
continuous epidemiological monitoring of all diseases
with public health relevance. Chronic hepatitis C is
a significant cause of liver-related morbidity and
mortality. There are more than 180 million persons
chronically infected with the hepatitis C virus (HCV)
worldwide who are at risk of developing liver cirrhosis,
end-stage liver disease and hepatocellular carcinoma.
An additional 3-4 million persons are newly infected
[3]
each year . It is estimated that 57% and 78% of
patients with active viral replication will develop
cirrhosis and hepatocellular carcinoma, respectively,
within two or three decades in the absence of antiviral
[4]
treatment, with 500000 deaths reported annually . A
large community-based Australian study demonstrated
that people with hepatitis C exhibited a significantly
increased risk of liver-related deaths compared with
[5]
the general population .
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HCV belongs to the Flaviviridae family, Hepacivirus
genus. Humans are the only reservoir for HCV, but
experimental infection in chimpanzees is possible. New
members of the Hepacivirus and the related Pegivirus
genera (pathogens for dogs and horses) have been
recently discovered in rodents and bats, which serve
[6,7]
as models for HCV biological studies . HCV is an
enveloped, positive single-stranded RNA virus, and its
genome encodes three structural (core and envelope
E1 and E2) and seven non-structural (NS) genes.
Three NS genes are essential for the viral replicative
cycle, and these genes are targets for direct-acting
[8]
antivirals (DAA) : (1) NS3-4A protease, which is
involved in post-translational viral protein processing;
(2) NS5B viral polymerase, which directs nucleic
acid replication; and (3) NS5A, which encodes a
phosphoprotein that participates in genome replication
and the assembly of progeny virions.
The error-prone nature of the HCV NS5B poly
merase and the accumulation of mutations in a small
hypervariable region in the envelope-encoding genes
generate a high level of variability. This variability is
translated in the existence of 7 major HCV genotypes
(with 30%-35% variation at the nucleotide level);
67 subtypes (with less than 15% difference at the
nucleotides level), each composed by a myriad of viral
quasispecies; and 9 recombinant forms (e.g., the most
frequently reported, G2k/1b, which is represented
[9,10]
by multiple isolates)
. Each genotype exhibits a
different degree of variability: 7 subtypes in G1; 11
subtypes in G2; 6 subtypes in G3; 17 subtypes in
G4; 24 subtypes in G6; and only 1 subtype in G5
and 7. There are multiple consequences related to
this enormous viral heterogeneity: (1) reinfections
with a different genotype are possible because of the
very limited cross-antigenicity; (2) the emergence
of immune-escape mutants, which accounts for the
high rate of chronic infections; (3) the therapeutic
response is genotype- and subtype-specific; and (4)
the selection of viral-resistant strains contribute to the
need for combination therapies.
The most important method of HCV spreading
is parenteral transmission via intravenous drug use,
unsafe medical procedures, including breaches in
injection safety and infection prevention practices in
hospitals, and the administration of unscreened blood
[11,12]
products
. Approximately 80% of all HCV cases
are concentrated in low- and middle-income countries
in the Middle East, North Africa, South and East Asia
(Table 1). The prevalence of HCV in North America is
generally low (< 1.5%), with an increase to 5.4%-20%
[13]
in military veterans . The estimated mean prevalence
of HCV infection is 1.03% in Europe, but large
geographical variations are registered, from less than
0.2% in the Northern countries to approximately
1% in the Western countries. The highest rates are
reported in Romania (3.3%) and rural areas in Greece
[14,15]
and Italy
. The most affected age group is 25-34
years, the notification rates are 22.3 in men vs 13.3
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Table 1 The burden of hepatitis C virus infection in the WHO regions and the proportion of people who inject drugs
WHO regions
Africa
Latin America
North America
Europe
Asia

Population
1
(millions)

Estimated HCV
2
seroprevalence (%)

Estimated prevalence of viremic
3
persons (%)

Proportion of PWID lowest-highest
4
estimates

1396
572
355
751
3985

1.0-5.3
0.9-1.3
1.3
0.9-3.3
1.1-5.4

0.6-4.1
0.6-1.0
0.8-1.0
0.6-2.3
0.7-2.3

55-97
69-96
36-69
50-53

Data sources: 1World health statistics, 2014 (available from: www.who.int/world_health_statistics); 2Mohd Hanafiah K, 2013[3]; 3Gower E, 2014[10] and Global
Health Observatory Data Repository (http://apps.who.int/gho/data); 4World Drug report 2014[12]. PWID: Proportion of people who inject drugs; HCV:
Hepatitis C virus.

in women per 100000 population. However, the maleto-female ratio varies considerably between countries
and ranges from 0.6 in Romania to 17.7 in the
[15,16]
Netherlands
.
The seroprevalence data must be interpreted
cautiously, because the methodology for HCV
screening is not uniform across different regions.
National estimates in Europe sometimes derive from
targeted studies in specific regions of a single country,
[17]
in non-clinical settings, or in selected populations .
A targeted screening strategy involves the testing of
persons who are at risk for acquiring HCV infection
(e.g., drug users, HIV-infected subjects, inmates,
migrants from endemic countries, etc.) or persons
with clinical signs or biochemical modifications that are
suggestive of liver disease. The Center for Diseases
Control (CDC) in the United States recommended
HCV birth-cohort screening for persons born from
[18,19]
1945 to 1965
. A strategy aimed at reducing
the discrepancies in reporting and promoting early
HCV diagnosis and access to treatment is needed in
Europe. Persons who exhibit positive HCV antibody
results must be tested for active viral replication to
confirm the diagnosis and assess the need for HCV
[20-22]
therapy
.

INTRAVENOUS DRUG USE THE PRIMARY DRIVER OF HCV
TRANSMISSION
People who inject drugs (PWID) account for 0.2%-0.5%
of the world’s population, but represent approximately
[12,23]
6.8% of persons infected with HCV
. The global
seroprevalence of HCV infection in PWID is approxi
mately 51%, which means that at least 7.2 million
[12]
PWID are living with HCV .
It is estimated that 1980000 years of life were lost
because of drug dependence in 2010, and 494000
years of life were lost because of HCV infection
[23]
associated with unsafe intravenous drug use (IDU) .
China, Russia, the United States and Brazil are
[24]
home to the largest drug-injecting populations , with
an estimated 1.3-1.6 million PWID infected with HCV
[25]
per country . High HCV seroprevalence rates that
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reach 80% are also reported in PWID from Mexico,
[24,25]
Pakistan and Thailand
. Almost half of the 590000
people aged 18-29 years who reported intravenous
[26,27]
drug use in the US are HCV infected
, and the
seroprevalence rates reach 98.7% in people who have
[28,29]
used drugs for more than 30 years
.
IDU is the most commonly reported HCV trans
mission route in Europe, and it represents the main
risk factor for acute (33.3%) and chronic hepatitis
[14,30]
C cases (83.7%)
. IDU is becoming prevalent in
Northern and Southern European countries, where it is
replacing the iatrogenic transmission that was recorded
[31,32]
for decades
. Almost all European countries exhibit
high HCV seroprevalence rates in PWID, with only
the Czech Republic, Hungary and Slovenia reporting
[33]
levels under 30% . Table 2 presents a more detailed
picture of the current levels of HCV infection in the
top ten most populated European countries that are
representative of this geographical region.
An alarming rising trend in HCV seroprevalence
in PWID was observed in several European countries
in 2005, including Austria, Bulgaria, Cyprus, Greece
and Romania. Very high levels in the incidence and
prevalence of drug-associated HCV infection were
also reported in 2013 in Latvia, Portugal, Turkey and
[33,34]
Cyprus
. In contrast, the figures for Germany,
France, the United Kingdom and Italy exhibited a
[31,33]
downward trend from previous years
, which
reflects good performances in case-finding and casescreening approaches.
An upsurge in the prevalence of HCV infection is
an epidemiological indicator of injection-related HIV
[35,36]
infection risk in PWID
. For example, high rates
of HCV infection in PWID preceded by several years
[37]
important HIV outbreaks in Greece and Romania . A
recent meta-analysis demonstrated that the incidence
of HCV infection in PWID in the European Union (EU)
was as high as 66/100 person-years, and half of
the chronically infected PWID were unaware of their
[34]
infection status .
Significant risk factors for drug-associated infectious
diseases have been identified in many European
[33,38-42]
countries
: (1) a switch to drugs that allow a
higher injection frequency, such as new psychotropic
substances; (2) decreases in needle and syringe
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Table 2 Hepatitis C virus infection prevalence in the general population and in people who inject drugs in the most populated
European countries
Country

Population
1
(millions)

Injecting drug use
2
(rate/1000 inhabitants)

HCV prevalence in the general
3
population

HCV prevalence in PWID

80.4
65.6
63.7
59.5
41.0
38.5
20.0
16.7
10.9
9.5

4.25-5.04
6.7-8.8
3.3
10
0.2
2.9
NA
0.2
1.1
4.9

0.7
0.85
0.6
3.0
1.5
1.5
2.1-2.4
0.2
> 1.5
0.5

51
73
47.9
61.0-64.8
73.3-85.9
44.3 72.4
82.4
50-86
60-73
83

Germany
France
United Kingdom
Italy
Spain
Poland
Romania
Netherlands
Greece
Sweden

Data sources: 1World health statistics 2014 (available from: www.who.int/world_health_statistics;
Cornberg M, 2011[16]. NA: Not available. PWID: People who inject drugs; HCV: Hepatitis C virus.

2,4

4

ECMDDA, 2013[33]; 3Mühlberger N, 2009[30] and

Table 3 The worldwide prevalence of hepatitis C virus
genotypes

Table 4 Hepatitis C virus genotypes prevalence in the
European regions

Area

European The most
regions
prevalent
genotype

North America

Europe

South-East
Asia

The most
prevalent
genotype

Frequency
of other
genotypes

First author

G1 (80%)
1a- the most
common
G1 (60%)
1b- the most
common
G3 (65%)

G2 (11.1%)
G3 (7.4%)
G4 (1.2%)
G3 (20%);
G4 (18%)

Thomas et al[13], 2012

Middle East
and North Africa
Sub-Saharan and
Central Africa
South Africa

G4 (70%)

Asia Pacific and
Latin America

G1a

G4
G5

G1 (25%)
G1 prevails in
China, G6 also
reported
G1, G2, G6

Northern
Europe
Western
Europe

Messina et al[43], 2015

1b, 2, 4

1b

3a (France)

Southern
Europe

1b

4a (United
Kingdom, The
Netherlands,
Germany)
2a, 2b, 2c, 4

Eastern
Europe

1a

1b, 2, 3, 4

[13,43-51]

coverage (< 100 syringes per PWID per year,
which represents a low coverage level even for HIV
transmission) were reported in Romania, Greece,
Cyprus, Slovakia, Hungary, Belgium and Norway;
and (3) low levels (< 30%) of substitution treatment
coverage, reported in Cyprus, Latvia, Lithuania,
Hungary, Poland and Slovakia.
These data highlight the continuous potential for
HCV-HIV epidemics to spread throughout Europe
and jeopardize the efforts to decrease or stabilize the
seroprevalence of blood-borne infections.

THE DISTRIBUTION OF HCV GENOTYPES
IN THE GENERAL POPULATION
HCV genotypes and subtypes exhibit a distinct
geographical distribution, illustrated in Tables 3
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1a

Mao et al[44], 2014
Li et al[45], 2015

Ray et al[46], 2000
Ramia et al[47], 2012
G5 and G6,
Papastergiou et al[48],
G1a, 1b, 2a, 2b
2015
G1, 2, 3, 4
Gededzha et al[49],
2014
G 1b, 2a, 2b
Messina et al[43], 2015
Ohno et al[50], 1997
Villar et al[51], 2015

Other
genotypes

Comments

First author

G1a frequent Bruggmann et al[52],
among PWID
2014
G1b-common Messina et al[43],
in older age
2015
Payan et al[53], 2005
groups

G4 is
becoming
more
frequent
Non G1
genotypes
reported in
migrants

Gower et al[10], 2014
Cifuentes et al[54],
2015
Cornberg et al[16],
2011
Messina et al[43],
2015

[10,16,43,52-54]

(worldwide
) and 4 (European Regions
).
HCV genotype 1 is the most prevalent genotype
worldwide; subtype 1a prevails in Northern America,
Japan and Northern Europe, and subtype 1b is
[43,50]
dominant in Southern Europe and Japan
and
exhibits a high frequency in Northern Africa.
HCV genotype 2 is reported in North America,
[55]
Japan, Western Africa
and Europe (e.g., 2a/c has
[56]
been isolated in Northern Italy
and 2c has been
[57]
isolated in Southern Italy ). Genotype 2a and 1b
were identified as the major HCV genotypes circulating
[58]
in former blood donors from rural China .
HCV subtype 3a is endemic in South Eastern
Asia, but it is spreading in PWID in United States and
Europe, with Germany, France, Italy, and Portugal
reporting an increased prevalence of genotypes 1a and
[59-62]
3a
. Mixed infections have been reported in Italy
[10]
(1b/3a), Germany (2a/3b), and Sweden (1a/1b) .
HCV genotype 4 dominates in the Middle East
and Africa. Genotype 4 is responsible for 90% of the
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22% in 2012) in persons coinfected with HCV/HIV:
[82]
PWID and men having sex with men .
Table 5 presents the overall prevalence of HCV
genotypes in PWID in the most populated countries in
Europe.

Table 5 Hepatitis C virus genotypes prevalence among
people who inject drugs in the most populated European
1
countries
Country

G1

G2

G3

G4

G1 + G4

Germany
France
United Kingdom
Italy
Spain
Poland
Romania2
Netherlands
Greece2
Sweden

63
46
49
45
54
35
73
53
24
36

3.8
2.5
5.7
3.3
2.3
0.0
0.0
6.0
2.8
8.7

31
37
42
38
27
57
7
32
61
34

2.6
9.1
0.8
13.0
16.0
8.7
12.0
9.0
11.0
0.9

61
55
50
58
69
44
85
66
36
38

FACTORS INVOLVED IN THE DIFFERENT
PREVALENCE OF HCV GENOTYPES IN
PWID
HCV genotype monitoring allows a real-time insight
into the dynamic changes that occur in the global
epidemiological picture of HCV infection.

1

Data are adapted from Wiessing et al[34], 2014, with figures for 2Greece and
Romania, corrected according to more recent estimates, after the recent
human immunodeficiency virus/hepatitis C virus outbreaks in people
who inject drugs.

[63]

nosocomially transmitted HCV infections in Egypt
(the country with the highest rate of HCV infections
worldwide - 15% of the population, associated with
parenteral treatments for schistosomiasis) and most
infections in the Democratic Republic of Congo,
Central African Republic, Liberia, Uganda, Rwanda and
[64,65]
Gabon
. Infections with genotype 4 are reported
with increasing frequency in PWID in Europe.
HCV genotypes 5, 6 and 7 are rather limited in
their distribution. The highest prevalence of genotypes
[49]
[67]
5 and 6 is reported in South Africa
and Asia ,
respectively, and genotype 7 was isolated from an
[68]
emigrant from Congo . A cluster of genotype 5a
infections was also recently reported in the Rhodes
[69]
island of Greece .

HCV GENOTYPES CIRCULATING IN PWID
A careful surveillance of circulating genotypes and
subtypes is compulsory to reconstruct the natural
history of HCV epidemics and viral transmission chains
in this high-risk population. Genotypes 1a and 3a
predominate in PWID worldwide. Russia and Estonia
reported high rates of genotype 3a, especially in
[70,71]
young drug users
. Genotype 3a is also increasing
in frequency in Eastern and Central European
[72]
countries, with growing rates in Bulgaria , Serbia
[73]
[74]
[75]
and Montenegro , Poland
and Romania . PWID
in England are more likely to harbor genotype 3a
relative to other risk groups, in which genotype 1a is
[76]
prevalent .
An increasing proportion of new infections with
genotype 4, which predominates in the Middle East
and Africa, was identified primarily in Southern
European countries, with distinct subtypes prevailing
[77]
in different geographic regions: 4a in Greece , 4d
[78,79]
[80]
in Italy
, 4c and 4d in Spain , and a local spread
[81]
of subtype 4d in the Netherlands . France reported
increased rates of genotype 4 (from 15% in 2003 to
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Social vulnerabilities

The spreading of HCV genotypes/subtypes differs
significantly between and within countries, between
urban and rural settings, and according to the burden
of risk-groups and economic status. There is a direct
correlation between the gross national income per
[83]
capita (GNI) and the so-called hepatitis index , which
represents a comprehensive assessment of public
health performances in the handling and treatment
of HCV infections (Figure 1). Five main elements
compose the hepatitis index: prevention (public
awareness), case identification (screening programs),
access to treatment (funding and waiting time),
treatment outcomes (sustained virological response
and adherence to treatment) and the national health
[83]
strategy . Figure 1 demonstrates that Germany,
France and the United Kingdom are the top three
performers, whereas the Baltic States, Hungary and
Romania exhibit the lowest scores. A national plan for
viral hepatitis has been implemented in France, and
similar initiatives are ongoing in Scotland, Germany,
Bulgaria and Croatia.

Case studies: Recent HCV/HIV outbreaks in PWID in
Greece and Romania

The impact of the economic crisis on HCV seropre
valence and the distribution of circulating genotypes
was recently illustrated by HCV/HIV outbreaks
that evolved in PWID in the capital cities of Greece
(Athens) and Romania (Bucharest) between 2011
[84-86]
and 2013
. The gross domestic product per
capita in Romania (a country with 20.02 millions
inhabitants) and Greece (a country with 11.06 millions
inhabitants) is lower than the European Union (EU-27)
average (representing only 50 and 75 Purchasing
[87]
Power Standards, respectively) . Greece has higher
unemployment rates than the EU average: 27.3% vs
10.8% of the total labor force, and 58.3% vs 23.4%
in persons under 25 years of age. Romania reports a
slightly higher unemployment rate in young persons
(23.6% in persons aged under 25 years), but a
[87]
moderate rate of 7.3% in the total labor force . Both
countries exhibit higher percentages of people who
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Corelation between GNI per capita and hepatitis index
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Figure 1 Correlation between the gross national income and the hepatitis index in the top 10 most populated European countries. The gross national
income per capita (GNI) directly correlates with the public health performances in the handling and treatment of hepatitis C virus infections (evaluated using the
hepatitis index), as calculated by the Euro Hepatitis Report (2012) elaborated by Health Consumer Powerhouse[83].

are at risk of poverty: 22.6% in Romania and 23.1%
[33]
in Greece relative to the EU average of 17% . The
HIV/HCV outbreaks in both countries were associated
with financial restrictions in harm-reduction programs,
and the persons affected were primarily young males
who are unemployed, frequently homeless, and without
[86,88]
medical insurances
. These social vulnerabilities are
important triggers for illicit drug use, which increases
the associated risk of drug-related infectious diseases
and the emergence of different genotypes than the
genotypes circulating in the general population. HCV
[89]
[90]
genotype 1b
and HIV subtype F
predominate
in Romania, but the introduction of new viral strains
was documented during a recent outbreak in PWID:
HCV subtypes 1a, 3a, 4 (Ruta S, unpublished data)
and HIV subtype G, with the particular recombinant
[90]
[91]
form CRF14_BG . HCV genotype 3
and HIV
[92]
CRF14_BG and CRF_35AD
prevail in PWID in
Greece. Assessments of the evolution of HCV infection
in older patients (infected with genotype 1, primarily
through nosocomial procedures) vs younger patients
(infected with newly introduced genotypes, primarily
through IDU) will be interesting. Younger patients
are candidates for shorter durations of therapy, with
important implications for treatment-related costs and
patient quality of life.
Immigration from HCV endemic countries and
the evolving networks of HCV transmission in PWID
influence the genotype distribution. European countries
with the highest number of migrants (Germany:
12.3%, Italy, Spain, Netherlands: each 10%-12%,
[93]
and France: 10%)
exhibit a high prevalence of HCV
infection and increased frequencies of less common
genotypes. One recent study demonstrated that more
than one third of the patients with chronic hepatitis C
[13]
from Germany were born abroad , and an increased
prevalence of HCV infection was reported in migrants
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[94]

in Italy . Many cases of HCV infection in PWID from
[95]
Cyprus are diagnosed in foreign nationals . The
increasing prevalence of non-1b genotypes in France,
Spain, Italy and Greece was primarily attributed
to a large flow of immigrants, but some limited
molecular epidemiology studies argue against this
[96,97]
hypothesis
.
Phylogenetic analyses recently identified HCV tran
smission clusters associated with injection relationships
[98]
[99]
in Melbourne, Australia and Vancouver, Canada .

WHAT ARE THE CONSEQUENCES
OF THE DISTINCT PREVALENCE
OF HCV GENOTYPES IN HIGH-RISK
POPULATIONS?
HCV variability triggers important clinical consequences.
The emergence of immune response escape mutants
accounts for the high level of chronic infection, and
the infecting genotype is critical for the natural and
on-treatment evolution of the infection. These data
are especially significant for PWID, who are frequently
infected with genotypes 1a, 3 and 4 that tend to
exhibit less favorable responses to therapies, as
discussed below.

Interferon-based therapy

HCV genotype was one of the primary predictors of
the response rate to the classic pegylated interferonribavirin (P/R) therapy, which is the only affordable
therapy in developing countries. HCV subtype 1b
exhibits the most unfavorable response profile, and
genotypes 2 and 3 are “easy-to-treat” and exhibit a
sustained virological response (SVR) in up to 80%
[100]
of treated patients
. The reported SVR rates for
genotype 4 are 60%-69% in Egypt and 40%-50%
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[64]

in countries outside endemic areas . Genotype 3,
initially correlated with a very high response rate to
the classic P/R treatment, is associated with a higher
rate of liver fibrosis and steatosis (unlinked to insulin
resistance) and a more rapidly progressive end[101]
stage liver disease
. Subsequently, many genotype
3-infected patients, including PWID, exhibit cirrhosis
at the initiation of P/R treatment, and the overall
response rate has been disappointing.

Direct-acting antiviral-based regimens

Treatment regimens for chronic hepatitis C and the
inclusion criteria have largely changed in the last 4
years with the approval of new DAAs. However, the
[102]
HCV genotype matters for therapeutic responses
.
Novel treatments for HCV are highly cost-effective
for HCV genotype 1. The current World Health
[103]
Organization
, American Association for the Study
[104]
of Liver
and European Association for the Study of
[105]
Liver
guidelines for HCV treatment are genotypedependent, with several available options for each
genotype, including IFN-free regimens, considered the
most suitable ones in genotype 2-infected patients,
and recommended for genotypes 1, 3 and 4. However,
the triple combination of pegylated IFN-α, ribavirin and
sofosbuvir (a NS5B inhibitor) administered for 12 wk
is still favored in terms of efficacy, for patients infected
with HCV genotypes 1, 3, 4, 5 and 6, as well as for
those infected with genotype 2 that are cirrhotic and/or
[105,106]
treatment-experienced
. This regimen also avoids
resistance selection in cases of treatment failure. A
combination of sofosbuvir and ledipasvir (an NS5A
inhibitor), administered as a single pill, is currently
recommended by the AASL as a first-line agent for
[104,107]
patients without cirrhosis
. The new DAAs are
less effective for patients infected with genotype 3
who have advanced liver disease, which is frequently
observed in PWID. Phase Ⅲ clinical studies of
sofosbuvir and ribavirin revealed a sustained virological
response in only 60% of patients with genotype 3 and
cirrhosis who had previously failed P/R treatment,
[108,109]
even in the case of a longer therapy duration
.
Even the newly approved NS5A inhibitors, including
ledipasvir, are less active against HCV genotype 3 than
[110-112]
against other genotypes
. Therefore, genotype 3,
which is prevalent in PWID, is currently considered one
of the “difficult to treat” genotypes. Few studies have
addressed the efficacy of the new oral regimens in
[48,113]
patients infected with HCV genotypes 4, 5, and 6
,
which are less prevalent in Europe and North America.

The impact of HCV genotype on the development of viral
resistance

Viral breakthrough during or after DAA treatment
(especially with the first generation protease inhibitors,
telaprevir and boceprevir) was associated with the
selection of resistance-associated variants, which
[114-116]
preexist as minority populations
. Differences
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in the genetic barrier to resistance exist between
subtypes; resistance mutations arise more quickly
[115,116]
in patients who are infected with genotype 1a
.
Moreover, a series of natural HCV polymorphisms that
are found with different frequencies according to the
[117]
HCV subtype, can influence treatment outcomes
.
A second generation protease inhibitor (Simeprevir)
exhibits reduced efficacy on subtype 1a strains because
of the high prevalence of a specific mutation (Q80K)
[118,119]
at baseline
. The activity of an NS5 inhibitor,
which was recently approved for the treatment of HCV
infection (Daclatasvir), is inhibited in the presence
of a natural polymorphism (Q30R), which is found in
[117,120]
more than 50% of genotype 4 strains
. Notably,
resistant HCV variants are not archived (because HCV,
unlike HIV or HBV, does not establish reservoirs), and
reversion to the wild-type strain is observed 10-29
[121]
mo after treatment interruption
(faster for subtype
[114]
1b compared with 1a ). These differences are likely
important for the treatment of PWID.

Toward a patient-tailored therapy for chronic hepatitis C
in PWID

Important barriers to care and treatment are present
[122]
in vulnerable populations, such as PWID
, and it is
estimated that only one in ten diagnosed patients enter
treatment for hepatitis C. Delays in diagnosis lead to
late presentations, with associated high viral loads
and significant fibrosis, that represent unfavorable
predictors for treatment efficacy. Decisions to treat
are taken on a case-by-case basis, and treatments
are accompanied by active counseling to decrease or
cease drug and alcohol intake and the promotion of
comprehensive harm-reduction programs, including in
[123-125]
prisons
.
The same therapeutic regimens based on DAAs
are recommended for PWID, and a history of drug use
or recent drug use is not associated with a reduced
[105]
response rate . The perceived risk of reinfection is not
a reason for treatment denial, but instead a possibility
that must be actively monitored after the achievement
of SVR. The estimated rate of reinfection in PWID with
persistent risk behaviors following successful HCV
[126-128]
treatment is approximately 1%-5%
.
However, the prohibitive costs of highly efficient
therapeutic DAA options have prevented their use
outside countries with high incomes. The NS5B
polymerase inhibitor Sofosbuvir costs $1000 per day,
the combination of sofosbuvir with ledipasvir costs
$1125 per day, and a short 12-wk IFN-free regimen
[129]
can reach a price of $150000 per patient . Therefore,
many countries that have high seroprevalence rates of
HCV infection in the general population and vulnerable
risk groups, continue to rely on the classic dual P/R
therapy or triple therapy that combines P/R with firstgeneration protease inhibitors.
Changes in circulating genotypes suggest the
necessity of different clinical approaches, including the
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choice of the most suitable and cost-effective antiviral
combination therapy for patients who are “difficult to
[130]
reach, manage and treat”
. Therefore, the deferral
of a P/R-based treatment that has several challenges
(e.g., administration, monitoring and management
of related side-effects), may be an option for patients
[131]
with an early fibrosis stage , while waiting for highly
effective, pangenotypic-active combinations to become
available at more reasonable prices in the foreseeable
future. Other factors will likely influence the final
decision, including: the cost-effectiveness of the IFNfree regimens (treatment duration plotted against
the SVR rate), the adherence to treatment and the
cumulative toxicities (which are important factors in
PWID, especially in HIV-coinfected patients), and the
[131-134]
extent of clinically relevant viral resistance
.

CONCLUSION
Many PWID who are infected with HCV remain
undiagnosed. The distribution of circulating genotypes
in this vulnerable group is distinct from the general
population. Transmission networks associated with
drug use, increased global travel and immigration are
the primary factors behind this different epidemiological
picture. PWID are critical epidemiological connectors to
the general populations and drug use is a key vector
for the diversification of circulating viral genotypes.
The determination of circulating HCV genotypes in
high-risk groups, such as PWID, who frequently have
additional risk factors (poverty, imprisonment, and
HIV coinfections) will provide a further understanding
of the global viral epidemiology. HCV genetic diversity
has a major impact on viral persistence, evolution to
cirrhosis and hepatocellular carcinoma and potential
resistance to antiviral agents. Therefore, knowledge of
HCV genotypes will likely remain an essential factor for
the correct design of national health programs, even
with the introduction of new antivirals.
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Abstract
As surgical techniques continue to move towards
less invasive techniques, single incision laparoscopic

WJG|www.wjgnet.com

surgery (SILS), a hybrid between traditional multiport
laparoscopy and natural orifice transluminal endoscopic
surgery, was introduced to further the enhanced
outcomes of multiport laparoscopy. The safety and
feasibility of SILS for both benign and malignant
colorectal disease has been proven. SILS provides the
potential for improved cosmesis, postoperative pain,
recovery time, and quality of life at the drawback of
higher technical skill required. In this article, we review
the history, describe the available technology and
techniques, and evaluate the benefits and limitations of
SILS for colorectal surgery in the published literature.
Key words: Laparoscopic colectomy; Minimally invasive
colorectal surgery; Single-incision laparoscopic surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As surgical techniques continue to move
towards less invasive techniques, single incision
laparoscopic surgery (SILS) is a valuable platform with
distinct advantages and comparable or better outcomes
than other minimally invasive platforms. The safety
and feasibility of SILS for both benign and malignant
colorectal disease has been proven, and this review
of the history, current state, available technology,
limitations to widespread use, and their solutions will
be a valuable addition to the published literature. It will
draw attention to the benefits and potentially increase
use of the platform and minimally invasive surgery as a
whole.
Madhoun N, Keller DS, Haas EM. Review of single incision
laparoscopic surgery in colorectal surgery. World J Gastroenterol
2015; 21(38): 10824-10829 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i38/10824.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i38.10824
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INTRODUCTION
Since the first laparoscopic colectomy was described
in 1991, minimally invasive colorectal surgery has
[1]
continued to grow . The expanding use of laparoscopy
has been the greatest technical and clinical advance
in the field of colorectal surgery. Laparoscopic
colorectal surgery has been proven to improve patient
outcomes, including faster return of gastrointestinal
function, less postoperative pain, shorter length
of stay, lower complication and readmission rates,
and lower total healthcare utilization compared to
[1-14]
open surgery
. Despite proven benefits, use of
laparoscopy is estimated at only 50% of all colorectal
procedures, 20% of colon cancer, and 10% of rectal
[15,16]
cancer procedures in the United States
. Thus,
there is room to increase utilization and the benefits. In
addition, there is the continued drive towards reduced
port and “scarless” surgery, and great efforts have been
made to minimize surgical trauma, improving cosmesis
and surgery-related pain and morbidity. Techniques,
such as natural orifice transluminal endoscopic surgery
(NOTES) and single-incision laparoscopy surgery
(SILS) have been developed to reach the goals. NOTES
is still in the experimental stages, but SILS is ready
for incorporation into routine practice and currently
regarded as the next major advance in the progression
of minimally invasive surgical approaches feasible in
[17,18]
generalized use
.

SINGLE INCISION LAPAROSCOPIC
SURGERY
SILS was developed to further the outcomes of
multiport laparoscopy. The SILS technique was first
reported for colorectal surgery in 2008, when both
[19]
[20]
Remzi et al
and Bucher et al
reported use for
right colectomy. Since that time, multiple studies
have proven SILS is safe and feasible for the full array
of benign and malignant colorectal disease, and its
[21-35]
applications continue to grow
. SILS is currently
regarded as the next major advance in the progression
of minimally invasive surgical approaches to colorectal
[17]
disease suitable for generalized use (Figure 1).

TECHNICAL NOTES
Most SILS procedures enter the peritoneum at the
umbilicus, creating a “hidden” incision and allowing the
fascial incision to be lengthened without extending the
[36]
overlying skin incision . If a stoma is planned, the
ostomy site may be used for access, allowing “scarless”
[23,37,38]
surgery
.
For access, there are several commercially produced
SILS ports, as well as a homemade glove port. The most
common ports are the SILS™ Port (Covidien, Mansfield,
®
Massachusetts, United States), the GelPOINT
platform (Applied Medical, Rancho Santa Margarita,
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CA, United States), and the TriPort or QuadPort
(Olympus Medical, Center Valley, PA, United States).
All devices have three or more working channels in the
single port to introduce the laparoscopic instruments
and a camera into the operative field through a
solitary incision. The single incision helps reduce fascial
defects, abdominal wall trauma, and their associated
[39-41]
postoperative pain and hernia risk
. Each port is
introduced through a 2-4 cm skin and fascial incision,
and has costs and benefits. The SILS™ Port (Covidien,
Mansfield, MA, United States) is pliable elastomeric
foam that creates a seal with the skin to maintain
pneumoperitoneum, offers enhanced mobility, and
allows the surgeon to interchange 5-mm and 12-mm
TM
ports. However, the SILS port is limited to 3 trocars
and has no wound protector for specimen extraction.
®
The GelPOINT uses a wound protector sleeve inserted
®
into the peritoneum and GelSeal cap that trocars are
inserted into per surgeon preference. The port offers
a low internal profile, which may help accommodate
various abdominal wall sizes, and the sleeve offers
protection during specimen extraction from tumor
[42,43]
seeding and superficial wound infections
. The
®
GelPOINT has a larger profile on the abdominal
wall, and may lose pneumoperitoneum with extreme
torque. The TriPort and QuadPort channels have three
or four instrument channels, respectively, a similar to
®
the GelPOINT , and a lower external profile. However,
the assembly, insertion, and extracorporealization
are reported more difficult than other platforms. The
glove port uses a sterile, non-latex glove secured to a
small wound protector, with the glove’s fingers used
for instrument and camera access. This approach
is simple, inexpensive, and easily reproducible, but
there is a poor seal and lack of rigidity provided from
the finger ports compared to commercially available
[35,44-47]
devices
.
Standard laparoscopic tools are commonly used
with SILS, but straight, curved, and articulating
instruments are available. Straight instruments offer
rigidity, but when working in a parallel, fixed space,
there can be collisions between the working ports and
the camera. Curved instruments were introduced to
remedy collisions, but they cannot be passed through
conventional, straight trocars. Articulating instruments
were designed to overcome the lack of triangulation,
as they articulate at the tip, rotating 360° around the
instrument axis. However, there is a loss of rigidity
[48-50]
and tactile feedback with the flexible tools
. It
is generally agreed upon that straight laparoscopic
instruments are preferred and the curved or articulating
instruments are not required or commonly used in
practice.

OUTCOMES WITH SILS
In all clinical and quality metrics, SILS has comparable
[34,39]
outcomes to traditional laparoscopy
. Studies
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Figure 1 Single incision laparoscopic surgery animation.

Figure 2 Specimen removal through single incision platform.

have proven SILS is feasible and safe for benign and
[22,28-30,32,33]
malignant colorectal disease
. From early
reports, SILS had similar postoperative outcomes,
including complication, intraoperative conversion, and
[39]
readmission rates . Oncologic outcomes, including
the feasibility of R0 resection, specimen length,
number of lymph nodes harvested, and proximal
and distal margins were comparable to multiport
[51-54]
laparoscopy
. SILS has been shown safe and
[29]
feasible specifically in rectal resections . Initial studies
reported an increased operative time with SILS, but
failed to take into account the learning curve and need
[52,55]
for experience
. The operative time decreases with
accumulating experience, with a learning curve defined
[56]
between 30 to 36 cases .
SILS has distinct benefits over traditional
laparoscopic surgery. Using a single port with multiple
incorporated working channels, SILS has reduced
the number of incisions and tissue trauma required
for surgery, improved cosmesis, and lowered the
rate of port-site related complications and incisional
[39-41,57]
hernias
(Figure 2). Reduced perioperative pain
is another reported advantage of SILS over traditional
multiport laparoscopy, with the reduction in pain
translating to lower pain scores and opioid use from the
immediate post-operative period up to post-operative
[39,41]
day 2
. SILS has also shown a significantly shorter
length of stay (LOS); studies have demonstrated LOS
more than 1 d shorter for SILS compared to multiport
[28,39]
laparoscopy
. A recent meta-analysis reviewing
14 studies comparing SILS to traditional multiport
laparoscopy concluded SILS had lower blood loss,
decreased blood transfusion requirement, shorter time
[51]
to flatus, shorter hospital stay, and smaller incision .

technical challenges are further amplified in colorectal
procedures, where there is the need to work in more
[58,61]
than one quadrant
. First, there is the challenge
from the in-line orientation of the working trocars
through the single access port causes the visual axis
to become more in-line, with camera movement
resulting in inadvertent movement of the adjacent
[17,62]
instrument
. Working through a small single
incision with multiple parallel, instruments competing
for the same space at the fulcrum of the entry port
decreases the range of motion and external working
[28,58,63]
space, increasing instrument collisions
. These
collisions are experienced both intra-corporeally,
creating difficulty maintaining pneumoperitoneum, and
extra-corporeally, complicating the role of the assistant
[28]
holding the camera . This forces the surgeon
[17,62]
to operate with crossed hands to acclimate
.
The proximity of the trocars at a fixed position,
restricted freedom, and clashing of the instruments is
contradictory to the traditional teaching of triangulation
[64]
in laparoscopy . These problems in exposure and
“crowding” add to the difficulty in the SILS technique
and can result in restricted visualization, inadequate
dissection and mobilization, and the potential for
[55,65]
inadvertent injury
.
With increasing operator experience, these
ergonomic and technical challenges can be readily
overcome. Technical instruments and procedural
adaptations have been developed to help work through
these challenges. To improve surgeon efficiency and
decrease collisions, it has also been recommended to
keep the laparoscope away from the surgeon’s hands,
such as with a flexible-tipped or bariatric-length lapa
[24,28,66,67]
roscope
. Articulating or curved instruments
can be used to help recreate triangulation familiar with
[58]
multiport laparoscopy . For assistance in pelvic and
multi-quadrant cases, a SILS +1 technique has been
[65]
developed and validated . With SILS +1, the single
access device is introduced through a Pfannenstiel
incision and an additional 5-mm port is placed through
the umbilicus for the laparoscopic camera, allowing
access to more than one abdominal quadrant and
minimizing “sword fighting” between the surgeon

TECHNICAL CHALLENGES
The use of SILS introduced several new technical
challenges, which may limit widespread use of the
[58]
platform . The ergonomic and technical requirements
of SILS are distinct from those used in conventional
multiport laparoscopy, initially adding difficulty even
[59,60]
for experienced laparoscopic surgeons
. The
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[65]

and the camera holder . To become proficient at
SILS, one idea is to become proficient at reduced port
laparoscopy - using 3 ports; then the transition to SILS
will be more natural.

CURRENT STATE AND MOVING
FORWARD WITH SILS

3

4

5

Despite evidence supporting the use and proven
benefits, SILS has not been widely adopted. The main
reason cited is the ergonomic demands and additional
time, costs, and skills required, especially in early
[55,59,64,68]
cases
. Surgeon experience can overcome the
technical and ergonomic challenges, and specialized
instruments and platforms have been developed to
[17,62]
help ascend the learning curve
.
The technology was also advocated for surgeons
experienced with laparoscopy and minimally invasive
techniques, and results described in the published
literature are achieved by skilled laparoscopic
surgeons beyond the learning curve performing the
[32,34,69,70]
procedures
. In addition, published experience
[23,66,70-74]
has centered on non-obese patients
. To
increase utilization of this minimally invasive technique,
its feasibility in different patient populations must be
[72]
explored . The learning curve to achieve competence
with this technology has been defined, and there are
no increased complications or negative outcomes
reported during the early phases of the learning
[56,72]
curve
. Therefore, increasing use of SILS for
patient benefits and increased overall use of minimally
invasive colorectal surgery is encouraged.

6

7

8

9

10

11

CONCLUSION
As the field of colorectal surgery has emphasized
moving towards less invasive techniques, single
incision laparoscopic surgery, a hybrid between
traditional multiport laparoscopy and NOTES, is the
natural evolution in minimally invasive surgery. SILS
offers distinct benefits over traditional multiport
laparoscopy, but widespread use has been limited
from technical, ergonomic, and patient selection
challenges. With experience demonstrating the safety
and feasibility, and the learning curve for competence
defined, increased use of SILS in colorectal surgery is
encouraged.
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achalasia are largely classified into four groups,
including drug therapy using nitrite or a calcium
channel blocker, botulinum toxin injection, endoscopic
therapy such as endoscopic balloon dilation, and
surgery. Various studies have suggested that the most
effective treatment of esophageal achalasia is surgical
therapy. The basic concept of this surgical therapy
has not changed since Heller proposed esophageal
myotomy for the purpose of resolution of lower
esophageal obstruction for the first time in 1913, but
the most common approach has changed from openchest surgery to laparoscopic surgery. Currently,
the laparoscopic surgery has been the procedure of
choice for the treatment of esophageal achalasia.
During the process of the transition from open-chest
surgery to laparotomy, to thoracoscopic surgery, and
to laparoscopic surgery, the necessity of combining
antireflux surgery has been recognized. There is some
debate as to which type of antireflux surgery should
be selected. The Toupet fundoplication may be the
most effective in prevention of postoperative antireflux,
but many medical institutions have selected the Dor
fundoplication which covers the mucosal surface
exposed by myotomy. Recently, a new endoscopic
approach, peroral endoscopic myotomy (POEM), has
received attention. Future studies should examine
the long-term outcomes and whether POEM becomes
the gold standard for the treatment of esophageal
achalasia.
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Abstract

Core tip: Esophageal achalasia is the most common
primary esophageal motility disorder and the major
symptoms are dysphagia, vomiting, and chest pain.
Various studies have suggested that the most effective

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

In general, the treatment methods for esophageal
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treatment of esophageal achalasia is surgical therapy
and the basic concept of surgical therapy has not
changed since Heller proposed esophageal myotomy
for the purpose of resolution of lower esophageal
obstruction. However, the most common approach
has changed from open-chest surgery to laparoscopic
surgery. This article reviews the outcomes of surgical
procedures for esophageal achalasia from various view
points and discusses the problems and prospects of
laparoscopic surgery for esophageal achalasia.
Tsuboi K, Omura N, Yano F, Hoshino M, Yamamoto SR, Akimoto
S, Masuda T, Kashiwagi H, Yanaga K. Data analyses and
perspectives on laparoscopic surgery for esophageal achalasia.
World J Gastroenterol 2015; 21(38): 10830-10839 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i38/10830.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i38.10830

INTRODUCTION
Esophageal achalasia is the most common primary
esophageal motility disorder and is histologically
[1]
characterized by lack of the Auerbach’s nerve plexus .
It causes loss of esophageal peristalsis and/or a
lack of lower esophageal sphincter relaxation during
[2-5]
swallowing, which results in esophageal obstruction .
The major symptoms are dysphagia, vomiting, and
[5]
chest pain . There are neither racial nor gender
differences in its incidence, according to epidemiologic
studies. The disease is quite rare with a frequency of
[6,7]
approximately 1 in 0.1 million . The pathogenesis
of esophageal achalasia has not been elucidated,
and the pathogenic mechanism is not understood. At
the moment, the goal of treatment is not complete
resolution of the disease, but rather symptomatic
improvement that may significantly affect the patients’
quality of life (QOL). The treatment methods are largely
classified into four groups, drug therapy using nitrite
or a calcium channel blocker, botulinum toxin injection,
[8]
endoscopic balloon dilation, and surgery . Esophageal
myotomy was the first surgery that was proposed
by Heller in 1913. Thereafter, a combination with
cardioplasty was adapted to prevent reflux esophagitis
[9,10]
which was sometimes induced by the myotomy
.
Currently, laparoscopic myotomy has been widely
performed as a standard treatment approach in many
institutions, because it is minimally invasive, achieves
[7,8,11-14]
esthetic results, and has a defined surgical area
.
The objective response rate by surgery is good, ranging
[15-20]
from 88% to 97%
. There are some reports on the
[21-23]
long-term outcome
, which have demonstrated the
safety and effectiveness of the procedure.
This article reviews the outcomes of surgical
procedures for esophageal achalasia from various view
points and discusses the problems and prospects of
laparoscopic surgery for esophageal achalasia.

WJG|www.wjgnet.com

CHANGES IN SURGICAL PROCEDURES
FOR ESOPHAGEAL ACHALASIA OVER
TIME
Open surgery

Lower esophageal myotomy via left thoracotomy for
the purpose of improvement of esophageal clearance
was first reported by Heller. Heller’s approach involved
two incisions of approximately 8-cm made on the
anterior and posterior esophageal walls to relieve the
esophageal obstruction. The approach was modified by
[24]
Williams et al and the currently used long myotomy
with anterior fundoplication was established. While
the open-chest surgery was widely used, myotomy
via laparotomy was also performed in order to avoid
the complicated surgical procedures and postoperative
[25]
wound pain of open-chest surgery. Abir et al
who
studied 18 articles regarding Heller myotomy reported
that the response rate in 2680 patients was 83%
and concluded that the procedure was very effective.
However, since Heller myotomy required myotomy of
the gastroesophageal junction to prevent antireflux,
there was a risk of postoperative gastroesophageal
reflux disease (GERD). They reported that the overall
incidence of postoperative GERD was 12.3%, but 11
of the 18 articles on surgical treatment of esophageal
achalasia reported combination of myotomy with
laparoscopic antireflux surgery (LARS). The occurrence
of postoperative GERD in patients with antireflux
surgery was lower than those in patients without
antireflux surgery (10% vs 16%). These findings
suggested that laparotomic myotomy should be
performed along with antireflux surgery.

Minimally invasive surgery

Successful laparoscopic cholecystectomy was first
reported in 1987. Since then, the surgical procedures
for various pathologies have changed from open-chest
surgery to laparoscopic surgery. This trend was also
observed in the treatment of esophageal achalasia.
Laparoscopic procedures have been rapidly adopted
due to its minimally invasive nature and better
visualization of the surgical area, compared with openchest surgery and laparotomy. The procedure was
performed using the left thoracic approach similar to
[26]
that of open-chest surgery. Pellegrini et al
reported
that 14 of 17 patients (82%) were satisfied with
the surgical outcome that was comparable with that
obtained after thoracotomy. The major advantage
of thoracoscopic surgery is that long myotomy can
be applied to the cranial esophagus. This approach
does not require mobilization of the paraesophageal
membrane, but it is difficult to reach the anterior wall
of the gastric cardia, and an incision cannot reach the
oblique muscle due to this lack of sufficient myotomy
onto the cardia. Therefore, this approach will not
damage the antireflux mechanism and be less likely
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to cause postoperative reflux esophagitis. However,
there are still risks of persistence or relapse of the
[26-28]
obstruction sensation of the esophagus
. Thus,
thoracoscopic surgery cases are limited in number
whereas laparoscopic surgery is widely used.
Laparoscopic surgery was first reported by Shimi
[29]
et al in 1991. Since then, there are many successful
reports not only on the short-term results but also on
[30,31]
the long-term surgical outcomes
. The operating
time and duration of postoperative hospital stay
are shorter, and the symptomatic improvement is
greater by laparoscopic surgery, when compared with
[32]
thoracoscopic surgery .

COMPARISON OF SURGICAL RESULTS
BY APPROACH
Open method vs minimally invasive surgery

Transthoracic approaches include open-chest
surgery and thoracoscopic surgery. A retrospective
[33]
study conducted by Kesler et al
which compared
thoracoscopic myotomy and open-chest myotomy
reported that the operating time and intraoperative
blood loss were significantly decreased in the
thoracoscopic myotomy group (P < 0.05, respectively),
In addition, the patients in thoracoscopic myotomy was
experiencing a shorter hospitalization, which was due
to earlier resumption of oral nutrition, earlier removal
of chest tube, and less requirement of postoperative
analgesic agents. Those results indicated that intraand post-operative results were better in the patients
undergoing thoracoscopic surgery than that in those
undergoing open-chest surgery. Furthermore, a
[27]
study on the long-term outcomes by Pellegrini et al
showed relief of dysphagia seen in 88% of patients
and 66% of patients had regained their original
weight. The open-chest surgery was replaced with
thoracoscopic surgery due to the minimally invasive
closed-chest approach.
The transabdominal approach was also converted
to laparoscopic surgery over time in the institutions
which performed laparotomic myotomy. Ancona et
[34]
al
performed a retrospective study on 17 patients
undergoing the laparoscopic Heller-Dor procedure
and 17 background-matched patients undergoing
laparotomic surgery, and reported that the operating
time was longer in the laparoscopic surgery group
than that in the other group (178 min vs 125
min). In addition, the duration of the postoperative
hospital stay and time to reintegrate into society
were significantly decreased with the laparoscopic
surgery (P < 0.0001, respectively). However this
study were consisted with short-term examination,
and the analysis in long-term were expected. The
above-mentioned findings suggested that laparoscopic
surgery was more effective than the transabdominal
approach as a treatment for esophageal achalasia.
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Currently, laparoscopic surgery is a gold standard for
treatment of esophageal achalasia. And we are not
able to find any shortcoming in laparoscopic surgery
for esophageal achalasia without lengthening of
operating time if the patients have no contraindication
of laparoscopic surgery.

Thoracoscopic surgery vs laparoscopic surgery

Since laparoscopic surgery involves minimal invasi
veness and yields a similar response rate as compared
to that of the open-chest method, minimally invasive
surgery has been used as the first-line therapy.
[32]
Ramacciato et al
performed a case controlled study
to compare the results of thoracoscopic myotomy with
laparoscopic myotomy in 16 patients with thoracoscopic
surgery group and in 17 patients with laparoscopic
surgery (with Dor) group. The results indicated that
the operating time and duration of postoperative
hospital stay were significantly decreased in the
laparoscopic surgery group (P = 0.0001 in both), and
the frequency of persistence and relapse of a sensation
of postoperative obstruction in the esophagus was
significantly greater in the thoracoscopic surgery group
(38% vs 6%, P = 0.04). However this study was not
enough for analyzing postoperative GERD including pHmetry, and further examination was expected. Patti
[30]
et al investigated 8-year experience for minimally
invasive surgery for esophageal achalasia and they
indicated that the laparoscopic surgery is the better
choice for this disease.

PROBLEMS ASSOCIATED WITH LARS
AFTER ESOPHAGEAL MYOTOMY
Laparoscopic myotomy only vs laparoscopic myotomy
with fundoplication

The majority of the previous studies reached the
consensus that laparoscopic surgery was the most
[35]
suitable surgical procedure for esophageal achalasia .
One of the advantages of the transabdominal
approach is that myotomy can be sufficiently extended
[32]
to the gastric side , but the approach may induce
postoperative gastroesophageal reflux. Several
studies have been performed to validate whether
laparoscopic myotomy alone or in combination therapy
with antireflux surgery should be performed (Table
[10,36-39]
1)
. The observation period ranged from 6 to
96 mo but the postoperative improvement in the loss
of the obstructive sensation was good, ranging from
70% to 100%. Thus, all of the studies showed no
significant difference in symptomatic improvement
between the groups. Nevertheless, the incidence of
postoperative GERD symptoms tended to be higher
when laparoscopic myotomy was performed alone,
which suggested that cardioplasty was essential for
prevention of gastroesophageal reflux.

10832

October 14, 2015|Volume 21|Issue 38|

Tsuboi K et al . Laparoscopic surgery for esophageal achalasia
Table 1 Comparison of surgical outcomes between laparoscopic Heller myotomy vs laparoscopic myotomy with fundoplication
Author

Year

Study design

Samples

Procedure

Follow up (mo)

Success

Postop-GERD

Campos et al[36]

2009

Meta-analysis

Falkenback et al[37]

2003

RCT

Richards et al[10]

2004

RCT

Simić et al[38]

2010

RCT

Finley et al[39]

2007

Retrospective

579
2507
10
10
21
22
22
62
24
71

myotomy only
myotomy + fundoplication
myotomy only
myotomy + fundoplication
myotomy only
myotomy + fundoplication
myotomy only
myotomy + fundoplication
myotomy only
myotomy + fundoplication

NA
NA
96
96
6
6
36
36
12
12

90%
90%
70%
70%
100%
95.5%
100%
91.7%
100%
98.6%

31%
9%
13%
0.1%
47.6%
9.1%
9.1%
9.7%
NA
NA

NA: Not available; GERD: Gastroesophageal reflux disease; RCT: Retrospective cohort study.

Laparoscopic myotomy with Dor fundoplication
vs laparoscopic myotomy with other types of
fundoplication

[46,47]

A combination of laparoscopic myotomy and antire
flux surgery may be desirable for treatment of
esophageal achalasia, but it is still controversial which
type of antireflux surgery should be performed.
Many institutions in the world seem to select the
Dor fundoplication, but the Nissen fundoplication
and the Toupet fundoplication have also been
performed. Previous studies mainly compared the Dor
fundoplication with other types of fundoplications (Table
[40-43]
2)
. All types of antireflux surgery showed similar
symptomatic improvements and a high response
rate, but the incidence rate of postoperative GERD
was slightly greater in the patients undergoing the
Dor fundoplication. However, there was no statistically
significant difference.
The 2012 guidelines of the Society of American
[44]
Gastrointestinal and Endoscopic Surgeons
also
strongly recommended a combination of laparoscopic
myotomy with antireflux surgery. However, the
guidelines declined to say which type of antireflux
surgery should be performed but they did state that
circumferential fundoplication should be avoided
because of the risk of persistence and relapse of the
postoperative obstructive sensation of the esophagus.
In general, the previous studies indicated that the
Toupet fundoplication had a slightly higher antireflux
result, but there was no definite conclusion. There was
a report that diverticula developed in the esophageal
myotomy site when esophageal myotomy using the
Toupet fundoplication was not sufficiently extended
[45]
to the gastric side , which suggested that the Dor
fundoplication which completely wraps the exposed
mucosa should be performed.

COMPARISON BETWEEN SURGICAL
PROCEDURES AND OTHER
FUNDOPLICATION APPROACHES
Esophageal myotomy vs PD

Endoscopic balloon dilation is an effective treatment

WJG|www.wjgnet.com

for esophageal achalasia
. The procedure was
[48]
proposed by Vantrappen et al
in 1971 for the first
[49]
time, and the response rate is currently 80%-90% .
However, a long-term follow-up study indicated
that 60% of the patients had relapse and needed
[50]
radiation . Furthermore, the incidence of esophageal
perforation after the procedure was not high, ranging
from 0.5% to 5%, but 50% or more of these patients
with perforations required emergency surgery.
These patients are at the greatest disadvantages for
[50,51]
this procedure
. In cases where patients had a
previous history of balloon dilation, scar formation and
other tissue injury that possibly occurred during the
recovery process from submucosal hemorrhage may
cause detachment and myotomy of the esophagus
[52-54]
in the abdomen
. We studied whether a history
of dilation influences surgical outcome and reported
that there was no difference between those with
and without previous Parkinson’s disease (PD) in the
operating time, perioperative blood loss, incidence rate
of mucosal perforation during myotomy, and rate of
[55]
postoperative symptomatic improvement .
There are many studies comparing the therapeutic
effects of PD and laparoscopic myotomy, and Table
[56-59]
3 shows representative studies
. The duration of
observation ranged from 3 mo to 5 years, and the
rate of symptomatic improvement was greater with
laparoscopic surgery, which indicated that laparoscopic
surgery was strongly recommended to the patients
with esophageal achalasia.

Esophageal myotomy vs botulinum toxin injection

The botulinum toxin inhibits release of acetylcholine
from nerve terminals. Injection of botulinum toxin
into the lower esophageal sphincter of patients with
esophageal achalasia enables muscle relaxation
and eases the passage of food into the esophagus.
Since a significant symptomatic improvement was
observed in patients with esophageal achalasia on
short-term outcome in a placebo-controlled trial for
one week, the therapy in now an effective treatment
[60]
for esophageal achalasia . However, the persistence
of the therapeutic effect varied depending on the
patient. A long-term study indicated that the response
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Table 2 Comparison of surgical outcomes between laparoscopic Heller myotomy with Dor fundoplication vs laparoscopic myotomy
with other fundoplication
Author

Year

Study design

Samples

Fundoplication

Follow up (mo)

Success

Postop-GERD

Rebecchi et al[40]

2008

RCT

Rawlings et al[41]

2012

RCT

Wright et al[42]

2007

Retrospective

Di Martino et al[43]

2011

Retrospective

71
67
36
24
52
63
30
26

Dor
Nissen
Dor
Toupet
Dor
Toupet
Dor
Nissen

125
125
6
6
46
45
24
24

97%
85%
91.7%
95.8%
82.7%
95.2%
93.4%
92.3%

3%
0%
27.8%
16.7%
NA
NA
13.3%
0%

NA: Not available; GERD: Gastroesophageal reflux disease; RCT: Retrospective cohort study.

Table 3 Comparison of surgical outcomes between laparoscopic Heller myotomy with fundoplication vs pneumatic dilation
Author

Year

Study design

Samples

Approach

Procedure

Follow up (mo)

Success

postop-GERD

Kostic et al[56]

2007

RCT

Novais et al[57]

2010

RCT

Boeckxstaens et al[58]

2011

RCT

Persson et al[59]

2014

RCT

25
26
47
47
106
95
25
28

laparoscopy
endoscopy
laparoscopy
endoscopy
laparoscopy
endoscopy
laparoscopy
endoscopy

myotomy + fundoplication
pneumatic dilation
myotomy + fundoplication
pneumatic dilation
myotomy + fundoplication
pneumatic dilation
myotomy + fundoplication
pneumatic dilation

12
12
3
3
43
43
60
60

NA
NA
88.3%
73.8%
90%
86%
92%
64%

NA
NA
4.7%
31%
23%
15%
NA
NA

NA: Not available; GERD: Gastroesophageal reflux disease; RCT: Retrospective cohort study.

rate of patients undergoing botulinum toxin injection
was approximately 65%. The relatively greater effect
was observed in elderly patients and in patients with
an advanced type of esophageal achalasia, and the
[61]
effect lasted approximately 1.3 years . Zaninotto
[62]
et al
performed a randomized controlled trial in
80 patients with esophageal achalasia to compare
the therapeutic effects of laparoscopic myotomy and
botulinum toxin injection. The results demonstrated
that laparoscopic myotomy was safer, and the 6-mo
post-treatment evaluation showed that the response
rate was greater in laparoscopic myotomy compared
with that in botulinum toxin injection (82% vs 66%,
P < 0.05). Another evaluation after 2 years showed
that the symptomatic improvement effect was seen
in 87.5% of the laparoscopic myotomy group and in
34% of the botulinum toxin injection group. The longterm outcome of botulinum toxin injection was not
successful enough, similar to dilation therapy, but
the injection therapy may be effective in treating the
patients who are not a candidate for either dilation or
surgical procedures due to reduced activities of daily
living (ADL).

Esophageal myotomy vs per oral endoscopic myotomy

Recently, a new treatment for esophageal achalasia,
per oral endoscopic myotomy (POEM), has been
[63]
introduced
and has received attention. The method
is an adaptation of the natural orifice transluminal
endoscopic surgery (NOTES) in the mediastinum,
and has come to use in a small number of medical
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[64]

institutions . This method is based on a lower
esophageal sphincter (LES) myotomy in a porcine
survival model which was performed for the first
[65]
time in 2007 . POEM is quite novel and only a few
comparative studies on the short-term outcome
have been completed. Table 4 shows representative
[66,67]
results
. There was no difference in the operating
time and in the incidence of perforation between the
two groups, but the incidence of postoperative GERD
symptoms was slightly greater in the POEM group.
[68]
Furthermore, Teitelbaum et al
performed the
gastroesophageal junction distensibility measurements
with a functional lumen imaging probe during laparo
scopic myotomy with either cardioplasty or POEM on
25 patients with esophageal achalasia, and obtained
similar results.
The long-term outcome of the new treatment
method should be evaluated, but the short-term
outcome was excellent, and the procedure was less
invasive than laparoscopic surgery. Also in terms of a
better esthetic outcome, the new procedure may have
a higher potential. Future studies should evaluate the
incidence of postoperative GERD and the therapeutic
effects.

PROBLEMS AND PROSPECTS OF
LAPAROSCOPIC SURGERY
Laparoscopic surgery for esophageal achalasia
provides greater symptomatic improvement but some
patients have a poor outcome. Such poor response
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Table 4 Comparison of surgical outcomes between laparoscopic Heller myotomy vs peroral endoscopic myotomy n (%)
Author

Year Study design Samples Procedure

Hungness et al[66] 2013 Retrospective
Ujiki et al[67]

2013 Case control

55
18
21
18

Follow up (d)

myotomy
POEM
myotomy
POEM

OP time (min)

42
42
164
116

Major complication (perforation)

125
113
154.5
155.8

1 (2)
1 (6)
1 (4.8)
1 (5.6)

Postop-GERD
NA
7 (39)
4 (19)
5 (27.8)

Symptomatic GERD or PPI required. NA: Not available; GERD: Gastroesophageal reflux disease; POEM: Peroral endoscopic myotomy; OP: Operation.

Table 5 Surgical outcomes of reoperation for patients with achalasia
Author
[71]

Iqbal et al

Year

Samples

Approach (primary)

Approach (re-do)

2006

15

10: Laparoscopy

15: Laparoscopy

3: Thoracoscopy

(2: Conversion to laparotomy)

Mucosal injury

Re-revision

Satisfaction

30%

20%

40%-89%

NA

25%

82%

15.8%

10.5%

50%

1: Laparotomy
1: Thoracotomy
Rakita et al[73]

2007

12

11: Laparoscopy
1: Thoracoscopy

Grotenhuis et al[74]
Loviscek et al[75]

2007
2013

19
43

13: Abdominal

13: Abdominal

6: Thoracic

6: Thoracic

20: Abdominal

26: Laparoscopy

4.7%

9.3%

79%

7: Laparoscopy

5: Laparoscopy

30%

NA

90%

3: Thoracoscopy

2: Thoracoscopy

23: Thoracic
Omura et al[76]

2012

10

1: Laparotomy
1: Laparotomy + thoracotomy
NA: Not available.

to laparoscopic surgery may mainly be caused by the
surgeon’s lack of technical skills, including insufficient
esophageal myotomy, an overtight wrap, a loose wrap,
and development of postoperative reflux esophagitis
[69,70]
due to absence of cardioplasty
. Some studies
have been performed to detect potential factors
relating to the patients’ background and pathology.
[71]
Iqbal et al
compared 67 patients whose symptoms
were improved and 15 patients whose symptom
were not improved, and reported that the effect of
surgery was more beneficial in patients with a short
disease duration and in patients without a previous
[72]
history of botox injection. Torquati et al
performed
a comparison study in 200 patients undergoing
laparoscopic Heller myotomy, including 170 responders
and 30 non-responders. The preoperative manometry
showed that the LES pressure was significantly greater
in the responders than that in the non-responders,
and the patients with a LES pressure > 35 mmHg had
more than 21 times the likelihood to achieve excellent
dysphagia relief after myotomy as compared with
those with a LES pressure ≤ 35 mmHg when the
cutoff value was set at 35 mmHg for the LES pressure.
Patients who did not go into complete remission
after the primary surgery or those who suffered from
a relapse during the follow-up received the redo
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[71,73-76]

surgery at some medical institutions (Table 5)
.
The rate of mucosal perforation was relatively
high, ranging from 4.7% to 30%, but the patient
satisfaction was 40% to 90%, which suggested that
the redo surgery might need to be performed in highly
experienced medical institutions for the purpose of
QOL improvement.
High resolution manometry (HRM), which was
recently introduced, is equipped with strong diagnostic
capabilities in esophageal dysmotility. The pathology
of esophageal achalasia is classified into Types Ⅰ to
Ⅲ based on the level of esophageal motility. Several
studies evaluated the treatment outcome by Type,
and the analysis found that Type Ⅱ had the greatest
therapeutic response, followed by Type Ⅰ and then Type
[77,78]
[79]
. Salvador et al
reported that the response
Ⅲ
of myotomy to esophageal achalasia Type Ⅰ, Ⅱ, and
Ⅲ was 85.4%, 95.3%, and 69.4%, respectively.
According to the above-mentioned findings, treatment
of Type Ⅲ esophageal achalasia should be further
studied and include a new treatment approach.
As to laparoscopic surgery for esophageal
achalasia, a single incision and reduced port surgery
[80]
focusing on the esthetic aspect
has widely been
[81,82]
used, especially in high volume centers (Table 6)
.
[83]
According to the report by Ross et al , many studies
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Table 6 Surgical outcomes of reduced port surgery for patients with achalasia
Author

Year

Samples

Procedure

Barry et al[81]

2011

66

Omura et al[82]

Epub

24

Myotomy
+ anterior fundoplication
Myotomy
+ anterior fundoplication

Follow up (mo) OP time (min)

Mucosal injury

Conversion to
laparotomy

Satisfaction

NA

117

3%

0%

94%

8

230

13%

0%

90%

NA: Not available; OP: Operation.

reported that the learning curve of the laparoscopic
surgery was 20 operations, but it might be easier to
master the technique if the surgeons have had prior
experience with conventional laparoscopic Heller
myotomy (Lap-Heller). According to reports by two
high volume centers that treat esophageal achalasia,
the symptomatic improvement rate was similar to
that by conventional methods, and no patients were
converted to lap-Heller, which suggested that the
outcome was sufficiently acceptable. In the future,
younger patients and female patients with esophageal
achalasia may prefer laparoscopic surgery, and such a
surgical procedure will likely be widely used.
In general, esophageal achalasia is considered as
a premalignant condition for esophageal squamous
cell carcinoma, and the risk of developing the cancer
might be 140-times greater than that in the general
[84]
population . Esophageal achalasia might be caused
by either saburra in the esophagus due to decreased
clearance of the lower esophagus or chronic exposure
[84,85]
of saliva to the esophageal mucosa
. Some patients
developed esophageal squamous cell carcinoma during
[86,87]
the long follow-up after surgery
. Therefore, even
after the symptoms are improved by surgery, followup by periodic upper gastrointestinal endoscopy is
required.

CONCLUSION
Since laparoscopic Heller myotomy was reported by
Heller as the first-line surgical therapy for esophageal
achalasia, myotomy has been modified in various
ways for the last 100 years. At the moment, there
is no room for doubt that laparoscopic myotomy has
become the gold standard for treatment of achalasia
throughout the world. However, the current surgical
therapy does not provide a complete resolution of
esophageal achalasia. The therapy achieves successful
symptomatic relief but there is still a need for more
improvement. It is expected that measures against
the technical problems that have been pointed out by
the previous studies lead to the development of a new
approach. Additionally, further studies might provide
guidelines for treatment based on various factors.
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Abstract
AIM: To investigate the expression characteristics of
peroxiredoxin 1 (PRDX1) mRNA and protein in liver
cancer cell lines and tissues.
METHODS: The RNA sequencing data from 374
patients with liver cancer were obtained from The
Cancer Genome Atlas. The expression and clinical
characteristics of PRDX1 mRNA were analyzed in this
dataset. The Kaplan-Meier and Cox regression survival
analysis was performed to determine the relationship
between PRDX1 levels and patient survival. Subcellular
fractionation and Western blotting were used to demon
strate the expression of PRDX1 protein in six liver
cancer cell lines and 29 paired fresh tissue specimens.
After bioinformatics prediction, a putative posttranslational modification form of PRDX1 was observed
using immunofluorescence under confocal microscopy
and immunoprecipitation analysis in liver cancer cells.
RESULTS: The mRNA of PRDX1 gene was upregulated
about 1.3-fold in tumor tissue compared with the
adjacent non-tumor control (P = 0.005). Its abun
dance was significantly higher in men than women
(P < 0.001). High levels of PRDX1 mRNA were ass
ociated with a shorter overall survival time (P =
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0.04) but not with recurrence-free survival. The Cox
regression analysis demonstrated that patients with
high PRDX1 mRNA showed about 1.9-fold increase
of risk for death (P = 0.03). In liver cancer cells,
PRDX1 protein was strongly expressed with multiple
different bands. PRDX1 in the cytosol fraction existed
near the theoretical molecular weight, whereas two
higher molecular weight bands were present in the
membrane/organelle and nuclear fractions. Importantly,
the theoretical PRDX1 band was increased, whereas
the high molecular weight form was decreased in
tumor tissues. Subsequent experiments revealed that
the high molecular weight bands of PRDX1 might
result from the post-translational modification by small
ubiquitin-like modifier-1 (SUMO1).
CONCLUSION: PRDX1 was overexpressed in the
tumor tissues of liver cancer and served as an inde
pendent poor prognostic factor for overall survival.
PRDX1 can be modified by SUMO to play specific roles
in hepatocarcinogenesis.
Key words: Peroxiredoxin 1; Liver cancer; Prognostic
factor; Post-translational modification; SUMOylation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Peroxiredoxin 1 (PRDX1) is an antioxidant
enzyme, and, therefore, it is considered a tumor
suppressor gene. However, only recently has various
data revealed that PRDX1 not only functions in per
oxide detoxification but also in tumorigenesis. Here, we
found that PRDX1 was overexpressed in liver cancer
at the transcriptional level, and it was an independent
unfavorable prognostic factor for overall survival. In
liver cancer cells, PRDX1 is post-translationally modified
by small ubiquitin-like modifier. The downregulation
of sumoylated PRDX1 in tumors might participate
in hepatocarcinogenesis. PRDX1 represents both a
prognostic biomarker and therapeutic target for liver
cancer.
Sun YL, Cai JQ, Liu F, Bi XY, Zhou LP, Zhao XH. Aberrant
expression of peroxiredoxin 1 and its clinical implications in
liver cancer. World J Gastroenterol 2015; 21(38): 10840-10852
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i38/10840.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i38.10840

INTRODUCTION
Liver cancer is the second leading cause of cancer
death worldwide, accounting for about 9.1% of total
cancer deaths. It was estimated that 782500 new
cases and 745500 deaths occurred globally in 2012,
and China alone accounted for about 50% of the
[1]
total number of cases and deaths . Overwhelmingly,
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chronic infection with hepatitis B or C virus, alcoholic
liver disease, and nonalcoholic fatty liver disease
[2]
are the major risk factors of liver cancer . The
exposures of these factors generally contribute to the
multistep development of liver cancer by promoting
extensive oxidative stress, liver inflammation, and
[3]
immune response . Among them, reactive oxygen
species (ROS) can promote many aspects of tumor
development and progression via oxidative DNA and
protein damage, lipid peroxidation, damage to tumor
suppressor genes, and enhanced expression of proto[4]
oncogenes etc. .
Under normal physiological conditions, the intra
cellular ROS are detoxified by non-enzymatic molecules
(i.e., glutathione, flavonoids, and vitamins A, C, and E)
or antioxidant enzymes. There are at least five families
of antioxidant enzymes with specifically scavenging
capacity, including superoxide dismutases, catalases,
peroxiredoxins (PRDXs), thioredoxins, and glutathione
[4]
system etc. . Among them, PRDXs use thioredoxin
as the electron donor to catalyze the reduction of
hydrogen peroxide, organic hydroperoxides, and
peroxynitrite. Mammalian cells express six isoforms
of PRDXs, which are classified into three subfamilies
based on the location or absence of the essential
catalytic cysteine (Cys) residue, 2-Cys (PRDX1, 2, 3, 4),
atypical 2-Cys (PRDX5), and 1-Cys (PRDX6). PRDX1
is the most abundant and ubiquitously distributed
isoform.
Notably, recent evidence suggests that hydrogen
peroxide may serve as an intracellular signaling
messenger molecule in response to stimulation
[4-7]
in many mammalian cell types
. It oxidizes the
critical residues of its effectors, as exemplified by the
inhibition of protein-tyrosine phosphatases and the
tumor suppressor phosphatase and tensin homolog
[8,9]
(PTEN) . Actually, PRDX1 has been reported to act
as an intermediate in cell signaling via oxidizing several
[10-12]
signaling proteins
to regulate cell proliferation,
differentiation, apoptosis, migration, angiogenesis, and
[12-15]
senescence
. Therefore, PRDX1 has a dual function
in tumorigenesis. On the one hand, it functions as a
-/tumor suppressor gene. Prdx1 mice have a shortened
lifespan due to severe hemolytic anemia and several
[16]
malignant cancers, including liver cancer . In Prdx1-/fibroblasts and mammary epithelial cells, it was shown
to act as a safeguard for the lipid phosphatase activity
of PTEN to suppress H-Ras and ErbB-2-induced cell
[17]
transformation . On the other hand, PRDX1 can act
in a manner independent of its peroxide detoxifying
function. The high level of PRDX1 was associated
with a high potential for recurrence in squamous cell
[18]
carcinoma of the tongue
and diminished overall
survival and disease-free survival in gallbladder
cancer, ovarian serous carcinomas, lung cancer, and
[19-22]
pancreatic cancer
. In addition, inhibition of PRDX1
increases radio- and chemosensitivity in glioma and
[23-26]
lung cancer
. In prostate cancer, it enhances the
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[27]

transactivation of androgen receptor .
In liver cancer, the overexpression of PRDX1
mRNA and protein has been observed in limited
clinical specimens. Increased PRDX1 expression was
associated with tumor angiogenesis, progression, and
tumor necrosis factor alpha related apoptosis inducing
ligand resistance and served as an independent poor
[28,29]
prognosis factor
. Silencing PRDX1 in HepG2
cells partially reversed the tumor phenotype via the
downregulation of proteins involved in cell proliferation
[30]
and differentiation . In this study, we investigated
the expression and clinical significance of PRDX1
mRNA in liver cancer using an RNA sequencing
dataset from The Cancer Genome Atlas (TCGA) (n =
374). Meanwhile, according to the protein expression
and subcellular localization of PRDX1, a novel posttranslational modification form of PRDX1 was explored
in liver cancer cells.

liver tissue samples were collected from patients (26
male, three female; median age, 54 ± 12; range
32-78 years) undergoing resection during the period
from May 2006 to November 2007. Among them, 17
cases were α-fetoprotein (AFP)-normal, while 12 were
AFP-positive. The tissue samples were collected and
washed right after surgical resection. They were then
snap-frozen in liquid nitrogen immediately and stored
at -80 ℃. Fresh tissue samples were homogenized
and the proteins were extracted using the protein lysis
buffer described above.

Western blot analysis

The human liver cancer cell lines HepG2, Hep3B, and
SK-HEP-1 were obtained from the American Type
Culture Collection (Rockville, MD, United States).
Bel-7402, Bel-7404, and SMMC-7721 liver cancer cells
were purchased form Institute of Biochemistry and Cell
Biology of Chinese Academy of Sciences (Shanghai,
China); HLE cell was purchased from the Human
Science Research Resources Bank (Osaka, Japan).
They were maintained in recommended media at 37 ℃
with 5% CO2.

Approximately 15 μg of total proteins or subcellular
proteins were diluted in Laemmli buffer containing
10% β-mercaptoethanol and boiled at 95 ℃ for 10
min. Samples were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and then transferred to polyvinylidene difluoride
(PVDF) membranes. After blocking, the membranes
were incubated with anti-PRDX1 (ab15571, Abcam,
Cambridge, United Kingdom) and anti-β-actin (SigmaAldrich) antibodies. Following intensive washing,
the membranes were developed with horseradish
peroxidase conjugated second antibodies (Jackson
Immunoresearch Lab., West Grove, PA, United States)
and visualized using an enhanced chemiluminescence
system (Santa Cruz Biotech., Dallas, TX, United
States). The upregulation or downregulation of PRDX1
was defined as higher or lower relative band intensity
in tumors compared with their paired adjacent normal
liver tissues.

Protein extraction from cells

Immunofluorescence under confocal microscopy

MATERIALS AND METHODS
Cell lines and cell cultures

For total proteins extraction, cells in the exponential
phase of growth were harvested using a protein lysis
buffer (pH 7.4) containing 50 mmol/L Tris-HCl, 150
mmol/L NaCl, 1% NP-40, 0.1% sodium dodecyl sulfate
(SDS), 10 mmol/L N-methylmaleylimide (SigmaAldrich, St. Louis, MO, United States) and protease
inhibitor cocktail (Roche Diagnostics, Mannheim,
Germany). The protein content was determined by
Coomassie Plus Protein Assay (Pierce, Rockford,
IL, United States). In addition, subcellular protein
TM
extraction was performed using ProteoExtract
Subcellular Proteome Extraction Kit (Calbiochem,
Billerica, MA, United States) according to the manu
facturer’s guidelines.

Clinical specimen collection and preparation

Surgical tissues from liver cancer patients were
collected after obtaining informed consent and
approval from the Institutional Review Board of the
Cancer Institute and Hospital of Chinese Academy
of Medical Sciences (Beijing, China). All patients
were diagnosed by two senior pathologists without
chemo/radiotherapy before surgical operation. A total
of 29 fresh tumor and paired adjacent non-tumor
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HepG2, Hep3B, and SK-HEP-1 cells were grown in
0.01% poly-l-Lysine coated slides for 24 h. After
fixed with 4% paraformaldehyde for 30 min at room
temperature and washed three times with PBS (pH
7.4), the cells were blocked with 1% bovine serum
albumin (BSA) and 0.1% Triton X-100 for 30 min
at room temperature. Washed cells were incubated
for 30 min with rabbit anti-PRDX1 and mouse antiSUMO1 (Zymed Lab., San Francisco, CA, United
States) antibodies. Then, the cells were incubated in
the dark for 60 min with Alexa Fluor 488-conjugated
goat anti-rabbit and Alexa Fluor 594-conjugated goat
anti-mouse (Life Technologies, Carlsbad, CA, United
States) secondary IgG. The fluorescence signals were
captured under a TCS SP2 laser confocal microscope
(Leica Microsystems, Wetzlar, Germany).

Immunoprecipitation

For co-immunoprecipitation analysis, 1.5 mg of whole
cell lysate of HepG2 was precleared by incubating with
protein G-agarose beads (Roche Diagnostics, Basel,
Switzerland) at 4 ℃ for 1 h. The collected supernatant
was incubated at 4 ℃ with 4 μg of rabbit anti-PRDX1
antibody, mouse anti-SUMO1 antibody, or nonimmune
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rabbit/mouse IgG (Zhongshan Biotechnology, Beijing,
China) overnight with rotation. The immune complex
was precipitated by incubation with 50 μL of protein
G-agarose for 3 h at 4 ℃. The agarose beads were
pelleted by centrifugation and washed three times with
lysis buffer. The beads were suspended in 2 × Laemmli
sample buffer and boiled for 5 min. Protein G-agarose
beads were removed from the complex by centrifugation
at 10000 g for 5 min. The supernatant was loaded onto
10% SDS-PAGE for Western blot analysis with respective
antibodies to PRDX1 and SUMO1.

TCGA RNA sequencing data mining and statistical
analysis

The liver cancer transcriptome dataset was obtained
from TCGA. The RNA sequencing data from 49 nontumor liver tissues and 374 tumor tissues were
available. The expression of PRDX1 mRNA and its
clinical significance was analyzed. Mann-Whitney U
test was used to compare the Read per Million (RPM)
between two groups. The Kaplan-Meier method was
used to determine the relationship between the RPM
of PRDX1 and patient survival, and log-rank analysis
was performed to compare survival curves. Univariate
and multivariate analyses were performed using the
Cox regression model. In addition, the bioinformatic
tool SUMOplot (http://www.abgent.com/sumoplot)
was used to predict the putative SUMOylation sites of
PRDX1. P values < 0.05 were considered significant.
All analyses were performed using Graphpad prism 6.0
(GraphPad Software Inc., La Jolla, CA, United States).

RESULTS
Upregulation of PRDX1 mRNA in human liver cancer
tissues

According to the RNA sequencing data from TCGA,
PRDX1 mRNA was upregulated approximately
1.3-fold in tumor tissues (n = 374) compared with
adjacent non-tumor livers (n = 49) (Figure 1A, P =
0.005). Based on the median RPM value of PRDX1
in tumor tissues, all 374 cases were divided into two
groups, high level group and low level group. KaplanMeier survival analysis with a log-rank test showed
a significant correlation between high PRDX1 mRNA
expression and shorter overall survival time (P =
0.04) in liver cancer patients (Figure 1B, left panel).
The median survival times of high and low expression
groups were 635 and 498 d, respectively. However,
the expression of PRDX1 mRNA was not associated
with recurrence of the patients with liver cancer (Figure
1B, right panel). Even for patients who had received a
curative resection (R0 resection, n = 310), high levels
of PRDX1 mRNA also was correlated with shorter
overall survival (P = 0.05) but not with recurrence
(Supplementary file).
These findings were further confirmed by both
univariate and multivariate Cox regression analysis
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(Tables 1 and 2). In the univariate analysis, compared
with the low PRDX1 mRNA expression group, patients
with the high PRDX1 mRNA exhibited a 1.55-fold
increase of relative risk (RR) for overall survival (P =
0.04). Other significant risk factors included Child-Pugh
classification (RR = 2.49, P = 0.01) and tumor, node,
metastases (TNM) staging (RR = 2.39, P < 0.001). As
concluded by the multivariate analysis, TNM staging
(RR = 2.36, P = 0.007), Child-Pugh classification (RR
= 2.30, P = 0.03), and PRDX1 mRNA expression (RR
= 1.89, P = 0.03) were the independent prognostic
factors for death. For recurrence-free survival, in the
univariate analysis, residual tumor (RR = 2.25, P =
0.05), vascular invasion (RR = 1.65, P = 0.05), and
TNM staging (RR = 4.32, P < 0.001) were associated
with increased risk of recurrence. Only TNM staging (RR
= 5.04, P < 0.001) was considered as an independent
recurrent factor.
The correlations between the clinicopathologic
characteristics of liver cancer patients and the ex
pression of PRDX1 mRNA in their tumors were also
compared (Figure 1C). The levels of PRDX1 mRNA
were higher in males than females (P < 0.001). The
correlation between PRDX1 mRNA and other features,
such as age, differentiation degree, vascular invasion,
Child-Pugh classification, TNM staging, hepatic fibrosis
degree, serum AFP levels, and hepatic inflammation in
adjacent liver tissue, was not observed.

expression and localization of PRDX1 protein in liver
cancer cell lines

In addition to whole cell lysates, cytosol, membrane/
organelle, and nuclear protein fractions were extracted
from liver cancer cells (HepG2, Hep3B, SK-HEP-1,
Bel-7404, SMMC-7721, and HLE) to enhance the
visibility of moderate- and low-abundance proteins.
PRDX1 was expressed in the whole lysates of all six
cells, represented by multiple different bands (Figure
2). Additionally, the subcellular protein analysis showed
that PRDX1 in the cytosol fraction existed near the
theoretical molecular weight form (22 kDa), whereas
two higher molecular weight bands, approximately 35
and 50 kDa, were present in the membrane/organelle
and nuclear fractions, especially the membrane/
organelle fraction (Figure 2). Thus, PRDX1 protein was
ubiquitously distributed in the liver cancer cells, and it
existed as multiple forms in the membrane/organelle
and nuclear fractions.

expression of PRDX1 protein in human liver cancer
samples

To confirm the observation in liver cancer cells, the
expression of PRDX1 in liver cancer patients was
analyzed using Western blotting. We found that PRDX1
was detected as two bands with different molecular
weight, the theoretical 22 kDa band and the higher
50 kDa band. Compared with the non-tumorous
corresponding tissues, the theoretical PRDX1 band was
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Figure 1 expression and clinicopathological characteristics of peroxiredoxin 1 mRNA presented in The Cancer Genome Atlas liver cancer RNA
sequencing dataset. A: peroxiredoxin 1 (PRDX1) mRNA was significantly up-regulated in tumor tissues (n = 374) compared with the adjacent non-tumor tissues (n =
50); B: Kaplan-Meier curves of overall survival (left panel) and recurrence (right panel) according to the PRDX1 levels in tumor samples. Log-rank test was performed;
C: The clinicopathological characteristics analysis of PRDX1 expression in 374 liver cancer cases. RPM: Read per Million; RPM: Read per Million; AFP: α-fetoprotein.

increased in 48.3% (14/29) of neoplastic liver tissues,
whereas the higher 50 kDa form was downregulated in
69.0% (20/29) of tumor tissues (Figure 3). The total
intensity of PRDX1 was downregulated in 18 out of 29
tumor tissues (62.1%, 18/29).
The clinical association trend for PRDX1 expression
was observed in these 29 patients. We only found that
downregulation of the 50 kDa band was greater in
younger patients (< 60 years old). However, there was
no correlation between PRDX1 protein and gender,
tumor size, differentiation, TNM staging, or serum AFP
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levels.

Bioinformatic prediction of mechanisms involved in the
formation of high molecular weight PRDX1

The theoretical molecular weight of PRDX1 is
approximately 22 kDa. Our Western blot analysis, with
reducing SDS-PAGE with 10% β-mercaptoethanol,
revealed two extra high molecular weight bands near
35 and 50 kDa, especially in subcellular fractions.
Therefore, we suspected that PRDX1 possessed
some covalent modifications that were increasing the
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Table 1 Univariate and multivariate survival analysis for overall survival and recurrence-free survival in The Cancer Genome Atlas
patients with hepatocellular carcinoma
Variables

Overall survival

Recurrence-free survival

Relative risk (95%CI)

P value

Relative risk (95%CI)

P value

1.17 (0.76-1.80)
1.21 (0.78-1.86)
1.27 (0.83-1.95)
1.95 (0.94-4.06)
2.49 (1.21-5.12)
1.52 (0.94-2.46)
2.39 (1.51-3.79)
0.98 (0.88-1.08)
1.15 (0.68-1.92)
1.55 (1.01-2.36)
1.20 (0.79-1.80)

0.48
0.39
0.28
0.07
0.01
0.08
< 0.001
0.63
0.61
0.04
0.39

1.33 (0.83-2.14)
0.91 (0.72-1.15)
0.76 (0.48-1.21)
2.25 (1.02-4.98)
2.22 (0.95-5.19)
1.65 (1.00-2.71)
4.32 (2.50-7.47)
0.81 (0.46-1.41)
0.85 (0.49-1.49)
1.01 (0.63-1.60)
1.30 (0.82-2.07)

0.24
0.44
0.25
0.05
0.07
0.05
< 0.001
0.45
0.58
0.98
0.26

2.30 (1.10-4.78)
2.36 (1.26-4.41)
1.89 (1.07-3.36)

0.03
0.007
0.03

0. 89 (0.28-2.89)
1.42 (0.79-2.55)
5.04 (2.76-9.22)
-

0.77
0.23
< 0.001
-

Univariate
Age (> 60 vs ≤ 60 yr)
Gender (female vs male)
Differentiation (Poorly vs well and moderately)
Residual tumor (R1 + R2 vs R0)
Child-Pugh classification (grade B vs A)
Vascular invasion (macro + micro vs none)
TNM staging (Ⅲ + Ⅳ vs Ⅰ + Ⅱ)
Fibrosis (fibrosis + cirrhosis vs none)
AFP (≥ 200 ng/mL vs < 200 ng/mL)
PRDX1 expression (high vs low)
Inflammation in adjacent liver (severe + mild vs none)
Multivariate
Residual tumor (R1 + R2 vs R0)
Child-Pugh classification (grade B vs A)
Vascular invasion (macro + micro vs none)
TNM staging (Ⅲ + Ⅳ vs Ⅰ + Ⅱ)
PRDX1 expression (high vs low)
AFP: α-fetoprotein; PRDX1: Peroxiredoxin 1.

Table 2 Expression of peroxiredoxin 1 protein and its clinical significance
P value

22 kDa band

n
Gender
Male
Female
Age
≥ 60
< 60
Tumor size
≤ 3 cm
> 3 cm
Differentiation
Well
Moderately
Poorly
TNM staging
Ⅰ-Ⅱ
Ⅲ-Ⅳ
AFP
≥ 200 ng/mL
< 200 ng/mL

50 kDa band

n

Up-regulated (%)

P value

Down-regulated (%)

26
3

45.2 (12/26)
33.3 (1/3)

1.00

26
3

69.2 (18/26)
66.7 (2/3)

1.00

10
19

30.0 (3/10)
52.6 (10/19)

0.43

10
19

40.0 (4/10)
65.5 (16/19)

0.03

7
22

42.9 (3/7)
45.5 (10/22)

1.00

7
22

42.9 (3/7)
77.3 (17/22)

0.16

7
18
4

28.6 (2/7)
55.6 (10/18)
25.0 (1/4)

0.41

7
18
4

71.45 (5/7)
66.7 (12/18)
75.0 (3/4)

1.00

20
9

35.0 (7/20)
66.7 (6/9)

0.23

20
9

70.0 (14/20)
66.7 (6/9)

1.00

7
22

42.9 (3/7)
45.5 (10/22)

1.00

7
22

71.4 (5/7)
68.2 (15/22)

1.00

AFP: α-fetoprotein.

molecular weight. The prediction of SUMOplot tool
identified two consensus sequence of SUMOylation
with high probability and four sites with low probability
in PRDX1 (Figure 4A). The molecular weight of SUMO1
is near 12 kDa, thus we supposed that the higher
molecular weight bands of PRDX1 were due to its
SUMOylation.

PRDX1 might be sumoylated in liver cancer cells

To investigate whether PRDX1 might be sumoylated,
we determined the colocalization of PRDX1 and SUMO1
in three liver cancer cells, HepG2, Hep3B, and SKHEP-1. We found that green endogenous PRDX1 was
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partially co-localized with the red SUMO1 molecules in
the cytoplasm, according to immunofluorescence and
confocal microscopy analysis (Figure 4B).
Furthermore, a co-immunoprecipitation assay was
performed. HepG2 cells were lysed in the presence
of N-ethylmaleimide, which inhibits SUMO-specific
proteases, and were immunoprecipitated with an antiPRDX1 or anti-SUMO1 antibody. As shown in Figure
4C, when the anti-SUMO1 antibody was used to
precipitate SUMO1 interacting proteins, compared with
non-immune IgG control, the theoretical and higher
molecular weight bands of PRDX1 could be detected.
Conversely, when the PRDX1 and its interacting
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Figure 2 Western blotting analysis of peroxiredoxin 1 protein in liver cancer cells. The codes of liver cancer cells: 1: HepG2; 2: Hep3B; 3: SK-HEP-1; 4:
Bel-7404; 5: SMMC-7721; 6: HLE. W: Whole lysates; F1: Cytosol fraction; F2: Membrane/organelle fraction; F3: Nucleus fraction. The upper panel is the Coomassie
Blue stained SDS-PAGE gel, and the lower panel is the Western blotting of PRDX1. PRDX1: peroxiredoxin 1.

proteins were enriched by anti-PRDX1 antibody, a
weak band, about 50 kDa, was also recognized by
anti-SUMO1 antibody (Figure 4D). Unfortunately, due
to the low molecular weight characteristics of SUMO1,
it was not detected in our Western blot system. These
results indicated that PRDX1 and SUMO1 interacted
with one another and suggested that PRDX1 might
undergo SUMOylation in liver cancer cells.

DISCUSSION
In the present study, we found PRDX1 mRNA was
upregulated in the tumor tissues of liver cancer in a
large sample size. Increased PRDX1 was associated
with male gender and shorter overall survival. Western
blotting revealed that PRDX1 had two bands on SDSPAGE gel (about 35 and 50 kDa) that were higher
molecular weight than the theoretical molecular
weight (22 kDa). These higher molecular weight bands
mainly existed in the membrane/organelle and nuclear
fractions. Subsequent immunofluorescence and coimmunoprecipitation assays hinted that the higher
molecular weight bands might be due to SUMOylation
of PRDX1.
In addition to its peroxide detoxifying function,
PRDX1 interacts and regulates the activity of several
vital proteins. For example, PRDX1 can bind the SH3
domain of c-Abl, Myc Box Ⅱ domain of c-Myc, C2
domain of PTEN, androgen receptor, apoptosis signalregulating kinase 1, mammalian ste20-like kinase
[13,17,27,31-34]
1 to modulate their activities
. Moreover,
PRDX1 promotes tumor development and progression
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through Toll-like receptor 4 and mammalian target of
rapamycin/p70S6K pathways and tumor growth factor
[14,15,35]
.
β1-induced epithelial-mesenchymal transition
Meanwhile, PRDX1 can act as a chaperone to enhance
the transactivation potential of NF-κB in estrogen
[36]
receptor negative breast cancer cells . Recently,
PRDX1 was found to bind RNA and serve as a transcrip
tion anti-terminator to enhance the survival of cells
[37]
exposed to cold stress .
In tumors, hypoxia or ROS can induce the
[38-41]
expression of PRDX1
. Although PRDX1 was shown
to be overexpressed in most of tumors, because of
its complex functions, its clinical significance was
dependent on tumor type. For example, PRDX1 was
a favorable prognostic factor in esophageal squamous
cell carcinoma, breast cancer, bladder cancer, and
[42-45]
cholangiocarcinoma
, whereas an opposite role was
attributed to PRDX1 in squamous cell carcinoma of the
tongue, gallbladder cancer, ovarian serous carcinomas,
[18-22,29]
lung cancer, pancreatic cancer, and liver cancer
.
Our study confirmed that PRDX1 mRNA was
upregulated in liver cancer tumor tissues, and its high
levels were associated with shorter overall survival
time. However, according to our large sample size, we
did not observe the correlation between PRDX1 and
the recurrence-free survival of patients, as reported
[29]
previously . Moreover, the expression of PRDX1 was
higher in male patients. A previous study also found
that expression levels of PRDX1 were relatively high
in hepatitis C virus-related hepatocellular carcinoma
[46]
samples from men , concordant with our results.
It was known that liver cancer has a high male-to-
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Figure 4 peroxiredoxin 1 might be sumoylated in liver cancer cells. A: The bioinformatic prediction of PRDX1 using SUMOplot tool; B: Immunofluorescence
staining visualized under a confocal microscope illustrating the co-localization of PRDX1 and SUMO1 proteins in the cytoplasm of three liver cancer cells. C, D: Coimmunoprecipitation of PRDX1 with SUMO1 in HepG2 cell extract; C: Lysates were subjected to immunoprecipitation (IP) with anti-SUMO1 antibody, followed by
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[1]

female incidence rate ratio of 2-4:1 , and men with
liver cancer tend to have a more invasive phenotype
[47]
and shorter survival . Thus, the prognostic value of
PRDX1 mRNA might relate to the gender-disparity of
liver cancer.
At the protein level, we found that PRDX1 had
three different molecular weight forms in liver cancer
cells, and the higher molecular weight bands were
mainly distributed in the cell organelles and nucleus.
They were also detected in the tissue lysates. Mean
while, the higher molecular weight bands were
downregulated in tumor tissues, whereas the theo
retical molecular weight band was upregulated. Our
Western blot system is reducing SDS-PAGE including
10% β-mercaptoethanol; therefore, the dimer
cannot explain the phenomenon. We predicted that
the shift in molecular weight was due to a covalent
modification rather than a disulfide bond for PRDX1 in
liver cancer. To support this hypothesis, we performed
the bioinformatic prediction, immunofluorescence,
and co-immunoprecipitation assay, and the putative
modification forms of PRDX1 by SUMO were confirmed.
SUMOs are ubiquitin-like polypeptides that co
valently conjugate to proteins in an ATP-dependent
[48]
enzymatic cascade that resembles ubiquitylation .
Hundreds of proteins can be modified by SUMOs,
including oxidative stress-related proteins. Hydrogen
peroxide enhances the global protein SUMO conju
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gation profile and induces a reversible blockade of
[49,50]
SUMO proteases sentrin-specific protease 1
. ROS
induces a rapid de-SUMOylation of transcription factors
c-Fos and c-Jun, resulting in stimulation of their activity
[51,52]
and activation of numerous anti-oxidant proteins
.
Thus, it seems that SUMOylation is a fine sensor for
ROS and participates in anti-oxidative responses and
[51]
ROS-dependent cell death .
It is known that the activity of PRDX1 can be
regulated by some post-translational modifications.
For example, phosphorylation of PRDX1 on Thr90 or
[53-55]
Ser32 reduced its peroxidase activity
. Acetylation
[56]
of PRDX1 on Lys197 increased its reducing activity .
Glutathionylation of PRDX1 at Cys52, Cys83, and
[57]
Cys173 inactivated its molecular chaperone function .
Similarly, consequences of SUMOylation can also
modulate the functions and activities of target
proteins. It is widely accepted that SUMOylation can
mask the interaction surface, induce conformational
changes, and create SUMO-dependent interaction
[48]
with downstream effectors . However, due to low
steady-state levels of endogenous protein modification
and isopeptidase activity in nondenaturing lysates,
detection and analysis of SUMOylation are challenged.
Therefore, the SUMOylation of PRDXs had not been
reported yet. To increase the visibility of sumoylated
PRDX1, we added 10 mmol/L N-ethylmaleimide to
our cell lysate buffer to stable SUMO conjugates,
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leading to the discovery of the higher molecular weight
bands of PRDX1. It was known that PRDX1 exhibits
[58]
both nuclear and cytoplasmic localization in cells .
However, PRDX1 has no nuclear localization signals
(NLS) as predicted by PredictNLS (https://www.
predictprotein.org/) and cNLS Mapper (http://nlsmapper.iab.keio.ac.jp/) bioinformatics tools. One of the
roles of SUMOylation is as a molecular switch to control
[59]
the nuclear localization ; therefore, the SUMOylation
of PRDX1 might provide a possible mechanism to
localize PRDX1 to the nucleus. Furthermore, the
downregulation of sumoylated PRDX1 might be
involved in hepatocarcinogenesis. The confirmation
and functions of sumoylated PRDX1 are continuing to
be explored in our laboratory.
In conclusion, our results demonstrated upre
gulation of PRDX1 mRNA in liver cancer is an inde
pendent poor prognostic factor for overall survival.
PRDX1 protein might modified by SUMO in liver
cancer cells to form higher molecular weight bands.
The sumoylated PRDX1 protein was downregulated
in tumor tissues, suggesting its specific functions
may be distinct from the un-modified forms in
hepatocarcinogenesis. Overall, PRDX1 acts as an
“oncogene” in liver cancer cells. It may be a useful
prognostic marker and a promising molecular target
for the therapeutic intervention of liver cancer.

hydrogen peroxide, organic hydroperoxides, and peroxynitrite. Mammalian
cells express six isoforms of PRDXs, which are classified into three subfamilies
based on the location or absence of the essential catalytic cysteine residue.
PRDX1 is the most abundant and ubiquitously distributed isoform.
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Abstract
AIM: To investigate whether dimethyl sulfoxide (DMSO)
inhibits gut inflammation and barrier dysfunction
following zymosan-induced systemic inflammatory
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response syndrome and multiple organ dysfunction
syndrome.
METHODS: Sprague-Dawley rats were randomly
divided into four groups: sham with administration of
normal saline (SS group); sham with administration
of DMSO (SD group); zymosan with administration
of normal saline (ZS group); and zymosan with
administration of DMSO (ZD group). Each group
contained three subgroups according to 4 h, 8 h,
and 24 h after surgery. At 4 h, 8 h, and 24 h after
intraperitoneal injection of zymosan (750 mg/kg),
the levels of intestinal inflammatory cytokines [tumor
necrosis factor-alpha (TNF-α) and interleukin (IL)-10]
and oxides (myeloperoxidase, malonaldehyde, and
superoxide dismutase) were examined. The levels
of diamine oxidase (DAO) in plasma and intestinal
mucosal blood flow (IMBF) were determined.
Intestinal injury was also evaluated using an intestinal
histological score and apoptosis of intestinal epithelial
cells was determined by deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay. The intestinal
epithelial tight junction protein, ZO-1, was observed by
immunofluorescence.
RESULTS: DMSO decreased TNF-α and increased
IL-10 levels in the intestine compared with the ZS
group at the corresponding time points. The activity
of intestinal myeloperoxidase in the ZS group was
higher than that in the ZD group 24 h after zymosan
administration (P < 0.05). DMSO decreased the content
of malondialdehyde (MDA) and increased the activity of
superoxide dehydrogenase (SOD) 24 h after zymosan
administration. The IMBF was lowest at 24 h and was
49.34% and 58.26% in the ZS group and ZD group,
respectively (P < 0.05). DMSO alleviated injury in
intestinal villi, and the gut injury score was significantly
lower than the ZS group (3.6 ± 0.2 vs 4.2 ± 0.3, P <
0.05). DMSO decreased the level of DAO in plasma
compared with the ZS group (65.1 ± 4.7 U/L vs 81.1 ±
5.0 U/L, P < 0.05). DMSO significantly preserved ZO-1
protein expression and localization 24 h after zymosan
administration. The TUNEL analysis indicated that the
number of apoptotic intestinal cells in the ZS group was
much higher than the ZD group (P < 0.05).
CONCLUSION: DMSO inhibited intestinal cytokines
and protected against zymosan-induced gut barrier
dysfunction.
Key words: dimethyl sulfoxide; Zymosan; Inflammation;
Intestinal barrier; Tight junction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We examined whether the administration of
dimethyl sulfoxide (DMSO) inhibited zymosan-induced
intestinal inflammation and barrier dysfunction to
provide an experimental basis for the use of DMSO in
protecting intestinal barrier function. We found that
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DMSO can inhibit intestinal cytokines and protect
against zymosan-induced gut barrier dysfunction.
Li YM, Wang HB, Zheng JG, Bai XD, Zhao ZK, Li JY, Hu
S. Dimethyl sulfoxide inhibits zymosan-induced intestinal
inflammation and barrier dysfunction. World J Gastroenterol
2015; 21(38): 10853-10865 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i38/10853.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i38.10853

INTRODUCTION
A large number of bacteria and viruses is found in the
human intestine, and the intestinal mucosal barrier
is the most important defense mechanism in the
body. Intestinal mucosal barrier integrity can separate
the luminal content from the body and prevent
intestinal bacteria and endotoxin translocation. The
intestinal mucosal barrier is composed of a mechanical
barrier, immunological barrier, biological barrier,
and chemical barrier. A decline in intestinal mucosal
barrier function allows luminal bacteria, toxins, and
other macromolecules, such as antigens, into the
body, which is a key initiation factor in intestinal
inflammation and deterioration. Increased permeability
exposes the mucosal immune system in the intestinal
lumen to foods and bacterial antigens, which stimulate
the immune system and lead to the occurrence of gut
inflammation.
A growing body of evidence indicates that intestinal
ischemia plays a critical role in the development of
[1,2]
excessive inflammatory-induced organ dysfunction .
When intestinal permeability and tight junction proteins
are damaged, the gut becomes a source of proinflammatory mediators, which may amplify systemic
inflammatory response syndrome (SIRS) and induce a
septic state and distant organ failure. Moreover, it can
lead to multiple organ dysfunction syndrome (MODS)
[3-5]
and even death
. In the pathogenesis of MODS
induced by an uncontrolled systemic inflammatory
response, the intestine is the first organ to be affected
and is one of the most easily damaged organs in the
pathological process.
Research shows that when the intestine is ischemic,
infected, or inflamed, bacteria and their toxins can
rapidly activate originally static functions of intestinal
innate macrophages to produce large amounts of
pro-inflammatory cytokines. These pro-inflammatory
factors cause further aggregation of monocytes
and polymorphonuclear leukocytes in the intestinal
microcirculation and intestinal tissue and release
more inflammatory cytokines, oxygen free radicals,
[1,6]
and inhibit gastrointestinal motility medium
.
This response causes excessive inflammation of the
intestine, mucosal edema, intestinal barrier dysfunction,
and intestinal paralysis, triggering intestinal bacteria
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and endotoxin translocation and gut-derived sepsis
and MODS. Thus, effectively inhibiting the production
of intestinal pro-inflammatory cytokines and reducing
the production of inflammatory cytokines and oxygen
free radicals to protect intestinal tissue from excessive
inflammatory damage is significantly important.
However, available drugs that protect gut barrier
function due to excessive inflammatory response are
limited.
Dimethyl sulfoxide (DMSO), a hydrophile-lipophile
molecule, has anti-inflammatory, analgesic,
diuretic, and vasodilatation activity, improves the
microcirculation, and affects platelet aggregation
[7]
hypertonicity . Due to its anti-inflammatory properties,
DMSO has also been evaluated in the treatment of
[8]
inflammatory diseases such as cystitis and arthritis .
In addition, DMSO has been approved by the United
States Food and Drug Administration for the treatment
[9,10]
of interstitial cystitis by bladder instillation
.
Therefore, this study aimed to determine whether the
administration of DMSO inhibited zymosan-induced
intestinal inflammation and barrier dysfunction and to
provide an experimental basis for the use of DMSO in
protecting intestinal barrier function.

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (8-10 wk, 251.5 ± 8.7 g)
were purchased from the Experimental Animal Center
of Military Medical Sciences of the Chinese People’s
Liberation Army (PLA). The rats were housed in mesh
cages in a room maintained at 25 ℃, illuminated
by a 12:12 h light-dark cycle, and provided with
standard rodent chow and water ad libitum. The rats
were fasted overnight and allowed free access to
water up to 4 h before surgery. The Committee of
Scientific Research of the First Hospital Affiliated to the
Chinese PLA General Hospital, China approved all the
research protocols. The experiments were conducted
in compliance with the Guide for Care and Use of
Laboratory Animals of the National Research Council,
China.

Animal model

After sterilization of the abdomen, an intraperitoneal
injection of high-dose zymosan (750 mg/kg) was
administered followed by a subcutaneous injection of
DMSO (3 mL/kg, diluted in saline 1:2) or normal saline
(3 mL/kg) 1 h after zymosan administration. The
animals were allowed to breathe spontaneously under
a nose cone scavenging system, using a veterinary
anesthesia delivery system (Kent Scientific TOPO,
Torrington, CT, United States). Rectal temperature was
maintained at 37 ℃ with a heating pad and a heating
lamp. Following the injection of zymosan, the animals
developed acute peritonitis. The rats were very ill
during the first day, as shown by ruffled fur, skin
folds, lethargy, diarrhea, high body temperature, and
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[11]

decreased body weight

.

Zymosan preparation

Zymosan (Sigma Chemical, St. Louis, MO, United
States) was accurately weighed, and the appropriate
volume of sterile saline was added to produce a
zymosan suspension of 60 mg/mL. A high frequency
magnetic stirrer was used to stir the suspension until
blended. Disinfection was carried out in a 100 ℃ water
bath for 80 min, and the suspension was then cooled
to room temperature. The suspension was heated
to 40 ℃, and high-frequency vibration blending was
performed before use. The zymosan suspension was
then injected intraperitoneally at the dose of 750 mg/kg.

Animal grouping and treatment

All the animals underwent the same procedure and
were then randomly divided into four groups, weighed,
and scored. In the ZS group and ZD group, an
intraperitoneal injection of high-dose zymosan (750
mg/kg) was administered followed by a subcutaneous
injection of DMSO (3 mL/kg, diluted in saline 1:2) in
the ZD group and normal saline (3 mL/kg) in the ZS
group 1 h after zymosan administration. In the SS
group and SD group, an intraperitoneal injection of
normal saline was administered in each group and
then 1 h later a subcutaneous injection of DMSO (3
mL/kg, diluted in saline 1:2) was administered in
the ZD group and normal saline (3 mL/kg) in the
ZS group. The SS group and SD group were treated
as the surgery and drug controls, respectively. Each
group was divided into three subgroups, according
to 4 h, 8 h, and 24 h after injury. In total, there were
12 subgroups (four groups with four time points
each), with eight samples in each subgroup. Because
the model has a 50% mortality rate at 24 h, each
subgroup consisted of 16-20 rats. From the surviving
rats, eight animals from each subgroup were randomly
selected for the final analysis.

Blood and intestine samples

The rats were anesthetized by inhalation of 3%
isoflurane (Yeeran Technology Limited, Beijing, China),
and the aorta was punctured and exsanguinated at
4 h, 8 h, and 24 h after surgery. For diamine oxidase
(DAO), blood was collected, and plasma was obtained
by centrifuging the blood at 10000 g for 10 min at
4 ℃. The animals were sacrificed, and the distal small
intestine was harvested. Segments of distal small
intestine were fixed in 4% paraformaldehyde for
histologic evaluation, deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) analysis, and
immunofluorescent staining. Segments of the distal
small intestine stored at -40 ℃ for enzyme linked
immunosorbent assay (ELISA).

Determination of tumor necrosis factor alpha and
interleukin-10 levels in intestine

Intestine tissue (100 mg) in 1 mL phosphate-buffered
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saline (PBS) was homogenized at 4 ℃ with a Polytron
homogenizer. After centrifugation at 10000 g at 4 ℃
for 10 min, the supernatants were collected. Tumor
necrosis factor alpha (TNF-α) and interleukin (IL)-10
in the intestine supernatants were quantified with a
commercial ELISA kit (Nanjing Jiancheng Corp., China)
according to the manufacturer’s instructions. Intestinal
TNF-α and IL-10 levels were expressed as picograms
per milligram of protein.

Determination of intestinal tissue myeloperoxidase
activity

Intestinal tissue myeloperoxidase (MPO) activity was
determined using a kit according to the manufacturer’s
instructions. The tissue homogenate and reagent were
placed in a water bath at 60 ℃ for 10 min after being
thoroughly mixed. The absorbance value of each tube
was then determined at 460 nm immediately after
removal from the water bath. The activity of MPO in
the intestine was calculated according to the following
formula: MPO (U/weight grams) = [determination
optical density (OD) value - control OD value]/11.3 ×
sample volume (g).

Determination of malonaldehyde content in intestine

Intestinal malonaldehyde (MDA) was determined using
a kit according to the manufacturer’s instructions. The
tissue homogenate and reagent were placed in a water
bath at 95 ℃ for 40 min after being thoroughly mixed.
After cooling, the mixture was centrifuged at 4000 r/m
for 10 min. The absorbance value of each supernatant
was then determined at 532 nm immediately after
removal from the water bath. The content of MDA in
the intestine was calculated according to the following
formula: MDA (nmol/mgProt) = {[(determination tube
absorbance - blank tube absorbance)/(standard tube
absorbance - blank tube absorbance)] × standard
concentrations}/protein content.

Determination of superoxide dismutase activity in
intestine

Intestinal superoxide dismutase (SOD) activity was
determined using a kit according to the manufacturer’s
instructions. The tissue homogenate and reagent were
placed in a water bath at 37 ℃ for 40 min after being
thoroughly mixed. After 10 min at room temperature,
the absorbance value of each supernatant was
determined at 550 nm. The activity of SOD in the
intestine was calculated according to the following
formula: SOD (U/mL) = [(control tube absorbance
- determination tube absorbance)/control tube
absorbance]/(50% × reaction system dilution multiple
× sample dilution multiple).

Measurement of intestinal mucosal blood flow

A laser Doppler flowmeter (Perimed AB; Stockholm,
Sweden) was used to monitor intestinal mucosal
blood flow (IMBF) at 4 h, 8 h, and 24 h after surgery.
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The probe of the blood flow meter was aimed at the
proximal jejunum, and the laser was focused on the
mesentery. The flow signal was measured for 30 s,
and a 10-s stable signal was selected to calculate the
mean value expressed in the blood perfusion unit
(BPU).

Histopathologic score

Segments of the distal ileum were fixed in 4%
paraformaldehyde for 48 h, embedded in paraffin,
and sectioned. Hematoxylin and eosin staining of the
intestine was performed after deparaffinization and
rehydration. Two pathologists, who were blinded to
the experimental groups, viewed and evaluated the
sections under a light microscope. Three randomly
selected fields from each specimen were graded using
a scoring system that characterized gut injury on a
[12]
scale of 0 to 4, as developed by Chiu et al .

Intestinal epithelial permeability

Determination of DAO activity was performed to assess
gut barrier function. The activity of DAO was evaluated
using an assay kit (Jiancheng Biotech Ltd., Nanjing,
China) according to the manufacturer’s instructions.

Immunofluorescence

After deparaffinization, the intestine sections were
rehydrated and incubated in citrate buffer (Zhongshan
Jinqiao Biotechnology Co., Ltd., Beijing, China) for
heat-induced antigen retrieval. After three washes
with PBS, the sections were incubated with 3%
bovine serum albumin (BSA) (Zhongshan Jinqiao
Biotechnology Co., Ltd., Beijing, China) for 30 min
to block nonspecific binding sites. The sections were
then incubated with the ZO-1 antibody (1:100; Life
Technologies, Gaithersburg, MD, United States) at 4 ℃
overnight. The following day, after washing with PBS
three times, the sections were treated with Alexa Fluor
488 secondary goat anti-rabbit antibody in 1% BSA
for 1 h at room temperature followed by three washes
with PBS. Sections were mounted using Antifade
Solution (Applygen Technologies Inc., Beijing, China).
The negative control was incubated with PBS instead of
the ZO-1 antibody, and the other steps were the same
as above. Images were viewed using an Olympus
fluorescence microscope (BX51-DP71, Center Valley,
PA, United States) with exposure-matched settings.

TUNEL analysis

TUNEL analysis was performed using the In Situ
Cell Death Detection kit (Roche Diagnostics GmbH.,
Penzberg, Germany) according to the manufacturer’s
instructions. Segments of the distal ileum were fixed in
4% paraformaldehyde for 48 h, embedded in paraffin,
and sectioned. The sections were incubated with
pepsin digestion liquid in a wet box for 60 min after
deparaffinization and rehydration. After two washes,
100 L DNase 1 (1500 U/mL) was added to the positive
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Figure 1 Tumor necrosis factor-α and interleukin-10 levels in rat intestine at 4, 8, and 24 h after intraperitoneal injection of zymosan. Intestine samples
were obtained at 4, 8, and 24 h after intraperitoneal injection of zymosan. Data are expressed as mean ± SD (n = 8 per group at each time point). aP < 0.05 vs group
SS and group SD; bP < 0.05 vs group ZS. TNF-α: Tumor necrosis factor-α; IL-10: Interleukin-10; DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal
saline; SD: Sham with administration of DMSO; ZS: Zymosan with administration of normal saline; ZD: Zymosan with administration of DMSO.
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Figure 2 Activity of intestinal myeloperoxidase. Data are expressed as
mean ± SD. aP < 0.05 vs group SS and group SD, bP < 0.05 vs group ZS (n
= 8 per group at each time point). MPO: Myeloperoxidase; DMSO: Dimethyl
sulfoxide; SS: Sham with administration of normal saline; SD: Sham with
administration of DMSO; ZS: Zymosan with administration of normal saline; ZD:
Zymosan with administration of DMSO.

control group and incubated in a wet box for 20 min.
Fifty μL TUNEL reaction mixture solution (50 L enzyme
solution + 450 L label solution) was added to the
positive control group and the experimental group,
and 50 L label solution was added to the negative
control group. The sections were incubated in the dark
in the wet box for 60 min. Differential interference
contrast microscopy images were then obtained at
400 × magnification following the random selection
of intestinal mucosa in five non-overlapping regions.
The number of apoptotic intestinal mucosa cells and
total intestinal mucosa cells were counted, and then
the cell apoptosis rate was determined by the following
equation: cell apoptosis rate = the number of apoptotic
cells/total cells × 100%.

Statistical analysis

Data were analyzed using a commercial statistical
software package (SPSS Statistics 17.0, Chicago, IL,
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Figure 1 illustrates the effect of DMSO on TNF-α and
IL-10 levels in rat intestine following intraperitoneal
administration of zymosan. Zymosan induced increases
in TNF-α and IL-10 in intestinal homogenates relative
to saline treated controls, and DMSO reduced TNF-α
levels and increased IL-10 levels in zymosan treated
animals. The TNF-α and IL-10 levels in group ZS
and group ZD were significantly higher than those in
group SS and group SD (P < 0.05) following zymosan
administration. The content of TNF-α in group ZD was
significantly lower than that in group ZS at 4 h and 8
h (P < 0.05), while the IL-10 level in group ZD was
higher than that in group ZS at all time points.

DMSO decreases intestinal MPO activity

The activity of MPO in group ZS and group ZD was
significantly different from that in group SS and
group SD. A significant decrease in MPO in group
ZD compared with group ZS was observed at 24 h
(P < 0.05). This indicated that DMSO reduced the
accumulation of neutrophils in the gut (Figure 2).

DMSO lowers intestinal MDA content and SOD activity

The MDA content and SOD activity were significantly
increased after intraperitoneal injection of zymosan.
Both MDA content and SOD activity increased with
time and were highest at 24 h. Furthermore, MDA
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Figure 3 Activity of superoxide dismutase and the content of malonaldehyde in rat intestine. Data are expressed as mean ± SD. aP < 0.05 vs group SS and
group SD, bP < 0.05 vs group ZS (n = 8 per group at each time point). SOD: Superoxide dismutase; MDA: Malonaldehyde; DMSO: Dimethyl sulfoxide; SS: Sham
with administration of normal saline; SD: Sham with administration of DMSO; ZS: Zymosan with administration of normal saline; ZD: Zymosan with administration of
DMSO.
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Figure 4 Effect of DMSO on intestinal mucosal blood flow. Data are
expressed as mean ± SD (n = 8 per group at each time point).aP < 0.05 vs
group SS and group SD; bP < 0.05 vs group ZS. IMBF: Intestinal mucosal blood
flow; DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal saline;
SD: Sham with administration of DMSO; ZS: Zymosan with administration of
normal saline; ZD: Zymosan with administration of DMSO.

content in group ZD was lower than that in group ZS,
and SOD activity was highest at 24 h in group ZD (P
< 0.05). This indicated that DMSO decreased MDA
content, increased SOD activity, and reduced the
damage caused by lipid peroxidation (Figure 3).

DMSO increases IMBF

IMBF in group SS and group SD was not significantly
different at 4 h, 8 h, and 24 h. IMBF in group ZS
and group ZD was significantly lower than that in
group SS and group SD (P < 0.05) after zymosan
administration. The lowest level in group ZS and group
ZD, was 46.29% of that in group SS and 62.21% of
that in group SD, respectively, at 24 h. The levels of
IMBF in group ZD were significantly higher than those
in group ZS at 8 h and 24 h (P < 0.05). These results
indicated that DMSO improved IMBF and intestinal
perfusion (Figure 4).
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Histologic evaluation of intestinal mucosa was
[12]
performed based on Chiu’s grading system .
Histopathologic analysis of the sham group (sham +
SS and sham + SD) showed a normal mucosal pattern.
The villi were packed, tall, and intact. Compared with
the sham group, intraperitoneal injection of zymosan
caused significant mucosal damage. The intestinal villi
became erosive, hyperemic, edematous, and atrophic.
The villous stroma was full of inflammatory cells, and
epithelial cell villi showed necrosis and exfoliation.
These effects increased with time. No significant
difference was observed between group ZS and group
ZD at 4 h (P > 0.05). However, DMSO treatment
significantly attenuated mucosal damage at 24 h (P <
0.05) (Figures 5 and 6).

DMSO lowers the release of DAO

The activity of DAO in group SS and group SD was
not significantly different. The activity of DAO in
group ZS and group ZD was significantly higher
than that in group SS and group SD (P < 0.05) after
zymosan administration. The activity was highest at
24 h in group ZS (81.10 ± 5.01 U/L) and group ZD
(65.09 ± 4.74 U/L) and increased to 73.58% and
67.08% of group SS (21.43 ± 3.12 U/L) and group
SD (21.43 ± 3.12 U/L), respectively. The activity of
DAO in group ZD was significantly lower than that in
group ZS (P < 0.05) at 8 h and 24 h. These results
indicate that DMSO reduced the release of DAO into
the bloodstream and protected intestinal structure and
function (Figure 7).

DMSO prevents loss and redistribution of ZO-1

To assess the effects of DMSO on the expression of
ZO-1, a tight junction protein, immunoflourescence
was performed. Exposure-matched fluorescent
intensity correlated with ZO-1 protein expression
after immunostaining. In the sham group, ZO-1 was
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Figure 5 Intestinal histology. Dimethyl sulfoxide protected against intestinal injury following intraperitoneal injection of zymosan. Sections of the distal ileum were
harvested at 4, 8, and 24 h after intraperitoneal injection of zymosan and stained with hematoxylin and eosin. All images were obtained at × 200 magnification with the
black bar = 5 μm (n = 8 per group). DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal saline; SD: Sham with administration of DMSO; ZS: Zymosan
with administration of normal saline; ZD: Zymosan with administration of DMSO.

densely and continuously distributed along the apical
membrane of epithelial cells (Figure 8). The expression
pattern of ZO-1 was similar in group SS and group
SD at all time points. Intraperitoneal administration
of zymosan caused a loss of ZO-1 expression at 8 h
(Figure 8), and zymosan-induced loss of ZO-1 was
more pronounced at 24 h, resulting in a low expression
of ZO-1 at the cell periphery (Figure 8). The pattern
of ZO-1 expression in group ZS was lower than that
in group SS at 8 h and 24 h. Following treatment
with DMSO, the loss of ZO-1 was attenuated, and the
level of ZO-1 continually improved 8 and 24 h after
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intraperitoneal administration of zymosan (Figure
8). Intraperitoneal zymosan (ZS group) resulted in
a significant reduction in intestinal ZO-1 expression
and DMSO treatment (ZD group) attenuated the
degradation of ZO-1 at 8 and 24 h.

DMSO decreases apoptosis in the intestine

The rate of apoptosis in intestinal tissues in group
SS and group SD were not significantly different,
and the rate of apoptosis in intestinal cells in group
ZS and group ZD was significantly higher than that
in the sham control group (all P < 0.05). The rate
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Figure 6 Gut injury scores. Gut injury was scored by a pathologist blinded
to the experimental groups on a scale of 0-4, (as described in Materials and
Methods). aP < 0.05 vs group SS and group SD, bP < 0.05 vs group ZS (n = 8
per group at 4, 8, and 24 h after intraperitoneal injection of zymosan). DMSO:
Dimethyl sulfoxide; SS: Sham with administration of normal saline; SD: Sham
with administration of DMSO; ZS: Zymosan with administration of normal saline;
ZD: Zymosan with administration of DMSO.

of apoptosis increased with time after zymosan
administration. The rate of apoptosis in intestinal
tissues in group ZD was significantly lower than that in
group ZS (P < 0.05) at all time points. These results
indicate that DMSO may inhibit intestinal cell apoptosis
(Figure 9).

DISCUSSION
MODS refers to the clinical syndrome of simultaneous
or sequential dysfunction of two or more organs
leading to an unstable internal environment after
[13]
severe trauma, shock, and infection . Under
physiological conditions, the body maintains a balance
between pro-inflammatory and anti-inflammatory
reactions, as a protective response against foreign
invasion. Pro-inflammatory factors initiate and
promote inflammation and injury to the body through
the release of “aggressive” inflammatory mediators.
Anti-inflammatory cytokines are released by proinflammatory cytokines and are involved in defense
and promote anti-inflammatory reactions and tissue
repair. However, when the pro-inflammatory or
inflammatory reaction is too strong or too weak, the
body is in a state of immune hyperfunction or immune
suppression, the inflammatory response cannot be
controlled, and homeostasis is disrupted. Infection,
trauma, and ischemia reperfusion injury results in the
excessive activation of inflammatory cells, such as
macrophages, neutrophils, and endothelial cells, with
the excessive release of inflammatory mediators. This
causes the “waterfall effect”, inducing a SIRS, and, if
[14-16]
not treated, leads to multiple organ dysfunction
.
Therefore, the balance between pro-inflammatory
mediators and anti-inflammatory factors determines
the prognosis of the disease, and the imbalance
between the two types of cytokines is an important
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Figure 7 Effect of dimethyl sulfoxide on diamine oxidase in plasma.
Blood samples and intestinal samples were obtained at 4, 8, and 24 h after
intraperitoneal administration of zymosan. DMSO protected the intestine from
an increase in permeability. aP < 0.05 vs group SS and group SD, bP < 0.05 vs
group ZS. DAO: Diamine oxidase; DMSO: Dimethyl sulfoxide; SS: Sham with
administration of normal saline; SD: Sham with administration of DMSO; ZS:
Zymosan with administration of normal saline; ZD: Zymosan with administration
of DMSO.

cause of further development of SIRS and MODS.
Zymosan is a substance derived from the cell wall
of the yeast Saccharomyces cerevisiae. Intraperitoneal
injection of zymosan in mice or rats leads to systemic
inflammation and organ damage by inducing a wide
range of inflammatory mediators of the complement
[17]
[18]
system , prostaglandins and leukotrienes , platelet
[19]
[20]
aggregation factor , oxygen radicals , and lysosomal
[21]
enzymes . In the mid-1980s, the zymosan-induced
generalized inflammation (ZIGI) model was first
[22]
introduced by Goris . To date, the ZIGI model is
recognized as the best model as it resembles human
MODS and has been widely used to study systemic
[23,24]
inflammation in relation to organ failure. Cuzzocera
administered intraperitoneal zymosan to animals,
inducing acute peritonitis and multiple organ damage
within 18 h. Inflammatory lesions play a role in the
process of systemic inflammation and multiple organ
damage induced by zymosan. Zymosan induces
the excessive release of inflammatory mediators,
damages vascular endothelial cells, and slows blood
flow. Inflammatory cells and platelets adhere to the
endothelium, and leukocytes migrate into the gap,
releasing a variety of inflammatory transmitters, that
damage the endothelial barrier and tissue.
After intraperitoneal injection of zymosan, proinflammatory factors and anti-inflammatory factors in
the blood increase significantly, and the uncontrolled
synthesis and release of these factors induce SIRS.
In recent years, research has shown that DMSO
can inhibit the activation of nuclear factor-kappa B
(NF-κB) stimulated by lipopolysaccharide in mouse
[25]
[26]
macrophages
and intestinal Caco-2 cells ,
lower mRNA expression of cytokines, and reduce
the biological activity of TNF. DMSO inhibits the
activation of rat NF-κB in sepsis, the expression of
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Figure 8 Intestinal ZO-1 immunofluorescent staining at 4 h, 8 h, and 24 h after injection of zymosan. Animals in group ZS showed low fluorescent intensity
at the cell periphery after intraperitoneal injection of zymosan, and DMSO administration resulted in preservation of ZO-1 staining. All images were taken at × 400
magnification with the black bar = 5 μm (n = 5 per group). DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal saline; SD: Sham with administration of
DMSO; ZS: Zymosan with administration of normal saline; ZD: Zymosan with administration of DMSO.

the intracellular adhesion molecule-1 (ICAM-1) gene,
and the expression of inflammatory factors, such as
[27]
TNF-α . Following selective inhibition of the nod-like
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receptor family pryin domain containing-3 (NLRP3)
inflammatory complex, inhibition of mature IL-1,
casP1, casP1 activity, and ASC pyroptosomes, DMSO
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Figure 9 Effect of dimethyl sulfoxide on the percentage of apoptotic intestinal cells by the TUNEL assay. TUNEL stained paraffin sections from rats at 4,
8, and 24 h (original magnification, × 400). Dimethyl sulfoxide inhibited intestinal cell apoptosis. aP < 0.05 vs group ZD, bP < 0.05 vs group ZS. DMSO: Dimethyl
sulfoxide; SS: Sham with administration of normal saline; SD: Sham with administration of DMSO; ZS: Zymosan with administration of normal saline; ZD: Zymosan
with administration of DMSO.

was further confirmed to have anti-inflammatory
effects in animal sepsis and inflammatory bowel
[28]
disease models .
TNF-α is the primary initiator of the inflammatory
cytokine cascade during SIRS, and IL-10 is considered
to be the most important anti-inflammatory cytokine
in vivo. The increase in TNF-α, a positive feedback
response following activation of NF-κB, upregulates
the expression and release of cytokines, such as IL-2
and ICAM-1, and plays a role in causing inflammatory
damage to tissues. DMSO reduces the formation of
inflammatory mediators, localizes the inflammatory
response, and controls the systemic inflammatory
response in the appropriate range, preventing the
development of SIRS and even MODS. IL-10 inhibits
the activity of NF-κB in at least two ways: (1) DMSO
prevents the dissociation of NF-κB and protein IkappaB
(Iκβ) by inhibiting the activity of Iκβ kinase; and (2)
DMSO inhibits the combination of NF-κB with the DNA
transcriptional regulatory region, thereby inhibiting
the transcription of corresponding inflammatory
[29,30]
factors
.
In the present study, zymosan induced peri
tonitis, ascites leakage, and intestinal edema and
significantly reduced intestinal blood flow, decreased
the expression of intestinal tight junction protein
ZO-1, increased intestinal permeability, which were
correlated with the release of pro-inflammatory factors
such as TNF-α. After the administration of DMSO,
intestinal inflammatory factor TNF-α was significantly
decreased, and IL-10, blood flow, and expression of
ZO-1 were increased, indicating that DMSO decreased
the synthesis and release of inflammatory factor
TNF-α and increased the release of IL-10 to alleviate
inflammatory damage caused by these factors.
Previous studies have shown that macrophage Toll-like
receptor 2 combined with zymosan leads to activation
of NF-κB and generation of the pro-inflammatory
[31,32]
factor TNF-α
. In this study, DMSO inhibited the
synthesis and release of TNF-α, indicating that DMSO
is likely to inhibit the activation of NF-κB and reduce
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the synthesis and release of TNF-α.
The activity of MPO in tissues reflects the aggre
gation of neutrophils at inflammatory sites. After
intraperitoneal injection of zymosan, intestinal MPO
activity significantly increased with time, as demon
strated by the aggregation of neutrophils in the
intestine. However, the effect of DMSO on neutrophil
activity and white blood cell count was not significant,
with only some effects at 24 h. DMSO may inhibit the
oxidative stress reaction mediated by neutrophils to
alleviate injury caused by zymosan.
After intraperitoneal injection of zymosan, viscera
microcirculation blood flow decreased, and the tissue
was ischemic and anoxic and produced a large number
of free radicals. Therefore, the animals continued to be
in a state of oxidative stress, endogenous antioxidant
enzyme activity was reduced, and the body's reduction/
oxidation system balance was disrupted. MDA is the
main metabolite in lipid peroxidation, and its content
can reflect the degree of lipid peroxidation and indirectly
[33]
reflect the degree of oxidative damage . Previous
research showed that DMSO can reduce MDA and
NO levels, inhibit or increase the level of glutathione,
and alleviate liver injury and ischemia reperfusion[34,35]
induced transaminase release
. DMSO can also
[36]
reduce renal damage caused by HgCl2 . In addition,
SOD is an important antioxidant enzyme in organisms
and the primary enzyme involved in scavenging free
radicals. Oxygen free radicals can activate NF-κB, thus
a reduction in oxidative products and an improvement
in antioxidant enzymes decrease the serum and
tissue levels of pro-inflammatory cytokines and
[37]
protect organ function . In this study, intraperitoneal
injection of zymosan increased MDA content and SOD
activity in the intestine, while subcutaneous injection
of DMSO suppressed the increase in MDA and SOD.
These results demonstrate that DMSO can reduce the
damage caused by visceral lipid peroxidation mediated
by oxygen free radicals.
Cell apoptosis regulates body development
and maintains a stable internal environment via a
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series of genes that control the process of active cell
death. Intestinal mucosal epithelial cell proliferation,
differentiation, and apoptosis are processes of
dynamic change. However, the balance is disrupted
in inflammatory bowel disease, where the occurrence
and scope of epithelial cell apoptosis is higher than that
[38]
in normal tissue . Epithelial cell apoptosis is mainly
due to activation of the Fas/Fas ligand (FasL) signal
[39,40]
transduction pathway and both Bcl-2 and Bax
.
In this study, intestinal epithelial cell apoptosis was
increased following intraperitoneal administration of
zymosan and was reduced by DMSO, however, the
specific mechanism involved in the effect of DMSO
requires further study.
In conclusion, DMSO reduced intestinal tissue
injury after intraperitoneal injection of zymosan,
restored intestinal blood flow, and protected intestinal
function. The mechanism likely involves regulation
of the balance between pro-inflammatory and antiinflammatory factors, inhibition of peroxidation in
organs, oxygen free radical scavenging, reduction in
intestinal epithelial cell apoptosis, and alleviation of
intestinal function damage.
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zymosan-induced intestinal inflammation and barrier dysfunction. Regulation
of the balance between pro-inflammatory and anti-inflammatory reactions
and inhibition of excessive oxidation are considered possible mechanisms
underlying DMSO regulation of zymosan-induced intestinal barrier function.

Applications

These study results provide possible mechanisms of DMSO regulation of
intestinal barrier function after zymosan-induced systemic inflammatory
response syndrome and MODS.

Terminology

Intestinal barrier function: refers to the function of the intestine in preventing
harmful substances, such as bacteria and toxins, from entering the intestinal
mucosa, other organs, and the blood circulation. The normal intestinal mucosal
barrier is composed of a mechanical barrier, chemical barrier, immunologic
barrier, and biological barrier. Inflammation of the intestine: Intestinal ischemia,
infection, and inflammation can activate intestinal inflammatory cells to release
many cytokines and oxygen free radicals and inhibit gastrointestinal motility
medium, resulting in excessive inflammation, mucosal edema, and intestinal
barrier damage. DMSO is a hydrophile-lipophile molecule and is widely used
as a solvent for biological compounds. It has anti-inflammatory, analgesic,
diuretic, and vasodilatation activity, improves the microcirculation, and affects
platelet aggregation hypertonicity. Zymosan: zymosan is a substance derived
from the cell wall of the yeast Saccharomyces cerevisiae. It is composed of
polysaccharide chains of various molecular weights and contains approximately
73% polysaccharides, 15% proteins, and 7% lipids and inorganic components.
When injected into animals, it results in inflammation by inducing a wide range
of inflammatory mediators.
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Abstract
AIM: to assess the clinical features of hepatoduodenal
lymph node (HDLN) metastasis and to clarify the
optimal indication of HDLN dissection.
METHODS: We investigated a total of 276 patients
who underwent gastrectomy with extended lympha
denectomy, including HDLN dissection, for gastric
cancer between 1999 and 2012. Of these, 26 patients
(9.4%) had HDLN metastasis. First, we investigated the
clinicopathological characteristics, their perioperative
clinical outcomes, such as postoperative complications,
and prognostic outcomes between patients with and
without HDLN metastasis. Second, we detected the
prognostic factors, particularly in patients with HDLN
metastasis. Third, we assessed the therapeutic value
of HDLN dissection to determine its optimal indication.
RESULTS: The five-year overall survival rate of the
patients with HDLN metastasis was 29%. Univariate
and multivariate logistic regression analyses revealed
that the tumour location (the middle or lower stomach
[P = 0.005, OR = 5.88 (95%CI: 1.61-38.1)] and pT
category [T3 or T4, P = 0.017, OR = 4.45 (95%CI:
1.28-21.3)] were independent risk factors for HDLN
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metastasis. Cox proportional hazard analysis identified
pN3 as an independent poor prognostic factor in the
patients with HDLN metastasis [P = 0.021, HR =
5.17 (95%CI: 1.8-292)]. For patients who underwent
radical HDLN dissection, HDLN metastasis was a
prognostic indicator in pN3 gastric cancer (P < 0.0001),
but not pN1-2 (P = 0.602). Furthermore, the index of
therapeutic value of HDLN dissection for gastric cancer
in the middle or lower stomach and the upper stomach
was 3.4 and 0.0, respectively.
CONCLUSION: We suggest that HDLN dissection
should be indicated for pN1 or pN2 gastric cancers
located at the middle or lower stomach.
Key words: Gastric cancer; Hepatoduodenal lymph
node; D2 lymphadenectomy; Prognostic factor; Tumor
location
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric cancer located at the middle or lower
stomach is a risk factor of hepatoduodenal lymph
node (HDLN) metastasis and indicates relatively high
therapeutic value of HDLN dissection. N-category, in
especially pN3, is an independent poor prognostic
factor in gastric cancer patients with HDLN metastasis.
HDLN dissection should be indicated for N1 or N2
gastric cancers located at the middle or lower stomach.
Imamura T, Komatsu S, Ichikawa D, Kosuga T, Okamoto
K, Konishi H, Shiozaki A, Fujiwara H, Otsuji E. Clinical
characteristics of hepatoduodenal lymph node metastasis in
gastric cancer. World J Gastroenterol 2015; 21(38): 10866-10873
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i38/10866.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i38.10866

MATERIALS AND METHODS

INTRODUCTION
Gastric cancer is one of the most common causes
[1]
of death from cancer worldwide . Recent advances
in diagnostic techniques, less invasive treatment
techniques, and perioperative management have
increased the early detection of gastric cancer and
[1,2]
decreased the mortality and morbidity . Patients
with advanced stage disease, however, still present a
poor prognostic outcome and have a high incidence of
lymph node metastasis. Therefore, nodal status is the
strongest predictor of the prognosis of gastric cancer
patients, and treatment strategy against metastatic
[3-10]
lymph nodes is the most important clinical issue
.
Although radical gastrectomy with lympha
denectomy is recognized as the best strategy for
macroscopic tumour clearance for advanced gastric
cancer, criteria for optimal lymphadenectomy are
different between Eastern and Western countries,
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because of differences in the number of obese
patients, for whom a surgical approach is difficult,
and differences in the epidemiologic characteristics of
[11,12]
gastric cancer
. For example, D1 lymphadenectomy,
which is a dissection of the perigastric lymph nodes,
is mainly performed for advanced gastric cancer in
Western countries, whereas D2 lymphadenectomy,
which is a dissection of the nodes along the celiac
artery and its branches in addition to the perigastric
lymph nodes, is routinely performed for advanced
[12]
gastric cancer in Eastern countries .
Recently, a 15-year Dutch trial demonstrated
fewer locoregional recurrences of gastric cancer and
better long-term survival benefit in patients with D2
lymphadenectomy compared with those with D1
[13]
lymphadenectomy . Therefore, the therapeutic
value of D2 lymphadenectomy has started to be re[14,15]
evaluated in Western countries
. In this study, we
focused on the hepatoduodenal lymph node (HDLN),
especially the lymph node at station No. 12a. This
node is defined as a hepatoduodenal ligament lymph
[16]
node along the proper hepatic artery , and the
[17]
Japanese treatment guidelines
recommend it to
be routinely removed as a standard procedure for D2
lymphadenectomy. On the other hand, the HDLN is not
removed in Western countries, and HDLN metastasis
th
is classified as distant metastasis according to the 7
American Joint Committee on Cancer (AJCC) staging
[18]
manual , although a recent report indicates the
inappropriateness of including the HDLN in the distant
[19]
metastatic lymph node group in all gastric cancers .
In this study, we hypothesized that HDLN metas
tasis could be an indicator of poor prognosis in some
subgroups of gastric cancer and that it could also be a
governor of local metastatic control in other subgroups.
We aimed to verify these hypotheses and to clarify the
optimal indication of HDLN dissection retrospectively
from patients’ hospital records.

Study population of gastric cancer patients

A total of 276 consecutive patients that underwent
gastrectomy with HDLN dissection, with curative
intention, for gastric cancer in the Division of Digestive
Surgery, Department of Surgery, Kyoto Prefectural
University of Medicine, between January 1999 and
December 2012 were retrospectively analysed from
their hospital records. Surgical procedures comprised a
distal gastrectomy in 211 patients, a total gastrectomy
in 59 patients, a pancreaticoduodenectomy in 5
patients, and a proximal gastrectomy in 1 patient
according to the preoperative stage and tumour
location. Resected specimens were examined and
evaluated by pathologists based on classifications of
th
[16]
[18]
the 14 JCGC
and the AJCC staging manual . As
a result, 90 patients were staged as pT1, 37 as pT2,
64 as pT3, and 85 as pT4. Histological types were
classified as differentiated (papillary adenocarcinoma,
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Table 1 Comparison of the clinicopathological features between patients with and without hepatoduodenal lymph node metastasis n (%)
n
Total
Sex
Male
Female
Age (yr)
< 65
≥ 65
Tumor location
U
M and L
CA 19-9 (U/mL)
< 10
≥ 10
CEA (ng/mL)
<3
≥3
Histopathological type
Differentiated
Undifferentiated
Venous invasion
(-)
(+)
Lymphatic invasion
(-)
(+)
Tumor size (mm)
< 45
≥ 45
T category
T1 and T2
T3 and T4

HDLN metastasis

Univariate

P value

Multivariate

P value

Positive

Negative

OR (95%CI)

276

26

250

186
90

16 (62)
10 (38)

170 (68)
80 (32)

0.509

-

134
142

10 (38)
16 (62)

124 (50)
126 (50)

0.277

-

64
212

2 (8)
24 (92)

62 (25)
188 (75)

0.029

132
144

9 (35)
17 (65)

123 (49)
127 (51)

0.153

-

195
81

16 (62)
10 (38)

179 (72)
71 (28)

0.295

-

135
141

10 (38)
16 (62)

125 (50)
125 (50)

0.260

-

173
103

12 (46)
14 (54)

161 (64)
89 (36)

0.072

-

105
171

3 (12)
23 (88)

102 (42)
148 (58)

0.002

-

119
157

5 (19)
21 (81)

114 (46)
136 (54)

0.007

-

127
149

3 (12)
23 (88)

124 (50)
126 (50)

< 0.0001

5.88 (1.61-38.1)

4.45 (1.28-21.3)

0.005

0.017

HDLN: Hepatoduodenal lymph node; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; U: Upper gastric body; M: Middle gastric
body; L: Lower gastric body.

or moderately or well-differentiated adenocarcinoma)
or undifferentiated (poorly differentiated or undiffer
entiated adenocarcinoma, signet-ring cell carcinoma,
th
or mucinous adenocarcinoma) based on the 14
[16]
JCGC .
Of all 276 patients, 182 patients (66%) received
adjuvant chemotherapy, but 94 patients (34%) did
not. S-1 or 5-fluorouracil was administered as a key
drug of adjuvant chemotherapy. None of the patients
received adjuvant radiotherapy or chemoradiotherapy.
All patients were examined in the outpatient clinic,
where abdominal ultrasound, computed tomography
(CT), and measurement of levels of carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)
were performed every 3-6 mo after surgery. All
patients gave their informed consent in writing.

survival rates after surgery were compared between
patients with and without HDLN metastasis (Figure
1). Risk factors for HDLN metastasis were also
investigated (Table 1). Moreover, we detected the
prognostic factors, particularly in patients with HDLN
metastasis (Table 3 and Figure 2). Third, we assessed
the therapeutic value of HDLN dissection to determine
its optimal indication (Table 4). The incidence of each
lymph node metastasis was calculated by dividing
the number of patients with pathological lymph node
metastasis by the number of the patients with the
lymph node dissection. The index of therapeutic value
of lymphadenectomy was calculated by multiplying the
incidence of each lymph node metastasis by the fiveyear survival rate of the patients with metastasis at
[20]
each nodal station and then dividing by 100 .

Analysis of surgical outcomes and clinicopathological
factors

Statistical analysis

To reconfirm the feasibility and safety of HDLN dis
section, we first investigated the clinicopathological
characteristics of all patients who underwent HDLN
dissection (Table 1) and their perioperative clinical
outcomes, such as postoperative complications (Table
2). Second, to evaluate the prognostic differences,
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All continuous variables were classified into two groups
based on the median value of each parameter. The
χ 2 test and Fisher’s exact test were used to compare
clinicopathological characteristics between patients with
and without HDLN metastasis. Multivariate stepwise
logistic regression analysis was performed to identify
the independent risk factors associated with HDLN
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A

Table 2 Complications after gastrectomy with extended
lymphadenectomy
n (%)

Anastomotic leakage
Pancreatic fistula
Intra-abdominal abscess
Surgical site infection
Pneumonia
Cholecystitis
Pancreatitis
Hepatic dysfunction
Stenosis at anastomotic site
Ileus
Post-operative hemorrhage

12 (4.3)
8 (2.9)
4 (1.4)
26 (9.4)
4 (1.4)
3 (1.1)
6 (2.2)
2 (0.7)
10 (3.6)
11 (4.0)
2 (0.7)

100
Overall survival rate (%)

Complications

All patients

HDLN metastasis negative
5-yr OS: 72%, (n = 250)

50

HDLN metastasis positive
5-yr OS: 29%, (n = 26)

P < 0.0001 Log-rank test
0

0

1000

2000

Time after survival (d)

RESULTS
Clinicopathological characteristics and perioperative
clinical outcomes in patients who underwent HDLN
dissection

Next, we analysed the long-term prognosis of the
patients. The five-year overall survival (OS) rate of
those with or without HDLN metastasis was 29% or
72%, respectively (p < 0.0001) (Figure 1a). Limited
to node-positive patients, the five-year OS rate of
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Node-positive patients

100

HDLN metastasis negative (n = 119)
5-yr OS: 56%, MST: 29.7 mo

50

HDLN metastasis positive (n = 26)
5-yr OS: 29%, MST: 14.1 mo

P < 0.0001 Log-rank test
0

We investigated clinicopathological characteristics in
the patients who underwent gastrectomy with D2
lymphadenectomy, including HDLN dissection, based
on Japanese guidelines (Table 1). Tumours in the
middle or lower stomach (p = 0.029), tumour size
of 45 mm and more (p = 0.007), the presence of
lymphatic invasion (p = 0.002), and T category of T3
or T4 (p < 0.0001) were more frequently observed
in the patients with HDLN metastasis. Multivariate
stepwise logistic regression analysis identified tumours
in the middle or lower stomach (p = 0.005, OR = 5.88)
and T category of T3 or T4 (p = 0.017, OR = 4.45)
as independent risk factors of HDLN metastasis. We
also analysed complications that were observed after
D2 gastrectomy, including HDLN lymphadenectomy,
which were defined by the Clavien-Dindo classification
[21]
as type Ⅱ or more
(Table 2). The incidence of
anastomotic leakage, pancreatic fistula, and intraabdominal abscess was 4.3%, 2.9%, and 1.4%,
respectively, and these were not as high as those in
[11,22]
previous reports
. One patient (0.3%) died as a
result of surgery.

Long-term prognosis of patients with or without HDLN
metastasis

B

Overall survival rate (%)

metastasis. Survival curves were estimated using
the Kaplan-Meier method, and statistical differences
were examined using the log-rank test. Univariate
and multivariate survival analyses were performed
using the likelihood ratio test of the stratified Cox
proportional hazards model. p < 0.05 was considered
statistically significant.

0

1000

2000

Time after survival (d)

Figure 1 five-year overall survival of gastric cancer patients based on
hepatoduodenal lymph node metastasis. A: All 276 patients analysed in
this study were divided into two groups based on hepatoduodenal lymph node
(HDLN) metastasis. A group with HDLN metastasis (n = 26) and that without
HDLN metastasis (n = 250) were compared. Kaplan-Meier survival curves were
statistically analysed by the log-rank test (p < 0.0001); B: The patients who had
lymph node metastasis (n = 145) were divided into two groups and analysed
as described in panel a (26 patients with HDLN metastasis and 119 patients
without HDLN metastasis, p < 0.0001).

those with or without HDLN metastasis was 29% or
56%, respectively (p < 0.0001) (Figure 1b). Median
survival time (MST) of the node-positive patients with
or without HDLN metastasis was 14.1 mo or 29.7 mo,
respectively (Figure 1b).

Prognostic factors of patients with HDLN metastasis
and correlation between the prognosis and nodal status

We next investigated the prognostic factors of patients
with HDLN metastasis. Univariate analysis revealed
that pN3 patients, whose total number of metastatic
lymph nodes is seven or more, showed significantly
poorer prognosis than pN1 or pN2 patients (p =
0.002, the five-year survival rate of pN3 or pN1-2 was
0% or 62.5%, respectively) (Table 3 and Figure 2a).
Multivariate analysis using the Cox proportional hazard
model showed that pN3 was an independent poor
prognostic factor in patients with HDLN metastasis
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Table 3 Univariate and multivariate analyses of the prognostic factors in patients with hepatoduodenal lymph node metastasis
n

5-yr OS (%)

MST (mo)

Univariate

P value
Sex
Male
Female
Age (yr)
< 65
≥ 65
CA 19-9 (U/mL)
< 10
≥ 10
CEA (ng/mL)
<3
≥3
Tumor location
U
M and L
Histopathological type
Differentiated
Undifferentiated
Venous invasion
(-)
(+)
Lymphatic invasion
(-)
(+)
Tumor size (mm)
< 45
≥ 45
T-category
T1 and T2
T3 and T4
N-category
N1 or N2
N3

Multivariate

P value

HR (95%CI)

26

28.7

14.1

16
10

27.1
25.7

12.2
16.9

0.753

-

10
16

38.1
0

14.1
12.2

0.483

-

17
9

35.7
0

16.9
12.2

0.327

-

16
10

35.8
0

14.1
9.1

0.382

-

2
24

0
30.0

8.7
14.1

0.569

-

10
16

0
40.9

16.9
14.1

0.529

-

12
14

0
16.7

14.1
16.9

0.411

-

3
23

0
26.9

9.1
14.1

0.624

-

5
21

0
31.4

9.1
14.1

0.274

-

3
23

0
31.5

9.1
16.9

0.222

-

10
16

62.5
0

16.8
8.8

0.002

5.17 (1.8-292.7)

0.021

OS: Overall survival; MST: Median survival time; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; U: Upper gastric body; M: Middle
gastric body; L: Lower gastric body.

(p = 0.021, HR = 5.17) (Table 3). Limited to pN1
and pN2 patients analysed, there was no significant
prognostic difference between the patients with and
without HDLN metastasis (p = 0.602) (Figure 2b). On
the other hand, in pN3 patients, the five-year survival
rate of those with or without HDLN metastasis was
0% or 32.2%, and the median survival time (MST) of
those with or without HDLN metastasis was 8.8 mo or
30.2 mo (Figure 2c), suggesting that the prognosis of
those patients with HDLN metastasis was significantly
poorer than that of those without HDLN metastasis (p
< 0.001).

Therapeutic value index and therapeutic benefit of HDLN
dissection

Lastly, we assessed the index of therapeutic value
[20]
of lymphadenectomy
at each nodal station in all
patients who underwent D2 gastrectomy (Table 4).
The therapeutic value of lymphadenectomy of HDLN
was 2.7, which was relatively low in comparison with
those of the perigastric nodes at stations No. 1 to No.
7, which were in the range of 2.7 to 18.2. However,

WJG|www.wjgnet.com

the index of HDLN (No. 12a) for tumours in the middle
or lower stomach was 3.4, which was relatively higher
than that for tumours in the upper stomach, which was
0.0, suggesting that HDLN dissection could provide
some advantages to patients with gastric cancer in the
middle or lower stomach.

DISCUSSION
It is still unclear whether HDLN metastasis is a poor
prognostic indicator or a determining factor of local
metastasis such that its removal by surgery provides
survival benefit. Moreover, the indication of HDLN
dissection is controversial between Eastern and
Western countries. In this study, we hypothesized that
there are some far advanced patient subgroups for
whom HDLN metastasis could be a poor prognostic
indicator, and that there are other subgroups for
whom dissection of HDLN with metastasis could
provide an advantage. To verify these hypotheses, the
clinicopathological factors and survival rates of patients
who underwent HDLN dissection were analysed
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A

P = 0.0024 Log-rank test

100

pN1 or N2 patients
100

N1 or N2 (n =13 )

Overall survival rate (%)

Overall survival rate (%)

B

The patients with HDLN metastasis

5-yr OS: 62.5%, MST: 16.8 mo
50

N3 (n = 13)
MST: 8.8 mo
0

(n = 72, 5-yr OS: 71.1%)

HDLN metastasis (+)

50

(n = 13, 5-yr OS: 62.5%)

P = 0.602 Log-rank test
0

0

1000

2000

0

Time after survival (d)

C

1000

2000

Time after survival (d)

pN3 patients
100

Overall survival rate (%)

HDLN metastasis (-)

P < 0.0001 Log-rank test

HDLN metastasis (-)
(n = 47, MST: 30.2 mo,

50

5-yr OS: 32.2%)
HDLN metastasis (+)
(n = 13, MST: 8.8 mo)

0
0

1000

2000

Time after survival (d)

Figure 2 five-year overall survival curves of gastric cancer patients based on the extent of lymph node metastasis. A: Twenty-six patients who had
hepatoduodenal lymph node (HDLN) metastasis were divided into two groups based on the extent of lymph node metastasis. A group of pathological (p)N1 or N2
(n = 10) and that of pN3 (n = 16) were compared as described in Figure 1 (p = 0.0024); B: All 82 pN1 or N2 patients were divided into two groups based on HDLN
metastasis and analysed as described in Figure 1 (10 patients with HDLN metastasis and 72 patients without HDLN metastasis, p = 0.602); c: All 63 pN3 patients
were analysed as described in Figure 1 (16 patients with HDLN metastasis and 47 patients without HDLN metastasis, p < 0.0001).

retrospectively. Consequently, HDLN metastasis was
clearly identified as a poor prognostic indicator in
patients with a tumour in the upper stomach or with
pN3 gastric cancer, as well as a key factor controlling
local recurrence in patients with pN1and pN2 gastric
cancer.
According to the JCGC and the treatment guide
[16,17]
lines
, the classification of regional lymph nodes
and the indication of lymphadenectomy were defined
by the extent of gastrectomy, regardless of tumour
location. Currently, HDLN is included in the lymph
nodes which are routinely removed in advanced gastric
cancer patients, even when a tumour is located in
the upper stomach. However, our study revealed that
patients with a tumour in the upper stomach as well
as HDLN metastasis had extremely poor prognosis,
and that the index of therapeutic value of HDLN
dissection for those patients was 0.0, suggesting it
provided no advantages, which is consistent with the
[20]
previous report . Thus, HDLN dissection for tumours
in the upper stomach should not be recommended
as a standard procedure of D2 lymphadenectomy.
th
As described above, because the 7 AJCC staging
[18]
manual
defines HDLN metastasis as distant
metastasis, HDLN is not removed in Western countries.
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Our study, however, demonstrated that HDLN
dissection provided a relatively high survival rate to
the patients who had pN1 or pN2 gastric cancer in the
middle or lower stomach, regardless of the presence
of HDLN metastasis (Figure 2 and Table 3). Therefore,
the tumour location is an important factor in making a
preoperative decision about whether HDLN dissection
should be performed.
There is no doubt that differences in treatment
indications for gastric cancer between Eastern and
Western countries are greatly influenced by the
features of cancer biology, epidemiology, and surgical
[11,22-24]
difficulties in those countries
. Concerning tumour
location, the incidence of upper gastric cancer in the
United States (51%) was higher than that in Japan
[22]
(17%) . This might greatly influence the treatment
indication of lymphadenectomy in each country.
Recently, however, the incidence of upper gastric
cancer is increasing in Eastern countries, as shown
in this study [23% (64/276)] (Table 1). Using the
multivariate logistic regression analysis (Table 1) and
the index of therapeutic values (Table 4), we revealed
that the tumour location is an important factor in
making a decision about HDLN dissection. Based
on this, therefore, we suggest that the guidelines
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(MDCT); Pathologic counts = 1.63 × (counts by MDCT)
[30]
+ 2.5 . Based on this formula, 3 or more nodal
counts by MDCT might be considered pN3. Therefore,
for patients with less than 3 putative metastatic
nodal counts by MDCT, who are considered pN1 or
pN2, D2 lymphadenectomy with HDLN dissection
should be performed. On the other hand, for patients
with 3 or more nodal counts by MDCT, neoadjuvant
chemotherapy may be considered as a treatment
choice before surgical resection with extended
lymphadenectomy, including HDLN dissection.
Our study, however, have some limitations. The
population of the cohort was relatively small. A
prospective study may be needed to validate the
indication of HDLN dissection. Therefore, although the
therapeutic value of HDLN dissection for gastric cancer
is currently limited, we would suggest that HDLN
dissection can provide a prognostic benefit to pN1 and
pN2 gastric cancer patients whose tumour is located in
the middle or lower stomach.

Table 4 Index of estimated benefit from hepatoduodenal
lymph node dissection
Nodal station

Incidence of 5-yr OS of patients Index
LNM (%)
with LNM (%)

No. 1
No. 2
No. 3
No. 4sa
No. 4sb
No. 4d
No. 5
No. 6
No. 7
No. 8a
No. 9
No. 10
No. 11p
No. 11d
No. 12a (HDLN)

41.0
16.2
32.2
8.1
6.6
22.9
12.5
19.2
12.8
13.3
19.7
1.2
23.7
0.0
9.4

43.9
45.8
56.4
75.0
40.6
59.8
53.2
60.6
47.5
55.9
32.1
100.0
56.5
NA
28.7

18.0
7.4
18.2
6.1
2.7
13.7
6.7
11.6
6.1
7.4
6.3
1.2
13.4
NA
2.7

No. 12a (HDLN)
No. 12a (HDLN)

Tumor location
U
3.1
M and L
11.3

0.0
30.0

0.0
3.4

The index of therapeutic value of lymph node dissection was calculated
by multiplying the incidence of metastasis by the 5-year survival rate
of patients with metastasis at each nodal station and then dividing
by 10012. OS: Overall survival; LNM: Lymph node metastasis; HDLN:
Hepatoduodenal lymph node; U: Upper gastric body; M: Middle gastric
body; L: Lower gastric body; NA: Not applicable.

should include this factor and should be standardized
worldwide.
Our results indicate that HDLN dissection could
salvage HDLN metastasis in patients with pN2 or
lesser lymph node metastasis, because there was
no significant prognostic difference between the
patients with and without HDLN metastasis (p =
0.602) after radical HDLN dissection. Other studies,
however, reported the potential survival benefit of
lymphadenectomy, such as prophylactic para-aortic
lymph node (PAN) dissection, for curable gastric
[25,26]
cancer in a limited number of patients
, whereas
it was not demonstrated in a randomized clinical trial
[27]
(RCT) (JCOG9501) . Moreover, prospective RCTs,
[28,29]
such as JCOG0001 and JCOG0405
, demonstrated
the survival benefit of neoadjuvant chemotherapy
followed by extended surgery with PAN dissection
for gastric cancer patients with only PAN or bulky N2
metastasis (limited putative pN3 metastasis). Similarly
to these studies, we speculate that the survival benefit
may also be obtained in pN3 patients by neoadjuvant
chemotherapy followed by extended surgery with
HDLN dissection. For this issue, further prospective
studies are warranted.
Our results indicate the significance in making
a decision about HDLN dissection depending on the
tumour location and pathological N-category. However,
there is a major problem in diagnosing metastatic
lymph nodes accurately before surgery using current
imaging methods. We previously generated a simple
math formula to estimate preoperative metastatic nodal
counts using multidetector row computed tomography
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Abstract
AIM: To evaluate the long-term efficacy adefovir
(ADV)-based combination therapies in entecavir (ETV)resistant chronic hepatitis B (CHB) patients.
METHODS: Fifty CHB patients with genotypic
resistance to ETV at 13 medical centers in South Korea
were included for the analysis. All the patients received
rescue therapy with the combination of ADV plus ETV
(ADV/ETV, n = 23) or ADV plus lamivudine (LMV)
(ADV/LMV, n = 27) for more than 12 mo. Patients were
monitored at least every 3-4 mo during ADV-based
combination therapy by clinical examination as well
as biochemical and virological assessments. Hepatitis
B virus (HBV) DNA levels were measured by realtime PCR and logarithmically transformed for analysis.
Cumulative rates of virologic response (VR; HBV DNA
< 20 IU/mL) were calculated using the Kaplan-Meier
method, and the difference was determined by a logrank test. Multivariate logistic regression and Cox
proportional hazards models were used to identify
independent risk factors significantly associated with
short-term and long-term VR, respectively.
RESULTS: Baseline median HBV DNA levels were 5.53
(2.81-7.63) log10 IU/mL. The most commonly observed
ETV genotypic mutation sites were rt184 and rt202.
Patients were treated for a median of 27 (12-45) mo.
Overall, cumulative VR rates at 6, 12, 24, and 36 mo
were 26%, 36%, 45%, and 68%, respectively. Patients
treated with the ADV/ETV combination showed higher
cumulative VR rates (35%, 43%, 65%, and 76%,
respectively) than those with the ADV/LAM combination
(18%, 30%, 30%, and 62%, respectively; P = 0.048).
In the multivariate analysis, low baseline HBV DNA
levels (< 5.2 log10 IU/mL) and initial virologic response
at 3 mo (IVR-3; HBV DNA < 3.3 log 10 IU/mL after
3 mo) were independent predictive factors for VR.
Patients with favorable predictors achieved cumulative
VR rates up to 90% at 36 mo. During the same period,
the cumulative incidence of virologic breakthrough
was as low as 6% in patients with the both favorable
predictors.
CONCLUSION: If tenofovir is not available, ADV/ETV
combination could be considered in ETV-resistant
patients with low HBV DNA titers, and may be
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continued if IVR-3 is achieved.

Core tip: Studies regarding optimal treatment strategies
for entecavir-resistant chronic hepatitis B are sparse.
Tenofovir may be the best option, but it is still not
available in many countries. Where tenofovir is not
available, adefovir plus entecavir can be considered an
alternative treatment option in patients with favorable
predictive factors. These factors included lower baseline
hepatitis B virus (HBV) DNA levels (< 5.2 log10 IU/mL)
and reduction of HBV DNA < 3.3 log10 IU/mL after 3 mo
of treatment in our study. The present study will guide
the treatment of entecavir-resistant chronic hepatitis B.
Kim HS, Yim HJ, Jang MK, Park JW, Suh SJ, Seo YS, Kim JH,
Kim BH, Park SJ, Lee SH, Kim SG, Kim YS, Lee JI, Lee JW,
Kim IH, Kim TY, Kim JW, Jeong SH, Jung YK, Park H, Hwang
SG; on behalf of Antiviral Resistance Study Group. Management
of entecavir-resistant chronic hepatitis B with adefovir-based
combination therapies. World J Gastroenterol 2015; 21(38):
10874-10882 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10874.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10874

INTRODUCTION
Chronic hepatitis B virus (HBV) infection remains
an important global health problem, and 15%-40%
of infected patients may develop cirrhosis-related
[1]
complications and/or hepatocellular carcinoma (HCC) .
Over the past decades, there have been great
advances in the management of chronic hepatitis B
(CHB) owing to the development of oral nucleos(t)ide
[2]
analogues (NAs) . The sustained suppression of
serum HBV DNA by these agents has been associated
with the prevention of liver disease progression and
[3,4]
inhibition of HCC development . However, a major
shortcoming of these NAs is the high rate of virological
[5,6]
relapse when treatment is discontinued . Therefore,
long-term or indefinite treatment with NAs is needed.
Unfortunately, the risk of drug resistance increases
[7]
in proportion to the duration of NAs therapy . For
example, cumulative lamivudine (LMV) resistance
rates were reported to be 23% and 71% after 1 and
[8,9]
4 years of LMV therapy, respectively . Moreover,
NAs discontinuation sometimes results in hepatitis
flares that may lead to fulminant hepatic failure and
[10]
death . Thus, the benefits of therapy are attenuated
and subsequent therapeutic options may be limited.
Of the NAs, entecavir (ETV) is one of the most
potent and safest antiviral agents for HBV infection,
[11-13]
with a superior potency to LMV and adefovir (ADV)
.
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A previous study showed that the cumulative
probability of ETV resistance in treatment naïve
patients remained at only 1.2% after up to 5 years
[14]
of treatment . However, the rate is higher in LMV[15,16]
resistant patients
, and it may increase to 51%
[14]
after 5 years of ETV therapy . Resistance to ETV
appears to occur through a two-hit mechanism with
an initial selection of the M204V/I mutation followed
by amino acid substitutions at rtT184, rtS202, or
[17]
rtM250 . Consequently, for CHB patients with LMV
resistance, current international guidelines recommend
switching to tenofovir disoproxil fumarate (TDF),
adding on TDF, or adding on ADV, but not switching to
[18,19]
ETV monotherapy
. However, earlier international
guidelines had recommended switching to 1 mg of ETV
per day as a treatment option for CHB patients infected
with HBV resistant to LMV due to insufficient clinical
[2,20]
data
. As a result of sequential ETV monotherapy in
LMV-resistant patients, resistance to ETV developed in
a substantial number of patients currently.
For patients with an ETV-resistant CHB, switching
to or adding on TDF or TDF-emtricitabine combination
therapy are considered as therapeutic options, and
combination therapy with ADV plus NAs may still be
[19,21,22]
used in countries where TDF is not available
. It
has been shown that both ADV and TDF are active in
vitro against ETV-resistant HBV infection, but clinical
data on the efficacy of ADV or TDF in patients infected
[21,23-26]
with ETV-resistant HBV strains are limited
.
Although there have been few reports on the shortterm effects of ADV combination therapy for ETVresistant HBV infection, especially for that developed
[23,24,27]
after LMV-ETV sequential monotherapy
, there
is little available clinical information regarding the
long-term effects of ADV combination therapy in such
patients. Therefore, this study aimed to evaluate the
long-term efficacy of combined ADV regimens over 48
wk in CHB patients with ETV resistance.

MATERIALS AND METHODS
Patients and study design

A total of 50 CHB patients with genotypic ETV
resistance, who subsequently received rescue ADVbased combination therapy for more than 12 mo at 13
medical centers in South Korea between January 2008
and October 2012, were enrolled in this retrospective
cohort study. ETV resistance was documented in all
patients by genotypic analyses at the time of switching
to ADV-based combination therapy. We excluded
patients infected with other viruses such as hepatitis
C virus, human immunodeficiency virus, or hepatitis D
virus and those with other concomitant liver diseases
such as alcoholic liver disease, autoimmune liver
disease, or HCC. All patients were monitored at least
every 3-4 mo during ADV-based combination therapy
by clinical examination as well as biochemical and
virological assessments.
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The study was approved by the Institutional Review
Boards of each institution, and informed written
consent was obtained from all study participants, or
their legal guardian. The protocol conforms to the
ethical guidelines of the Declaration of Helsinki.

Laboratory assay

Routine biochemical tests were performed using
standard laboratory procedures. Hepatitis B surface
antigen (HBsAg), antibody to HBsAg (anti-HBs),
hepatitis B e antigen (HBeAg), and antibody to HBeAg
(anti-HBe) levels were measured using a microparticle
enzyme immunoassay (Abbott Laboratories, North
Chicago, IL, United States). Serum HBV DNA levels
were measured by the COBAS TaqMan PCR assay
(Roche, Branchburg, NJ, United States; lower limit of
detection: 20 IU/mL). Genotypic resistance to LMV,
ADV, and ETV was determined by direct sequencing
(TRUGENE HBV, Siemens Health Care Diagnostic
Solutions, Tarrytown, NY, United States) or restriction
fragment mass polymorphism analysis, as previously
[28]
described .

Definitions

Primary non-response was defined as a failure to
reduce serum HBV DNA levels by > 1 log10 IU/mL
[29]
after 3 mo of treatment . Initial virologic response
at 3 mo (IVR-3) and virologic response (VR) were
defined as an HBV DNA level < 3.3 log10 IU/mL after
[28,30]
3 mo of treatment
and an undetectable HBV DNA
level (< 20 IU/mL) during treatment, respectively. A
biochemical response was defined as normalization
of serum alanine aminotransferase (ALT) levels.
Virological breakthrough (VBT) was defined as an
increase in serum HBV DNA level > 1 log10 IU/mL from
the nadir during therapy.

Statistical analysis

HBV DNA levels were logarithmically transformed
for analysis. Continuous variables were analyzed
using the Mann-Whitney U-test, whereas categorical
2
variables were analyzed using the χ test. A repeated
measure analysis was used to compare HBV DNA level
reductions according to ADV combination regimens.
Cumulative rates of VR and VBT were calculated using
the Kaplan-Meier method, and the difference was
determined by a log-rank test. Multivariate logistic
regression and Cox proportional hazards models were
used to identify independent risk factors significantly
associated with short-term and long-term VR,
respectively. Candidate variables with a P-value < 0.1
on univariate analysis were entered into the regression
analysis. A P-value < 0.05 was considered significant.
Statistical analyses were performed using SPSS,
version 16 (SPSS Inc., Chicago, IL, United States) and
the statistical review of the study was performed by a
biomedical statistician.
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A

Table 1 Baseline characteristics of the patients n (%)

Mean HBV DNA (log10 IU/mL)

Total (n = 50)

Age (yr)1
46.5 (22-74)
Male
37 (74)
HBeAg-positive
47 (94)
Cirrhosis
12 (24)
Antiviral history before ETV (naïve/clevudine/LMV) 2/2/46 (4/4/92)
Duration of ETV (mo)1
24 (13-58)
Serum ALT (IU/L)1
31 (5-1704)
Serum total bilirubin level (mg/dL)1
0.84 (0.28-4.30)
Serum albumin level (g/dL)1
4.2 (3.6-5.1)
INR1
1.01 (0.87-1.30)
Serum HBV DNA level (log10 IU/mL)1
5.53 (2.81-7.63)
Duration of ADV combination therapy (mo)1
27 (12-45)
Site of ETV-resistant mutations added on rtM204V/I
rt184
19 (38)
rt202
22 (44)
rt173
1 (2)
rt169 + rt184
1 (2)
rt184 + rt202
6 (12)
rt184 + rt250
1 (2)
Patients with elevated ALT level above ULN
18 (36)
Rescue therapy regimens [(ADV + LMV)/(ADV + ETV)] 27/23 (54/46)

B

1

Data are expressed as median (range). ADV: Adefovir; ALT: Alanine
aminotransferase; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV:
Hepatitis B virus; INR: International normalized ratio; LMV: Lamivudine;
ULN: Upper limit of normal.

RESULTS
A total of 50 patients who met the inclusion criteria
were analyzed. The patients’ baseline characteristics
are summarized in Table 1. Thirty-seven (74%)
patients were men and the median age was 46.5
(22-74) years. Twelve patients (24%) had liver
cirrhosis and 47 patients (94%) were positive
for HBeAg. The median HBV DNA level was 5.53
(2.81-7.63) log10 IU/mL and 18 patients had elevated
serum ALT levels above the upper limit of normal (40
IU/L). The most commonly observed ETV genotypic
mutation sites were rt184 and rt202. The median
duration of ETV therapy was 24 (13-58) mo. Out of the
total 50 patients, 27 received ADV/LMV combination
therapy and 23 received ADV/ETV combination
therapy. The median duration of ADV combination
therapy was 27 (12-45) mo.

Figure 1 shows the changes in mean HBV DNA levels
during the first 12 mo of treatment. After the start
of ADV combination therapy, serum HBV DNA levels
declined continuously with overall mean changes of
-2.14 log10 IU/mL, -2.37 log10 IU/mL, and -2.67 log10
IU/mL at months 3, 6, and 12, respectively. The mean
reduction in serum HBV DNA levels from baseline to
month 12 was significantly greater in the ADV/ETV
combination group than in the ADV/LMV combination
group (-2.77 vs -2.57 log10 IU/mL, P = 0.028) by
repeated measure analysis (Figure 1). During the first
year of treatment, VR (HBV DNA levels < 20 IU/mL)
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5

-2.67 log10 IU/mL

4
All patients (n = 50)
3

0

12

24

36

t /wk

6

48

Mean HBV DNA
reduction at week 48
ADV/LMV -2.57 log10 IU/mL
ADV/ETV -2.77 log10 IU/mL

5

P = 0.028
4

ADV/LMV (n = 27)

ADV/ETV (n = 23)

3

2

Baseline characteristics of the patients

Treatment response

Mean HBV DNA
reduction at week 48

2

Mean HBV DNA (log10 IU/mL)

Variables

6

0

12

24

t /wk

36

48

Figure 1 Changes of hepatitis B virus DNA levels during 48 wk. A: The
overall mean changes of hepatitis B virus (HBV) DNA levels from baseline;
B: The mean reduction of serum HBV DNA levels in adefovir plus entecavir
(ADV/ETV) combination group and in the adefovir plus lamivudine (ADV/LMV)
combination group.

and primary non-response were observed in 18 (36%)
and 9 (18%) patients, respectively. Eight of the 18
patients who showed elevated serum ALT levels at
baseline experienced normalization of serum ALT levels
(44.4%). During the first year of ADV combination
therapy, HBeAg loss occurred in 6 (12.8%) of the
47 HBeAg positive patients. Of these, one patient
experienced HBeAg seroconversion.
During the long-term treatment period that lasted
a median of 27 mo, VR, HBeAg loss, and biochemical
response were achieved in an additional 9, 3, and 6
patients, respectively.
Cumulative VR rates at 6, 12, 24, and 36 mo were
26%, 36%, 45%, and 68%, respectively (Figure 2A).
Cumulative VR rates at 6, 12, 24, and 36 mo were,
respectively, 35%, 43%, 65%, and 76% in the ADV/
ETV combination group and 18%, 30%, 30%, and
62% in the ADV/LMV combination group. There was
a significant difference between the two groups (P =
0.048; Figure 2B).

Predictive factors of virologic response

Of the clinical features, a longer duration of ETV
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A

B

100

P = 0.048
Probability of virologic response (%)

Probability of virologic response (%)

100

80

60
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0

0

6

No. at risk
50

40
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Treatment duration (mo)
34
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23
16

36

80

60
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24
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Treatment duration (mo)
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21
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36

42
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1

Figure 2 Virologic responses according to type of treatments up to 36 mo. A: Overall cumulative virologic response rates at 6, 12, 24, and 36 mo; B: Cumulative
virologic response rates in the adefovir plus entecavir (ADV/ETV) combination group and in the adefovir plus lamivudine (ADV/LMV) combination group (P = 0.048).

Table 2 Comparison of clinical features between groups according to 1-year virologic response n (%)
Patients without VR (n = 32)
Age (yr)1
Male
HBeAg-positive
Cirrhosis
Duration of ETV therapy (mo)1
Serum ALT level (IU/L)1
Serum total bilirubin level (mg/dL)1
Serum albumin level (g/dL)1
INR1
Serum HBV DNA level (log10 IU/mL)1
Site of ETV-resistant mutations
rt184
rt202
rt173
rt169 + rt184
rt184 + rt202
rt184 + rt250,
Presence of IVR-3
Rescue therapy regimens (ADV/LMV vs ADV/ETV)

47 (22-70)
22 (68.8)
31 (96.9)
8 (25)
24 (13-48)
34.5 (12-918)
0.84 (0.31-1.99)
4.2 (3.6-5.1)
1.01 (0.93-1.23)
6.16 (3.85-7.63)
12 (37.5)
14 (43.8)
0 (0)
0 (0)
5 (15.6)
1 (3.1)
7 (21.9)
19 vs 13 (59.4 vs 40.6)

Patients with VR (n = 18)
42.5 (33-74)
15 (83.3)
16 (88.9)
4 (22.2)
36 (17-58)
29 (5-1704)
0.79 (0.28-4.30)
4.3 (3.6-4.9)
1.02 (0.87-1.30)
4.24 (2.81-7.08)
7 (38.9)
8 (44.4)
1 (5.6)
1 (5.6)
1 (5.6)
0 (0)
17 (94.4)
8 vs 10 (44.4 vs 55.6)

P value
0.413
0.328
0.291
1.000
0.003
0.210
0.869
0.691
0.848
< 0.001
0.441

< 0.001
0.382

1

Data are expressed as median (range). ADV: Adefovir; ALT: Alanine aminotransferase; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B
virus; INR: International normalized ratio; IVR-3: Initial virologic response at 3 mo; LMV: Lamivudine; VR: Virologic response.

Table 3 Multivariate analyses of clinical factors affecting oneyear virologic response

Duration of ETV therapy (mo)
Serum HBV DNA level
(< 5.2 log10 IU/mL)
Presence of IVR-3

RR

95%CI

P value

1.039
7.614

0.936-1.153
1.160-49.986

0.473
0.034

24.862

2.398-257.781

0.007

ETV: Entecavir; HBV: Hepatitis B virus; IVR-3: Initial virologic response at
3 mo.

treatment prior to ADV combination therapy, low
serum HBV DNA levels, and the achievement of
IVR-3 were considered favorable factors for VR after
1-year of treatment. Other factors such as age, sex,
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cirrhosis, HBeAg status, serum ALT levels, international
normalized ratio (INR), serum bilirubin levels, serum
albumin levels, type of ETV resistance mutation,
and type of ADV combination regimen were not
significantly associated with VR (Table 2).
A multivariate logistic regression model was
used to identify independent risk factors significantly
associated with VR during the first year. In the
univariate analysis, duration of ETV treatment prior
to ADV combination therapy, serum HBV DNA levels,
and IVR-3 were candidate variables for multivariate
analysis (P < 0.1). In the multivariate analysis, IVR-3
and serum HBV DNA levels remained independent
predictors of VR (Table 3).
A Cox proportional hazards model was used
to identify independent risk factors significantly
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Table 4 Univariate and multivariate analyses of factors affecting long-term virologic response
Univariate analysis
Age (yr)
Sex (male)
HBeAg positivity (-)
Disease status (LC)
Duration of ETV (mo)
Serum ALT (IU/L)
Serum total bilirubin level (mg/dL)
Serum albumin level (g/dL)
INR
Serum HBV DNA level (< 5.2 log10 IU/mL)
Type of ETV-resistant mutation (rtT184 )
Presence of IVR-3
Rescue therapy regimens (ADV/ETV)

Multivariate analysis

RR

95%CI

P value

1.011
1.156
1.905
0.775
1.077
1.000
1.405
1.214
0.137
5.084
0.780
8.822
2.007

0.973-1.050
0.488-2.740
0.568-6.383
0.293-2.054
1.036-1.119
0.998-1.002
0.774-2.550
0.384-3.836
0.001-22.543
2.231-11.581
0.359-1.693
3.228-24.114
0.928-4.338

0.586
0.741
0.296
0.609
< 0.001
0.976
0.264
0.741
0.445
< 0.001
0.529
< 0.001
0.077

RR

95%CI

P value

1.022

0.970-1.076

0.419

2.870

1.049-7.854

0.040

4.417
1.678

1.402-13.918
0.683-4.119

0.011
0.259

ADV: Adefovir; ALT: Alanine aminotransferase; CHB: Chronic hepatitis B; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; INR:
International normalized ratio; IVR-3: Initial virologic response at 3 mo; LC: Liver cirrhosis; LMV: Lamivudine.
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B virus (HBV) DNA levels and in patients with high baseline serum HBV DNA levels (P < 0.001); B: Cumulative virologic response rates in patients with and without
initial virologic response-3 (IVR-3) (P < 0.001).

associated with long-term VR. The results were similar
to the 1-year results detailed above (Table 4).

Impact of predictive factors on the long-term efficacy of
ETV

Twenty-one patients (42%) had low baseline serum
HBV DNA levels (< 5.2 log10 IU/mL) and IVR-3 was
achieved in 24 of 50 (48%) patients. Patients with a
low serum HBV DNA level or IVR-3 had a significantly
higher probability of achieving VR. Cumulative VR
rates at 6, 12, 24, and 36 mo were 52%, 71%, 81%,
and 87% in patients with low baseline serum HBV DNA
levels and 7%, 10%, 18%, and 52% in patients with
high baseline serum HBV DNA levels, respectively(P <
0.001; Figure 3A). Cumulative VR rates at 6, 12, 24,
and 36 mo were 0%, 4%, 13%, and 46% in patients
without IVR-3 and 54%, 71%, 80%, and 90% in
patients with IVR-3, respectively (P < 0.001; Figure
3B). VR was achieved in only 18% (4/22) of patients
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without favorable predictors (no IVR-3 and a high
HBV DNA level) and in 73% (8/11) of patients with
one predictor. However, patients with two favorable
predictors achieved VR in 88% of cases (15/17).
During the treatment period, the respective cumulative
incidence of VR at 36 mo according to the increasing
number of favorable predictors was 38%, 85%, and
88%. There was a significant difference among the
groups (P < 0.001; Figure 4).

Virological breakthrough

VBT was observed in 10 patients during the followup period. Cumulative VBT rates at 6, 12, 24, and
36 mo were 2%, 6%, 18%, and 26%, respectively
(Figure 5A). Only one patient with VR (3.7%, 1/27)
and one patient with two favorable predictors (4.5%,
1/22) experienced VBT. During the treatment period,
the respective cumulative incidence of VBT at 36
mo according to the increasing number of favorable
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Figure 4 Virologic responses according to the number of predictive
factors. Cumulative virologic response rates in patients with 2, 1, and 0
favorable factors are presented (P < 0.001).

predictors was 40%, 21%, and 6% (Figure 5B).

DISCUSSION
Although highly potent NAs with optimal genetic
resistance profiles (ETV and TDF) have been
introduced, prior NAs with lower genetic barriers
continue to cause drug resistance, which is an
important clinical problem. In particular, sequential
monotherapy leads to the emergence of multi-drug
resistant mutants, a matter of great concern in the
management of CHB patients. So far, few studies have
evaluated the efficacy of ADV combination therapy
for ETV-resistant HBV infection. However, previous
studies included small numbers of patients and/or
[21,23,27]
patients with concurrent ADV resistance
. To our
knowledge, this is one of the largest studies and the
first long-term follow-up study (up to 4 years) of the
efficacy of ADV-based combination therapy in ETVresistant CHB patients.
Previous studies showed VR rates of about 50% to
ADV/ETV combination therapy in patients with LMV[21,23,24]
and ETV-resistant HBV infection
. In the present
study, however, 27 of 50 (54%) patients showed a
VR with respective cumulative VR rates of 36% and
68% at 12 and 36 mo. The reason for the relatively
high VR in our study may be due to the difference in
the study population and follow-up duration compared
to previous studies. Our study excluded patients with
prior ADV exposure in order to accurately evaluate the
antiviral efficacy of ADV-based regimens in those with
resistance to ETV, and the patients were followed up
for a median of 27 mo (up to 4 years).
This study demonstrated that the antiviral efficacy
of ADV/ETV combination therapy is superior to that
of ADV/LMV combination therapy in patients with ETV
resistance. During the first year of therapy, the mean
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reduction in serum HBV DNA levels was significantly
greater in the ADV/ETV combination group than in
the ADV/LMV combination group (-2.77 vs -2.57 log10
IU/mL, P = 0.028) by repeated measure analysis. In
addition, during the long-term follow-up period, the
respective cumulative VR rates at 12 and 36 mo were
43% and 76% in the ADV/ETV combination group and
30% and 62% in the ADV/LMV combination group.
There was a significant difference between the two
groups (P = 0.048). This is the first such finding in
ETV-resistant CHB patients; previous studies did not
demonstrate the superiority of ADV/ETV combination
therapy over ADV/LMV combination therapy in
[24,27]
LMV- and ETV-resistant patients
. However, in a
previous study, ADV/ETV combination therapy was
[24]
used as rescue therapy in only 18 patients , which
is a relatively small number for a comparison of the
efficacy of the ADV/ETV and ADV/LMV regimens.
Another interesting finding of this study is the
prognostic role of lower baseline HBV DNA levels and
IVR-3, which are predictive factors for short-term and
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long-term VR. ADV-based combination therapy has
proven to be highly effective in patients with lower
baseline HBV DNA levels or IVR-3. In fact, cumulative
VR rates in patients with lower baseline HBV DNA
levels or IVR-3 were very high, reaching 90% at 36
mo. In clinical practice, the ADV/ETV combination can
be considered for ETV-resistant CHB patients with
lower HBV DNA levels, and IVR-3 may help determine
whether ADV/ETV combination therapy could be
maintained or should be switched to TDF-based
regimens.
A VBT was observed in 10 out of 50 patients
during the follow-up period, with a cumulative VBT
rate of 26% at 36 mo. Interestingly, only one patient
with favorable predictors experienced VBT during the
follow-up period, with a 6% cumulative VBT rate at
36 mo. No ADV mutations were found in this patient,
and serum HBV DNA levels declined again despite
maintaining therapy. This indicates a clinically useful
long-term efficacy of ADV-based combination therapy
in ETV-resistant patients in the presence of favorable
predictors of VR such as a lower HBV DNA level and
IVR-3.
TDF is a potent HBV inhibitor with a high genetic
barrier to resistance and doesn’t exhibit cross
[22,31]
resistance with LMV or ETV
. In recent studies,
TDF/ETV combination therapy showed excellent
efficacy in patients with multi-drug resistance (MDR)
and resulted in a relatively high rate of complete
VR at an early time point, even in patients with
[25,26]
triple resistance to LAM, ETV, and ADV
. When
considering the potencies of TDF and ADV, a TDF/
ETV combination should be superior to an ADV/ETV
combination in CHB patients with MDR although
comparative data of this is lacking. As there are
countries where TDF is still not available, ADV/ETV
combination could be considered an alternative option.
Our study has some limitations. First, the sample
size was relatively small. However, considering the
difficulty of including ETV-resistant CHB patients,
the present study would be accepted as a valuable
multicenter study and the largest one evaluating
ADV-based combination therapy in ETV-resistant
CHB patients. Second, the study was performed
retrospectively. In future, a prospective study based
on TDF mono- or combination therapy should be
considered in ETV resistant CHB patients depending on
TDF availability.
In conclusion, an ADV/ETV combination was
superior to an ADV/LMV combination, and ADV-based
combination therapy was effective in patients with
favorable predictors.
In countries where tenofovir is not available,
the ADV/ETV combination could be considered an
alternative treatment option in ETV-resistant patients
with a low HBV DNA titer, and may be continued if
IVR-3 is achieved.
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therapeutic benefits and limits subsequent treatment options. Entecavir (ETV) is
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(CHB) are sparse.

Research frontiers

Both adefovir (ADV) and tenofovir (TDF) are active against ETV-resistant
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Previous few studies regarding the efficacy of ADV combination therapy for
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short- term efficacy. This study is one of the largest studies and the first longterm follow-up study (up to 4 years). Furthermore, it shows predictive factors
for virologic response (VR), which will be useful for guidance of the treatment
strategy.

Applications

This study results suggest the ADV/ETV combination therapy could be
considered an alternative treatment option in ETV-resistant CHB patients,
especially in those with favorable predictive factors.

Terminology

Initial virologic response at 3 mo (IVR-3) is defined as an HBV DNA level < 3.3
log10 IU/mL after 3 mo of treatment and demonstrated as a predictive factor for
VR.

Peer-review

Here the authors report original data on long term efficacy of ADV-based
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Abstract
AIM: to estimate the prevalence of gastric cancer
(GC) in a cohort of patients diagnosed with GC and to
compare it with patients diagnosed with all other types
of gastro-intestinal (GI) cancer during the same period.
METHODS: Between 2008 and 2013, five-year period,
the medical records of all GI cancer patients who
underwent medical care and confirm diagnosis of
cancer were reviewed at the National Referral Hospital,
Thimphu which is the only hospital in the country
where surgical and cancer diagnosis can be made.
Demographic information, type of cancer, and the year
of diagnosis were collected.
RESULTS: There were a total of 767 GI related cancer
records reviewed during the study period of which 354
(46%) patients were diagnosed with GC. There were
413 patients with other GI cancer including; esophagus,
colon, liver, rectum, pancreas, gall bladder, cholangiocarcinoma and other GI tract cancers. The GC incidence
rate is approximately 0.9/10000 per year (367 cases/5
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years per 800000 people). The geographic distribution
of GC was the lowest in the south region of Bhutan
0.3/10000 per year compared to the central region
1.4/10000 per year, Eastern region 1.2/10000 per year,
and the Western region 1.1/10000 per year. Moreover,
GC in the South part was significantly lower than the
other GI cancer in the same region (8% vs 15%; OR
= 1.8, 95%CI: 1.3-3.1, P = 0.05). Among GC patients,
38% were under the age of 60 years, mean age at
diagnosis was 62.3 (± 12.1) years with male-to-female
ratio 1:0.5. The mean age among patients with all other
type GI cancer was 60 years (± 13.2) and male-tofemale ratio of 1:0.7. At time of diagnosis of GC, 342
(93%) were at stage 3 and 4 of and by the year 2013;
80 (23%) GC patients died compared to 31% death
among patients with the all other GI cancer (P = 0.08).

INTRODUCTION

CONCLUSION: The incidence rate of GC in Bhutan
is twice as high in the United States but is likely
an underestimate rate because of unreported and
undiagnosed cases in the villages. The high incidence of
GC in Bhutan could be attributed to the high prevalence
of Helicobacter pylori infection that we previously
reported. The lowest incidence of GC in Southern part
of the country could be due to the difference in the
ethnicity as most of its population is of Indian and Nepal
origin. Our current study emphasizes on the importance
for developing surveillance and prevention strategies for
GC in Bhutan.

Gastric cancer (GC) is the second leading cause of
cancer-related mortality and the fourth most common
[1-3]
cancer globally
. However, its incidence rates in
[2]
different geographical regions are distinctly varied .
It been reported that in East Asia, high-risk countries
include South Korea, Japan and China, where the
age-standardized incidence rate is higher than 20
[2]
cases of GC per 100000 inhabitants per year . The
World Health Organization reports the incidence of
[4]
GC in Bhutan to be very high ; however there is no
published data yet. Bhutan is a small mountainous
country bordering India and China and consists of four
geographical regions, west, east, central, and south
with a population consists of 800000 citizens.
It has been established that a Helicobacter pylori (H.
pylori) infection is an etiologic agent of chronic gastritis
and peptic ulcer disease, GC and mucosal associated
lymphoid tissue lymphoma (MALT) and it is listed as
[5-8]
a number one carcinogen . We previously reported
[9,10]
a very high prevalence of H. pylori in Bhutan
.
Childhood hygiene practices and family education
[11,12]
determine the prevalence of H. pylori infection
. The
current study aimed to estimate the incidence of GC in
Bhutan and to compare the geographic distribution of
GC to our previously reported geographic distribution of
H. pylori infection.

Key words: Gastric cancer; Mortality; Epidemiology;
Bhutan
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Core tip: The incidence rate of gastric cancer (GC)
in Bhutan is twice as high in the United States but is
likely an underestimate rate because of unreported
and undiagnosed cases in the villages. The high
incidence of GC in Bhutan could be attributed to the
high prevalence of Helicobacter pylori infection that
we previously reported. The lowest incidence of GC
in Southern part of the country could be due to the
difference in the ethnicity as most of its population is of
Indian and Nepal origin. Our current study emphasizes
on the importance for developing surveillance and
prevention strategies for GC in Bhutan.
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Data source and case identification

Between 2008 and 2013, five-year period, the medical
records of all Gastro-Intestinal Cancer patients who
underwent medical care and confirm diagnosis of
cancer were reviewed at the National Referral Hospital,
Thimphu which is the only hospital in the country
where surgical and cancer diagnosis can be made.
Diagnosis and ascertainment of the GC cases was
based on endoscopic and pathological examination.
There is only one surgeon in the country (TD) who
operates on most/all the oncology cases in the country
and there not yet established GC registry in Bhutan.
Demographic information, e.g., age, gender, place
of residence, and date of diagnosis were collected.
For each patient, type of gastro-intestinal cancer was
retrieved.

Geography, population, and climate of Bhutan

Bhutan is a remote Himalayan country between India
and Tibet (China) with a population consists of only
800000 citizens residing in 18147 sq mi (47000 sq
km) (Figure 1). Seventy percent of country is rural and
agriculture based and the literacy rate is 47% (2011
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China

India

Figure 1 geographic of the map of Bhutan.

Census). More than 30% of Bhutan populations live
below poverty level. The climate in Bhutan varies with
elevation, from subtropical in the south to temperate
in the highlands and polar-type climate, with yearround snow in the north.
Bhutan is demographically divided into four main
regions, Southern, Western, Eastern, and central
regions. The Southern region shares border with India
and ethnically they are of Indian and Nepal origin.
The Western region is mostly on higher altitudes
and socioeconomic standard is higher than Southern
region. The normal water supply is through rural
water scheme that is supported by the government
and most people use local streams, rivers and piped
water supply. The Central region shares similarity
with the Western region both socioeconomically and
geographically though it is little warmer. The Eastern
region is lower in altitude than the Western region and
have similar rural water supply scheme as the Western
region.

Calculation of the crude incidence rate was based on
the number of recorded cases divided by the overall
population by the number of years. The estimated
Bhutan population in 2005 was 800000.

and other types of GI cancers. The GC incidence rate
was approximately 0.9/10000 per year (354 cases/5
years/800000 people). Among GC patients, 38% were
under the age of 60 years, mean age at diagnosis
was 62.3 (SD ± 12.1) years and the male-to-female
ratio 1:0.5. The mean age among patients with all
other type GI cancer was 60 years (± 13.2) and maleto-female ratio of 1:0.7. GC in the South part was
significantly lower than the other GI cancer in the
same region (8% vs 15%, OR = 1.8, 95%CI: 1.3-3.1,
p = 0.05).
The geographic distribution of the overall number
of GC cases by each city is presented in Figure 1. We
calculated the incidence rate of GC by each region; we
found that the geographic distribution of GC was the
lowest in the Southern region of Bhutan 0.3/10000
per year compared to the central region 1.4/100000
per year, Eastern region 1.2/10000 per year, and the
Western region 1.1/10000 per year (Figure 2). As we
previously reported, the geographic distribution of H.
pylori infection was the lowest in the south region of
the country (Figure 3).
At time of diagnosis of GC, 10 (3%) of the patients
were at stage 1, 15 (4%) at stage 2, 211 (60%) at
stage 3 and 118 (33%) stage 4. By the year 2013; 79
GC patients (22%) died.

RESULTS

DISCUSSION

There were a total of 767 GI related cancer records
reviewed during the years of 2008 and 2013. There
were 354 (46%) patients diagnosed with GC and 413
patients with diagnosed with esophagus, colon, liver,
rectum, pancreas, gall bladder, cholangio-carcinoma

The latest estimate of the global incidence rates of GC
was updated by the International Agency for Research
on Cancer in 2008 report estimated that there were
989000 new cases of GC or (7.8% of all reported
[1-3]
cancer cases) . We found that the incidence rate

Statistical analysis
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Figure 3 geographic distribution of the incidence of gastric cancer and
Helicobacter pylori infection.

of GC in Bhutan is high as it is second higher rate of
cancer in the country after the incidence of cervical
cancer (Unpublished data). The results of the current
study add more emphasis to literature of the high
GC incidence rate in South Asia, as the current study
is the first report of the incidence of GC in Bhutan.
In our previous study in Bhutan when we assessed
subjects for gastric mucosal atrophy, we found that
PG Ⅰ /Ⅱ ratio was significantly inversely correlated
with the atrophy score in the antrum and the corpus.
Furthermore, we found that the PG status was
significantly associated with the presence of atrophy
in the corpus and the prevalence of the PG-positive

WJG|www.wjgnet.com

status was significantly higher among H. pylori-positive
subjects than among H. pylori-negative subjects. We
concluded that the high incidence of GC in Bhutan
can be attributed to the high prevalence of H. pylori
[13]
infection and gastric mucosal atrophy .
Geographic variations in GC incidence have been
[14-16]
reported in both the West and the East
. Of
interest our results revealed the lowest GC rate was
found in south Bhutan than the rest of the country.
This variation is consistent with our previous published
results of the finding of the lowest H. pylori prevalence
[9]
in the south part Bhutan . The marked lower
prevalence in the Southern region could be due is the
different of the ethnicity in the region as they are of
Indian and Nepal origin and they have different food
habits than the original Bhutanese. It is known that
Bhutanese are broadly from three ethnic backgrounds.
The first ethnic group is from Tibetan descent that
mainly from the Western parts of the country while
the second is the Indo-Burmese ethnic group where
mostly from the population in the Eastern parts of the
country, the Southern Bhutanese, the third group, is of
the Nepali origin and mainly Aryan descent. Migration
studies have shown that first-generation migrants from
countries with a high incidence of H. pylori infection
relocating to countries of low incidence rates had
similar risks as that of the country of origin, but the
incidence rate tended toward that of the host country
in subsequent generations, suggesting the important
[17-20]
role of environmental risk factors
. Moreover,
various biological strains could be present in different
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parts of the country and within individuals. A study
published that Indian H. pylori isolates have been
shown to have European origins and are widely held to
[21]
be only mildly pathogenic .
The high incidence of GC in Bhutan could be
attributed to the high prevalence of H. pylori infection
that we previously reported. Moreover, it was also
reported that host genetic have an impact on host
responses to gastric inflammation and acid secretion,
thereby interacting with H. pylori infection in gastric
carcinogenesis. Therefore, host genetic factors may
determine why some individuals infected with H. pylori
[22]
develop GC, while others do not .
It has been established that a H. pylori infection is
an etiologic agent of chronic gastritis and peptic ulcer
disease, GC and MALT and it is listed as a number
[1-4]
one carcinogen . Several studies and randomized
controlled trials showed that H. pylori eradication
[23-28]
reduce GC incidence by at least 35%
. Current
consensus is that H. pylori screening and treatment is
[29-32]
effective only in high-risk populations
. However,
up till today such screening/surveillance had not taken
place yet in Bhutan in spite the high prevalence of H.
pylori infection and high GC rate among all age groups.
The current study revealed that 95% of GC patients
were diagnosed at stages 3 and 4 and accordingly this
could result in a higher mortality than early diagnosis.
Early cancer detection is important because countries
that perform GC surveillance, such as Japan and
[3]
Korea, have lower mortality rates . The Asian-Pacific
Consensus Group recommended the screening and
treatment of H. pylori as an evidenced-based and
reasonable strategy for primary prevention of GC
in selected communities where the burden of GC is
[32]
high .
It has been well documented that treatment of H.
pylori infection has an impact on the precursors of GC.
A study from Colombia, a region with high GC risk,
assessed the effect of H. pylori eradication therapy on
intestinal metaplasia, multifocal atrophy and dysplasia
in reported significant regression in histopathology
[33-36]
score after treatment
. A recent study from Taiwan
reported that mass eradication of H. pylori infection
resulted in significant reduction in incidence of gastric
[37]
atrophy resulting from chemoprevention . Adopting
the 2008 Asia-Pacific guidelines for a low threshold
for treatment of symptomatic patients, as well as low
cost follow-up testing could significantly lower the
prevalence of peptic ulcer disease, GC. Therefore,
there it is a great need for developing surveillance and
prevention strategies for GC in Bhutan.
The utilization of the current data for constructing
our study has some shortcomings that should be
addressed. The main limitation is that we relied on the
hospital records and not GC registry to identify the
cancer cases. However, up till today, there is no cancer
registry in Bhutan and the Timphu National hospital
is the only hospital that diagnoses all cancer cases in
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the country, so our data is valid as representative GC
cases in Bhutan. The second limitation of the study
that we did not have enough data to calculate the
overall mortality rate due GC and further studies are
highly needed to address that topic.
In conclusion, this study demonstrates clear
evidence of the high GC incidence in Bhutan that
could be attributed to the high prevalence of H. pylori
infection that we previously reported. The lowest
incidence of GC in Southern part of the country could
be due to the difference in the ethnicity as most of its
population is of Indian and Nepal origin. Our current
study emphasizes on the importance for developing
surveillance and prevention strategies for GC in
Bhutan.
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AIM: To assess numbers and case fatality of patients
with upper gastrointestinal bleeding (UGIB), effects of
deprivation and whether weekend presentation affected
outcomes.
METHODS: Data was obtained from Information
Services Division (ISD) Scotland and National Records
of Scotland (NRS) death records for a ten year period
between 2000-2001 and 2009-2010. We obtained
data from the ISD Scottish Morbidity Records (SMR01)
database which holds data on inpatient and daycase hospital discharges from non-obstetric and nonpsychiatric hospitals in Scotland. The mortality data
was obtained from NRS and linked with the ISD
SMR01 database to obtain 30-d case fatality. We used
23 ICD-10 (International Classification of diseases)
codes which identify UGIB to interrogate database.
We analysed these data for trends in number of
hospital admissions with UGIB, 30-d mortality over
time and assessed effects of social deprivation. We
compared weekend and weekday admissions for
differences in 30-d mortality and length of hospital
stay. We determined comorbidities for each admission
to establish if comorbidities contributed to patient
outcome.
RESULTS: A total of 60643 Scottish residents were
admitted with UGIH during January, 2000 and October,
2009. There was no significant change in annual
number of admissions over time, but there was a
statistically significant reduction in 30-d case fatality
from 10.3% to 8.8% (P < 0.001) over these 10 years.
Number of admissions with UGIB was higher for the
patients from most deprived category (P < 0.05),
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although case fatality was higher for the patients from
the least deprived category (P < 0.05). There was no
statistically significant change in this trend between
2000/01-2009/10. Patients admitted with UGIB at
weekends had higher 30-d case fatality compared with
those admitted on weekdays (P < 0.001). Thirty day
mortality remained significantly higher for patients
admitted with UGIB at weekends after adjusting
for comorbidities. Length of hospital stay was also
higher overall for patients admitted at the weekend
when compared to weekdays, although only reached
statistical significance for the last year of study 2009/10
(P < 0.0005).
CONCLUSION: Despite reduction in mortality for UGIB
in Scotland during 2000-2010, weekend admissions
show a consistently higher mortality and greater
lengths of stay compared with weekdays.
Key words: Gastrointestinal Haemorrhage; Mortality;
Endoscopy; Length of stay; Emergency service
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study we have used a large admini
strative database to demonstrate a significant reduction
in mortality from upper gastrointestinal bleeding in
Scotland from 2000 to 2010, with stable number of
admissions over this time. It is interesting to see this
trend during a period of increased incidence of variceal
bleeding with a rising burden of chronic liver disease.
This is the first report from Scotland demonstrating a
“weekend effect” for upper gastrointestinal bleeding.
Patients admitted at weekends have significantly higher
mortality and a greater length of hospital stay compared
with those admitted on weekdays, despite adjustments
for comorbidities. These data can help inform resource
planning for hospitals at weekends.
Ahmed A, Armstrong M, Robertson I, Morris AJ, Blatchford
O, Stanley AJ. Upper gastrointestinal bleeding in Scotland
2000-2010: Improved outcomes but a significant weekend effect.
World J Gastroenterol 2015; 21(38): 10890-10897 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i38/10890.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i38.10890

INTRODUCTION
Upper gastrointestinal bleeding (UGIB) is a common
medical emergency with an incidence of 103-172
[1-3]
per 100000 in the United Kingdom . This condition
accounts for approximately 25000 hospital admissions
[4]
annually in the United Kingdom . Some studies have
suggested an improved outcome over recent years,
with others describing a reduced incidence and an
[1,3,5,6]
association with social deprivation
.
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An increased case fatality among patients presenting
to hospitals at weekends has been reported for a
number of medical emergencies, including pulmonary
[7]
[8]
[9,10]
embolism , myocardial infarction and stroke
. This
has been described as a “weekend effect”. Although
some recent studies have suggested a worse outcome
for patients presenting with UGIB at weekends, reports
[3,11-13]
on this issue are inconsistent
. A study based
on the 2007 United Kingdom national audit did not
[14]
find a weekend effect for UGIB . There are several
processes involved in early management of acute UGIB
including risk stratification, early resuscitation, specialist
involvement and early endoscopy. Many of these can
be affected by variations in hospital staffing levels and
resource availability, particularly at weekends. These
may impact on patient outcomes including durations of
hospital admission and risk of death.
Our aims were to assess trends over time in
numbers and case fatality of patients admitted with
UGIB in Scotland and examine whether there is an
association with social deprivation. We also assessed
whether outcomes including case fatality and duration
of hospital stay are different for patients who presented
at the weekend, compared with those presenting
on weekdays. Finally, we examined whether patient
comorbidities accounted for any weekend variation.

MATERIALS AND METHODS
We sourced data from Information Services Division
(ISD) Scotland and National Records of Scotland (NRS)
death records for a ten year period between 2000/01
and 2009/10. ISD Scotland is a division of National
Services Scotland and part of National Health Services
Scotland. It works in partnership with a wide range
of organisations to build and maintain high quality
national health related datasets and statistical services.
We obtained data from the Scottish Morbidity Records
(ISD) SMR01 database which holds data on inpatient
and day-case hospital discharges from non-obstetric
and non-psychiatric hospitals in Scotland. SMR01
episode records are used to identify individual hospital
stays. The data is based on Scottish residents only.
The mortality data was obtained from NRS and linked
with the ISD SMR01 database to obtain 30-d case
fatality. This was expressed as percentage of patients
who died within 30 d from a hospital admission with
a main diagnosis of UGIB. Case fatality figures have
been reported in this manuscript as “mortality”, to
ensure consistency with other reports. All data records
were extracted from the ISD-held permanently linked
dataset and were managed subject to ISD information
governance rules and processes.
Upper GI bleeding was defined using ICD-10
(International Classification of diseases) codes. It is a
standard tool used to classify diseases and maintain
medical records allowing later retrieval of information
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Table 1
bleeding

ICD10 code
I850
K226
K228
K250
K252
K254
K256
K260
K262
K264
K266
K270
K272
K274
K276
K280
K282
K284
K286
K290
K920
K921
K922

recorded within 30 d of patients’ admissions; where
patients had more than one admission in the 30 d prior
to death, the death was only linked to the admission
closest to their death, to avoid double-counting.
ISD SMR01 episodic data is not suitable for
calculating co-morbidities prevalent at the time of
admission, due to coding guidance which requires that
only other conditions related to the current diagnosis
should be recorded in the secondary diagnosis fields.
Therefore to correct for the effect of comorbidities on
mortality for weekday and weekend admissions, a
five year look back for each admission with UGIB was
carried out to determine comorbidities. Comorbidity
was measured using the revised Charlson’s comorbidity
score as described in Department of Health, information
centre’s Summary Hospital-level Mortality Indicator
[15]
(SHMI) . Scores assigned over the five year look back
period were combined to give a final score at the point
of admission. Data were analysed using SPSS version
[16]
21 .

ICD-10 codes used for upper gastrointestinal

Description
Oesophageal varices with bleeding
Gastro-oesophageal laceration - haemorrhage syndrome
Other specified diseases of oesophagus
Gastric ulcer, acute with haemorrhage
Gastric ulcer, acute with both haemorrhage and
perforation
Gastric ulcer, chronic or unspecified with haemorrhage
Chronic or unspecified Gastric ulcer with both
haemorrhage and perforation
Duodenal ulcer, acute with haemorrhage
Duodenal ulcer, acute with both haemorrhage and
perforation
Duodenal ulcer, chronic or unspecified with haemorrhage
Chronic or unspecified Duodenal ulcer with both
haemorrhage and perforation
Peptic ulcer, acute with haemorrhage
Peptic ulcer, acute with both haemorrhage and perforation
Peptic ulcer, chronic or unspecified with haemorrhage
Chronic or unspecified Peptic ulcer with both
haemorrhage and perforation
Gastrojejunal ulcer, acute with haemorrhage
Gastrojejunal ulcer, acute with both haemorrhage and
perforation
Gastrojejunal ulcer, chronic or unspecified with
haemorrhage
Chronic or unspecified Gastrojejunal ulcer with both
haemorrhage and perforation
Acute haemorrhagic gastritis
Haematemesis
Melaena
Gastrointestinal haemorrhage, unspecified

Statistical analysis

for epidemiological purposes. ICD-10 codes used to
define UGIB are summarised in Table 1.
Data on length of hospital admission was calculated
using the number of days between date of admission
and discharge. The date of discharge was used to
allocate an admission to a financial year.
The measure of deprivation used was the Scottish
Index of Multiple Deprivation (SIMD) 2009. The
SIMD is a composite index of multiple deprivations
using data from seven domains including income,
employment, education, housing, health, crime and
geographical access. The SIMD 2009 scores are
calculated for residential areas and divides areas of
Scottish population into quintiles, giving five equal
sized groups with 20% of the population falling into
each quintile. Quintile 1 is the most deprived and
quintile 5 is the least deprived. Patients’ residential
postal code at the time of hospital admission was used
to allocate their SIMD 2009 quintile.
We analysed these data for trends in both number
of hospital admissions with UGIB and 30-d mortality
over time. We compared weekend and weekday
admissions for differences in 30-d mortality and length
of hospital stay. Weekdays were defined as Monday
to Friday with weekends being Saturday and Sunday
(days defined as midnight to midnight). Deaths were
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We used linear regression analysis to assess the trends
in number of admissions with UGIB, and 30 d mortality,
and to compare trends in relationship between 30 d
mortality and deprivation over the 10-year period. Z
test of proportions was used to compare proportion of
deaths for patients who were admitted on weekdays
with proportion of deaths for patients who were
admitted on weekends. Two sample t-test was used
to compare average length of stay between weekends
and weekday admissions with UGIB.

RESULTS
A total of 60643 Scottish residents were admitted to
Scottish hospitals with a diagnosis of UGIB during the
10 year period between 2000/01-2009/10. Altogether,
there were 73834 admissions as some patients had
more than one admission for UGIB during this period.
There was no significant variation in the numbers of
annual hospital admissions with UGIB over this study
period.
Patients admitted at weekends were younger than
those admitted on weekdays (median age 60 years vs
62 years, P < 0.0005). Trends in number of hospital
admissions, 30-d mortality and length of hospital stay
are shown in Table 2.
There was a significant trend in 30-d mortality
which reduced from 10.3% of patients in 2000/01
2
to 8.8% in 2009/10 (χ for trend P < 0.0005).
The durations of patients’ hospital admissions fell
significantly between 2000/01 and 2009/10 (median
from 3.0 to 2.0 d; mean from 9.2 to 7.9 d, both P <
0.0005).

Effect of deprivation

There was a statistically significant association
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Table 2 Trends in number of hospital admissions and outcome for patients with upper gastrointestinal bleeding in Scotland

Number of admissions1
Median length of stay (d)
Mean length of stay (d)
Total number of patients
Number of deaths
30-d mortality (%)2

2000/1

2001/2

2002/3

2003/4

2004/5

2005/6

2006/7

2007/8

2008/9

2009/10

7674
3.0
9.2
6973
718
10.3

7717
3.0
9.8
7002
744
10.6

7365
3.0
10.0
6659
703
10.6

7106
3.0
9.8
6480
705
10.9

7145
3.0
10.1
6508
663
10.2

7236
3.0
9.6
6582
646
9.8

7316
3.0
9.2
6618
650
9.8

7363
2.0
8.2
6634
625
9.4

7397
2.0
8.6
6690
623
9.3

7717
2.0
7.9
6813
599
8.8

Same patient may be counted more than once if they had more than one upper gastrointestinal bleeding admission during the year; 2Patient are counted
only once during each year but may be counted more than once across all 10 years.
1

Table 3 Charlson’s co-morbidity score at time of admission
Charlson’s co-morbidity score
Point of Admission
Weekday
Weekend

Number

Median

mean

SD

95%CI (mean)

59061
15442

3
4

7.055
7.603

9.452
9.613

6.98-7.13
7.45-7.75

1 (most deprived)
2
3
4
5 (least deprived)

14%
12%
Mortality

No of admissions

3000

Saturday and Sunday
Monday to Friday

16%

2000

10%
8%
6%
4%
2%
0%

1000

2000/01 2001/02 2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 2008/09 2009/10

  
0

2000/01

2002/03

2004/05

2006/07

Figure 3 30-d mortality, comparing weekend and weekday admissions.

2008/09

Figure 1 Number of admissions with a diagnosis of upper gastrointestinal
bleeding by deprivation quintile (Scottish Index of Multiple Deprivation
deprivation quintiles 1 and 5).
5 (least deprived)
1 (most deprived)

16%

Mortality

14%
12%
10%
8%

Figure 1). However patients in the least deprived
SIMD category had a higher 30-d mortality compared
with the most deprived SIMD category (P < 0.05;
Figure 2). Over the ten year study period there was
a significant decrease in 30-d mortality for patients in
2
SIMD deprivation quintiles 1, 4 and 5; (P values of χ
for trend in quintiles 1 to 5 = 0.002, 0.13, 0.08, 0.02,
0.02 respectively).

Weekend effect - mortality

6%
4%
2%
0%

Financial year of discharge

2000/01 2001/02 2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 2008/09 2009/10

  

Financial year of discharge

Figure 2 30-d mortality following upper gastrointestinal bleeding for
patients in Scottish Index of Multiple Deprivation deprivation quintiles 1
and 5.

between UGIB and deprivation with a higher number
of hospital admissions for patients who were more
deprived during this 10 years period (P < 0.05;

WJG|www.wjgnet.com

Compared to patients admitted on a weekday, weekend
admissions had a significantly higher mortality overall
and for seven of the ten years (all but 2003/04,
2004/05 and 2009/10; P < 0.001; Figure 3)
Logistic regression analysis was performed including
effects of age, gender, day of the week and comorbidity
measured by Charlson’s comorbidity score. People
admitted at the weekend with a diagnosis of UGIB
had a higher comorbidity score than those admitted
during the week (P < 0.001; see Table 3). However,
after adjusting for comorbidity, 30 d mortality remained
significantly higher for patients admitted with UGIB at
weekends.
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Saturday or Sunday
Monday to Friday

Average length of stay (d)

12.00
10.00
8.00
6.00
4.00
2.00
0.00
2000/01

2002/03

2004/05

2006/07

2008/09

   Financial year of discharge

Figure 4 Mean length of hospital stay, comparing weekend and weekday
admissions.

Weekend effect- length of admission

Length of hospital stay was higher overall for patients
admitted at the weekend when compared to weekdays
(P < 0.0005), although only reached significance for
an individual year in the last year of study (2009/10)
as shown in Figure 4.

DISCUSSION
In this study we have used a large administrative
database to demonstrate a significant reduction in
mortality from UGIB in Scotland from 2000-2010, with
a stable number of admissions with UGIB over this
time. Admissions with UGIB were closely related to
deprivation with a greater number of admissions in the
most deprived categories, but higher mortality among
the least deprived. Patients admitted at weekends
with UGIB had higher mortality than those admitted
on weekdays and a longer duration of hospital stay.
Although patients admitted at weekend had a higher
comorbidity score than those admitted on weekdays,
this did not account for the mortality difference. This
would suggest that factors other than comorbidity
contribute to a worse outcome at weekends.
Our finding of a significant reduction in 30-d
mortality from 10.3% to 8.8% over the ten year
study period is consistent with some other studies
[3]
reported from the United Kingdom. Button et al
found mortality from UGIB in Wales fell from 11.4%
[5]
to 8.6% over a seven year period. Crooks et al
reported a reduction in 28 d mortality in England for
both variceal and non variceal haemorrhage, which
fell by 2% and 3% respectively. Similar findings have
been reported recently from other European countries.
[17]
Cavallaro et al
found a significant improvement
in GI bleeding outcomes in Veneto Italy during the
decade 2001-2010; including reduced in-hospital
mortality and length of hospital stay. This reduction in
mortality may be explained by several factors including
advances in endoscopic haemostatic therapies, the
use of proton pump inhibitors for ulcer bleeding,
vasopressors and antibiotics for variceal haemorrhage
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and use of risk scoring systems for patients with UGIB.
It is interesting that the reduction in overall mortality
has occurred during a period of increased incidence of
variceal bleeding due to the rising burden of chronic
[6]
liver disease .
[17]
Cavallaro et al
also reported a reduction in
overall admissions with UGIB over the 10 year period
between 2001-2010. A recent study from Finland
reported a decline in incidence of bleeding gastric and
[18]
duodenal ulcers between the years 2000-2008 .
This is in contrast to our finding of a stable incidence
in Scotland over a similar time period. The reasons
for this are unclear but may be explained by different
population characteristics such as social deprivation
rates and changing incidence of chronic liver disease.
We found a very strong association between
the incidence of UGIB and social deprivation with
the highest number of admissions among the most
deprived groups. A previous West of Scotland study
found a 2.2 fold increased incidence for the most
deprived quarter of patients when compared with the
[1]
least deprived . Recent English and Welsh studies
found a similar increased admission rates in the most
[3,19]
deprived quintile
. Similar to our study, the English
and Welsh studies did not find an increased mortality
gradient with deprivation. One plausible explanation
for these findings could be the possibility that patients
in most deprived quintile presented with UGIB of lesser
severity (such as gastritis or Mallory Weiss bleeding
after acute alcohol intoxication) thereby resulting in
consistently higher number of admissions but lower
mortality. On the other hand, patients in least deprived
category had fewer episodes of minor UGIB secondary
to gastritis and Mallory Weiss bleeding after alcohol
intoxication resulting in fewer admissions. It is possible
that the majority of presentations in this least deprived
category were due to more severe causes of UGIB,
thereby increasing overall mortality.
A higher mortality has been reported for patients
admitted at weekends with a variety of medical
emergencies, including acute myocardial infarction,
stroke, UGIB, abdominal aortic aneurysm, pulmonary
[3,7,11,12,20-22]
embolus and acute epiglottitis
. The UGIB
study from Wales found that mortality was 13% higher
for patients admitted on the weekends compared with
[3]
weekdays . They found mortality to be even higher for
patients admitted on public holidays. Due to methods
of coding, we were unable to separately assess
outcome for patients presenting on public holidays.
Two large cohort studies from the United States
reported a 10%-20% increased mortality for patients
admitted with UGIB at weekends compared with
[12,13]
weekdays
. On the contrary, a recent study based
on data collected from the 2007 United Kingdom
national UGIB audit did not show a difference in
risk adjusted mortality for patients presenting at
weekends compared with weekdays, despite a delay in
[14,23]
endoscopy for those admitted at weekends
. This
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may be due to non-consecutive recording of data in
the United Kingdom national audit, with some hospitals
contributing a small number of cases which may
[23]
have created a selection bias . Our data provides
a complete national picture by including all hospital
admissions for UGIB in Scotland for each year, thereby
minimising case selection bias.
There are several possible explanations for our
findings of a higher mortality for weekend admissions.
Firstly, it may relate to staffing and resource issues. On
weekends, hospitals are typically staffed by fewer, less
experienced health care providers with poor continuity
of care. Many hospitals have relatively limited specialist
cover at weekends, including endoscopy staff and
interventional radiologists. Some of these issues have
been associated with lower quality of care and worse
[24,25]
outcome
. The availability of urgent or next day
endoscopy is variable in many hospitals and regions,
with the 2007 United Kingdom audit revealing that
52% hospitals had no formal on-call endoscopy rota
for emergency procedures, with only 50% patients
having endoscopy within 24 h of presentation with
[23]
acute UGIB . Interestingly a recent study from South
Korea suggested that early endoscopy for peptic ulcer
bleeding could prevent the deleterious “weekend
[26]
effect” on outcome .
Secondly, it has been suggested that patients
admitted over the weekend with a variety of medical
conditions have increased co-morbidities or more
[27,28]
severe illness
. It is possible that patients with
minor bleeding delay seeking medical attention over
the weekend and see their General Practitioner on
Monday, while those with more severe bleeding seek
emergency care. Due to the observational nature
of our study we were unable to determine bleeding
severity for individual cases. We found that patients
admitted at the weekend with UGIB had a higher
Charlson’s co-morbidity score than those admitted
during the week. However, even after correction
for co-morbidity, patients admitted at the weekend
had higher 30-d mortality than those admitted on
weekdays. Therefore differences in comorbidity do not
fully account for the higher weekend mortality.
Median length of hospital stay for patients admitted
at the weekend was also significantly longer over
the whole study period, with a numerically higher
in-patient stay for patients admitted at weekends
compared with weekdays for each year from April,
[11]
2003. Dorn et al examined for weekend effect using
a large population based data from North America
and reported length of hospital stay to be 1.7% longer
for weekend admissions with UGIB. Similar findings
[12]
were reported by Shaheen et al
from Canada. In
[3]
contrast, Button et al reported shorter duration for
weekend admissions and a younger patient age group
suggesting possibly less severe bleeding, but higher
case fatality. The reasons for this remain unclear.
There are several potential limitations of our study.
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Firstly, the weekend was defined as midnight on Friday
to midnight on Sunday. We know that for practical
purposes this is not an exact reflection of variations
in staffing levels and resources. However for coding
reasons, this was the only way to define the weekend
for the purposes of this study.
It is possible that coding misclassified some
patients with UGIB. In order to minimise this we
used a broad combination of ICD 10 codes including
some very specific, and others more sensitive but less
specific (see Table 1). Another potential weakness
could be the accuracy of the coding itself. However, the
accuracy of ICD coding has improved in Scotland over
time, with the most recent audit from 2011 showing
[29]
an accuracy of 88% . Therefore error resulting from
this is likely to be small.
Thirdly, we were unable to assess the timing of
endoscopy and use of drug therapy which may have
affected case fatality and duration of hospital admission.
Although most international guidelines recommend
[30,31]
endoscopy within 24 h of admission with UGIB
,
as stated above, during the 2007 audit many United
Kingdom hospitals had no formal out-of-hours
endoscopy rota and many patients did not undergo
[23]
endoscopy within 24 h, particularly at weekends .
In conclusion, this is the first study from Scotland
demonstrating “weekend effect” for UGIB. Although
there has been a gradual reduction in mortality for
patients admitted with UGIB in Scotland over the
decade 2000-2010, those admitted at the weekend
have consistently higher mortality and a greater length
of stay compared with those admitted on weekdays.
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Abstract
AIM: To investigate the prognostic value of pre
operative lymphocyte-to-monocyte ratio (LMR)
in patients with hepatocellular carcinoma (HCC)
undergoing curative hepatectomy.
METHODS: Clinicopathological data of 210 hepatitis
B virus (HBV)-associated HCC patients who were
treated by radical hepatic resection between 2003
and 2010 were retrospectively analyzed. None of the
patients received any preoperative anticancer therapy
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or intraoperative radiofrequency ablation. The diagnosis
was confirmed by pathological examination after
surgery. Absolute peripheral blood lymphocyte and
monocyte counts were derived from serum complete
blood cell count before surgery, and LMR was calculated
by dividing lymphocyte count by monocyte count.
The best cutoff was determined by receiver operating
characteristics (ROC) curve analysis. Correlations
between LMR levels and clinicopathological features
2
were assessed using the χ test. Survival outcomes
were estimated using the Kaplan-Meier method
and compared by the log-rank test. Univariate and
multivariate analyses were performed to evaluate the
prognostic impact of LMR and other clinicopathological
factors on overall survival (OS) and recurrence-free
survival (RFS), using the Cox proportional hazards
model.
RESULTS: The optimal cutoff value of LMR for
survival analysis was 3.23, which resulted in the most
appropriate sensitivity of 55.3% and specificity of
74.7%, with the area under the curve (AUC) of 0.66
(95%CI: 0.593-0.725). All patients were dichotomized
into either a low (≤ 3.23) LMR group (n = 66) or a
high (> 3.23) LMR group (n = 144). A low preoperative
LMR level was significantly correlated with the presence
of cirrhosis, elevated levels of total bilirubin and
larger tumor size. Patients with a low LMR level had
significantly reduced 5-year OS (61.9% vs 83.2%, P <
0.001) and RFS (27.8% vs 47.6%, P = 0.009) compared
to those with a high LMR level. Multivariate analyses
indicated that a lower LMR level was a significantly
independent predictor of inferior OS (P = 0.003) and
RFS (P = 0.006). Subgroup analysis indicated that
survival outcome was significantly more favorable in
cirrhotic patients with LMR > 3.23. However, there
were no differences between low and high LMR groups
for OS and RFS in non-cirrhotic patients.
CONCLUSION: Preoperative LMR was demonstrated
for the first time to serve as an independent prognostic
factor in HBV-associated HCC patients after curative
resection. Prospective studies with larger cohorts for
validation are warranted.
Key words: Hepatocellular carcinoma; Liver resection;
Lymphocyte-to-monocyte ratio; Prognosis; Prognostic
factor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory microenvironment plays an
important role in the progression of hepatocellular
carcinoma (HCC). Peripheral blood lymphocyte-tomonocyte ratio (LMR), a novel inflammatory biomarker
that combines estimates of host immune homeostasis
and tumor microenvironment, has been found to
serve as a predictor of clinical outcomes in various
malignancies. Prior to this study, there have been
no reports regarding the prognostic value of LMR in

WJG|www.wjgnet.com

HCC patients. For the first time in literature, our study
identified the optimal cutoff value of LMR for survival
analysis and concluded that preoperative LMR could
serve as an independent prognostic factor in hepatitis B
virus-associated HCC patients after curative resection.
Lin ZX, Ruan DY, Li Y, Wu DH, Ma XK, Chen J, Chen ZH,
Li X, Wang TT, Lin Q, Wen JY, Wu XY. Lymphocyte-tomonocyte ratio predicts survival of patients with hepatocellular
carcinoma after curative resection. World J Gastroenterol 2015;
21(38): 10898-10906 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10898.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10898

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading
types of malignant tumors worldwide, which primarily
[1]
develops in the setting of chronic liver inflammation .
In China, nearly 90% of HCC patients have underlying
hepatitis B virus (HBV) infection. Hepatic resection has
been established as a curative treatment for patients
who have localized lesions arising in non-cirrhotic
livers, or in cirrhotic livers with well-preserved hepatic
[2]
function . However, the long-term survival after
resection remains dismal due to a high frequency of
[3-5]
tumor recurrence . Clinicopathological factors, such
as microvascular invasion, multifocal disease, tumor
size and degree of histologic differentiation, have been
used to predict survival in patients with HCC after
[3-6]
curative resection . However, these clinical tumor
parameters can only partially explain the prognostic
heterogeneity of HCC.
Cumulative evidence has demonstrated that
crosstalk between tumor cells and their surrounding
inflammatory microenvironment plays a critical role in
the initiation and progression of HCC. Inflammatory
infiltrates in the tumor microenvironment can largely
[7-12]
influence the biological behavior of HCC
. Tumorassociated macrophages (TAMs), which comprise
a major proportion of leukocytes that infiltrate
into the stroma, have been found to promote HCC
[7,11-14]
proliferation, angiogenesis and metastasis
.
Immunohistochemical studies have validated the
association between high TAM density and unfavorable
[15,16]
prognosis in HCC patients after curative resection
.
Peripheral blood monocytes, which are precursors of
[7]
TAMs , have also been reported to be a prognostic
[17,18]
factor for HCC
. Tumor-infiltrating lymphocytes
(TILs) are another representative component of the
immune microenvironment. Specific TIL subtypes
are involved in the clinical course of HCC, and TIL
[8-10,13]
phenotypes are informative regarding prognosis
.
Recently, the peripheral blood lymphocyte-tomonocyte ratio (LMR), as a simple surrogate biomarker
of TILs and TAMs, has been reported to be a predictor
[19-25]
of clinical outcomes in various malignancies
. LMR
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also acts as a representative biomarker by combining
estimates of host immune homeostasis (i.e., absolute
lymphocyte count) and tumor microenvironment (i.e.,
[19,20]
absolute monocyte count)
. To date, there have
been no reports regarding the prognostic value of LMR
in HCC patients. We therefore conducted this study to
investigate the impact of preoperative peripheral blood
LMR on long-term outcomes after curative hepatic
resection for HCC.

MATERIALS AND METHODS

Statistical analysis

Patient enrollment and clinicopathological variables

From January 2003 to December 2010, 210 patients
with HBV-associated HCC who underwent curative
hepatectomy at the Third Affiliated Hospital of Sun Yatsen University were eligible for this retrospective study.
All the patients had chronic HBV infection and were
negative for hepatitis C virus antibody. Preoperative
diagnosis of HCC was based on typical dynamic images
evaluated by contrast-enhanced computed tomography
(CT) or magnetic resonance imaging (MRI) according
to the Asian Pacific Association for the Study of the
[26]
Liver (APASL) guideline . Pathological examination
confirmed the diagnosis after surgical resection.
Curative resection was defined as the complete
resection of all tumor nodules with clear microscopic
margins and no residual tumors as indicated by CT
scan at one month after surgery. Neither preoperative
anticancer therapy nor intraoperative radiofrequency
ablation was performed on the patients. Antiviral
therapy with oral nucleos(t)ide analogues was
recommended for all the patients after liver resection.
For each patient in the group, demographic
information, complete blood cell count, liver function
parameters, serum alpha-fetoprotein (AFP) level,
Barcelona Clinic Liver Cancer (BCLC) stage, and other
tumor-related parameters were recorded. Tumorrelated variables, such as maximal tumor diameter,
number of tumor nodules, portal vein thrombus
and histological differentiation, were obtained from
pathology reports. The absolute peripheral blood
lymphocyte and monocyte counts were derived from
the complete blood cell count before surgery, with
LMR calculated by dividing lymphocyte count by
monocyte count. None of the patients exhibited clinical
manifestations of acute inflammation before treatment
or of coexistent hematologic disorders. The study
protocol was approved by the Clinical Ethics Review
Board of the Third Affiliated Hospital of Sun Yat-sen
University. Informed consent was obtained according
to the Declaration of Helsinki.

Follow-up

All patients were regularly followed for recurrence at
outpatient clinics. None of the patients died within
30 d after surgery. Serum AFP test and abdominal
CT scan were performed every 3 mo during the first
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two postoperative years and every 6 mo thereafter. If
clinical recurrence was suspected, CT was performed
immediately. Additional diagnostic investigation such
as MRI or hepatic arterial angiography was performed
in patients with suspicious lesions demonstrated by CT
image. Patients with confirmed recurrence received
further treatment, such as second hepatectomy,
chemoembolization, radiofrequency ablation or
percutaneous ethanol injection. Treatment modality
after relapse varied among individuals.

Receiver operating curve (ROC) analysis was
performed to determine the optimal cutoff values
for preoperative absolute lymphocyte count (ALC),
absolute monocyte count (AMC) and LMR as
prognostic factors. The score closest to the point with
both maximum sensitivity and specificity was chosen
as the best cutoff value. Correlations between LMR
levels and clinicopathological features were assessed
2
using the χ test. Survival outcomes were estimated
using the Kaplan-Meier method and compared by the
log-rank test. The primary endpoint of the present
study was overall survival (OS), which was calculated
from the time of surgery to the date of death from
any cause, or to the date of the last follow-up. The
secondary endpoint was recurrence-free survival (RFS),
which was defined as the duration from the date of
surgery to the date of HCC recurrence, or to the date
of the last follow-up. The prognostic values of ALC,
AMC, LMR and other clinicopathological factors were
analyzed using the Cox proportional hazards model.
Significant variables identified in univariate analysis
were included in the multivariate model. A P-value
< 0.05 was regarded as statistically significant. All
statistical analyses were performed using SPSS
software (version 17.0, SPSS Inc, Chicago, IL, United
States) and MedCalc statistical software (version
11.4.2.0, Broekstraat 52 Mariakerke, Belgium).

RESULTS
Patients’ characteristics and outcomes

All the patients had chronic HBV infection and 161
(76.7%) patients had a histological diagnosis of
cirrhosis. The median duration of follow-up was 34.8
mo (range: 1.7-106.6 mo). By the last follow-up,
110 (52.4%) patients developed tumor recurrence,
47 (22.9%) died from causes secondary to HCC
progression, and one died from cerebrovascular
disease. The 1-, 3-, and 5-year OS rates for all the
patients in this study were 95.7%, 80.9% and 75.6%,
respectively, and the 1-, 3-, and 5-year RFS rates were
69.9%, 51.7% and 42.3%, respectively.

The optimal cutoff values of LMR, ALC and AMC for
survival analyses

The best cutoff points of LMR, ALC and AMC for
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Table 1 Relationship between lymphocyte-to-monocyte ratio
and clinicopathological characteristics

Sensitivity (%)

80

Variable

60

Age (yr)
< 60
165
≥ 60
45
Gender
Female
25
Male
185
Liver cirrhosis
Absent
49
Present
161
ALT (U/L)
≤ 75
172
> 75
38
Total bilirubin (μmol/L)
≤ 34
197
> 34
13
Albumin (g/L)
< 35
15
≥ 35
195
ALP (U/L)
≤ 100
171
> 100
39
AFP (ng/dL)
≤ 400
124
> 400
86
Tumor size (cm)
≤5
157
>5
53
Tumor number
Single
184
Multiple
26
Portal vein thrombus
Absent
196
Present
14
Microvascular invasion
Absent
170
Present
40
Histological differentiation
Poor
22
Well and Moderate
188
ALC (× 109/L)
≤ 1.66
117
> 1.66
93
AMC (× 109/L)
≤ 0.29
57
> 0.29
153

40

20

0
0

20

40
60
100-specificity (%)

80

100

Figure 1 Receiver operating characteristics curve assessing the cutoff
value of lymphocyte-to-monocyte ratio for survival analyses in patients
with hepatitis B virus-associated hepatocellular carcinoma treated by
curative hepatectomy.

survival outcomes were determined by ROC curve
analyses, which indicated that the optimal LMR cutoff
value for both OS and RFS was 3.23. The LMR cutoff
point of 3.23 for OS was selected as the uniform
point in survival analyses (Figure 1). The area under
the curve (AUC) was recorded as 0.66 (95%CI:
0.593-0.725). Using the LMR value of 3.23 resulted
in the most appropriate measures of sensitivity and
specificity, which were 55.3% and 74.7%, respectively.
Similarly, the most discriminative cutoff values of ALC
9
and AMC were determined to be 1.66 × 10 /L (AUC:
9
0.58, 95%CI: 0.511-0.648) and 0.29 × 10 /L (AUC:
0.61, 95%CI: 0.542-0.678), respectively.

Correlations between preoperative LMR and
clinicopathological factors

Based on the cutoff value, all patients were
dichotomized into either a low value group or a high
value group. The relationship between preoperative
peripheral LMR levels and clinicopathological
characteristics was summarized in Table 1. Sixty-six
patients had an LMR ≤ 3.23 and one hundred and
forty-four patients had an LMR > 3.23. A low LMR
level was significantly correlated with ALC ≤ 1.66 (P
< 0.001) and AMC > 0.29 (P < 0.001). Patients with
LMR ≤ 3.23 were also prone to have liver cirrhosis (P
= 0.003), elevated levels of total bilirubin (P = 0.002)
and larger tumor size (P = 0.030).

Univariate and multivariate analyses

To identify the optimal peripheral blood immunological
biomarker for patient prognosis, the impact of ALC,
AMC and LMR on survival outcomes was investigated.
In univariate analysis for primary endpoint of OS,
ALC and AMC were shown to be significant prognostic
factors, with a P-value of 0.035 for ALC (HR = 0.511,
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No. of
patients

P value

LMR
≤ 3.23

(n = 66)

> 3.23
(n = 144)

52
14

113
31

0.959

6
60

19
125

0.394

7
59

42
102

0.003

51
15

121
23

0.238

57
9

140
4

0.002

7
59

8
136

0.303

51
15

120
24

0.294

38
28

86
58

0.769

43
23

114
30

0.030

59
7

125
19

0.597

61
5

135
9

0.952

55
11

115
29

0.552

8
58

14
130

0.598

50
16

67
77

< 0.001

3
63

54
90

< 0.001

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; ALC: Absolute
lymphocyte count; ALP: Alkaline phosphatase; AMC: Absolute monocyte
count; LMR: Lymphocyte-to-monocyte ratio.

95%CI: 0.274-0.953) and a P-value of 0.026 for AMC
(HR = 2.644, 95%CI: 1.123-6.223). The association
between LMR and OS was also proven to be
statistically significant, with a P-value < 0.001 (HR =
0.352, 95%CI: 0.199-0.623), indicating that LMR might
provide the strongest prognostic information among
these three biomarkers (Table 2). With respect to RFS,
significant differences were also observed between
low and high LMR groups (P = 0.009, HR = 0.601,
95%CI: 0.410-0.883) (Table 3). Other significant
predictors of poorer OS and RFS included a low level
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Table 2 Cox proportional hazards model of prognostic factors for overall survival in 210 patients with hepatocellular carcinoma
after curative hepatectomy
Variable

Univariate analysis

Age (yr), ≥ 60 vs < 60
Gender, male vs female
Liver cirrhosis, yes vs no
ALT (U/L), > 75 vs ≤ 75
Total bilirubin (μmol/L), > 34 vs ≤ 34
Albumin (g/L), ≥ 35 vs < 35
ALP (U/L), > 100 vs ≤ 100
AFP (ng/dL), > 400 vs ≤ 400
Tumor size (cm), > 5 vs ≤ 5
Tumor number, multiple vs single
Portal vein thrombus: yes vs no
Microvascular invasion: yes vs no
Histological differentiation, poor vs well and moderate
BCLC stage, B + C vs 0 + A
Preoperative LMR, > 3.23 vs ≤ 3.23

Multivariate analysis

HR (95%CI)

P value

0.766 (0.410-1.433)
0.829 (0.296-2.321)
7.641 (1.853-31.509)
1.513 (0.771-2.970)
2.085 (0.822-5.288)
0.242 (0.112-0.522)
2.116 (1.148-3.899)
0.956 (0.535-1.705)
2.154 (1.204-3.853)
1.048 (0.444-2.477)
3.348 (1.492-7.512)
2.121 (1.151-3.911)
2.888 (1.467-5.684)
2.110 (1.197-3.720)
0.352 (0.199-0.623)

0.404
0.721
0.005
0.229
0.122
< 0.001
0.016
0.878
0.010
0.915
0.003
0.016
0.002
0.010
< 0.001

HR (95%CI)

P value

7.084 (1.694-29.614)

0.007

2.137 (1.153-3.964)

0.016

2.307 (1.217- 4.370)
2.375 (1.195-4.721)
2.155 (1.213-3.831)
0.398 (0.219-0.725)

0.010
0.014
0.009
0.003

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; BCLC: Barcelona Clinic Liver Cancer; LMR: Lymphocyte-to-monocyte
ratio.

Table 3 Cox proportional hazards model of prognostic factors for recurrence-free survival in 210 patients with hepatocellular
carcinoma after curative hepatectomy
Variable

Univariate analysis

Age(yr), ≥ 60 vs < 60
Gender, male vs female
Liver cirrhosis: yes vs no
ALT (U/L), > 75 vs ≤ 75
Total bilirubin (μmol/L), > 34 vs ≤ 34
Albumin (g/L), ≥ 35 vs < 35
ALP (U/L), > 100 vs ≤ 100
AFP (ng/dL), > 400 vs ≤ 400
Tumor size (cm), > 5 vs ≤ 5
Tumor number, multiple vs single
Portal vein thrombus, yes vs no
Microvascular invasion, yes vs no
Histological differentiation, poor vs well and moderate
BCLC stage, B + C vs 0 + A
Preoperative LMR, > 3.23 vs ≤ 3.23

Multivariate analysis

HR (95%CI)

P value

1.319 (0.859-2.027)
0.855 (0.458-1.594)
1.316 (0.831-2.086)
1.709 (1.096-2.665)
1.471 (0.715-3.023)
0.279 (0.160-0.485)
1.506 (0.964-2.354)
0.934 (0.636-1.373)
2.020 (1.354-3.012)
1.599 (0.953-2.684)
2.282 (1.150-4.529)
1.185 (0.742-1.892)
2.628 (1.561-4.425)
1.724 (1.180-2.520)
0.601 (0.410-0.883)

0.206
0.621
0.242
0.018
0.294
< 0.001
0.072
0.730
0.001
0.075
0.018
0.478
< 0.001
0.005
0.009

HR (95%CI)

P value

1.510 (0.960-2.375)

0.074

2.610 (1.542-4.416)
1.645 (1.124-2.409)
0.584 (0.398-0.859)

< 0.001
0.010
0.006

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; BCLC: Barcelona Clinic Liver Cancer; LMR: Lymphocyte-to-monocyte
ratio.

of serum albumin, large tumor size, the presence of
portal vein thrombus, poor histological differentiation,
and an advanced BCLC stage. Moreover, liver cirrhosis,
an elevated level of serum alkaline phosphatase (ALP)
and microvascular invasion were all associated with
a shorter OS, whereas an elevated serum alanine
aminotransferase (ALT) level was correlated with
inferior RFS.
Variables showing statistical significance by
univariate analysis were included in the multivariate
Cox proportional hazard analysis (Tables 2 and 3). As
tumor size, portal vein thrombus and serum albumin
level were all associated with BCLC stage, we did not
enter these variables into further multivariate models
so as to avoid potential bias. The results revealed that
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a high preoperative LMR level was an independent
predictor of favorable prognostic measures, including
OS (HR = 0.398; 95%CI: 0.219-0.725, P = 0.003)
and RFS (HR = 0.584; 95%CI: 0.398-0.859; P =
0.006). Among the remaining factors studied, poor
histological differentiation and an advanced BCLC stage
were identified as independent indicators for inferior
RFS and OS. In addition, cirrhotic liver parenchyma, an
elevated serum ALP level and microvascular invasion
were independent factors for OS.

Comparisons of OS and RFS rates according to LMR
level

Kaplan-Meier curve analysis revealed that a low LMR
level was significantly associated with decreased
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Figure 2 Kaplan-Meier survival analysis of preoperative lymphocyte-to-monocyte ratio in patients with hepatocellular carcinoma undergoing curative
resection. A: Overall survival according to lymphocyte-to-monocyte ratio (LMR); B: Recurrence-free survival according to LMR.
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Figure 3 Kaplan-Meier survival analysis of preoperative lymphocyte-to-monocyte ratio in cirrhotic patients with hepatocellular carcinoma undergoing
curative resection. A: Overall survival according to lymphocyte-to-monocyte ratio (LMR); B: Recurrence-free survival according to LMR.

OS and DFS. The 5-year OS and RFS rates were
61.9% and 27.8%, respectively, for patients with a
preoperative LMR ≤ 3.23 and were statistically lower
than those for patients with a LMR > 3.23 (83.2%
and 47.6%, respectively; P < 0.001 and P = 0.009,
respectively; Figure 2). Subgroup analysis was
performed according to underlying cirrhosis status
(cirrhosis, n = 161; non-cirrhosis, n = 49). In cirrhotic
patients with HCC, a low preoperative LMR level was
associated with inferior OS and RFS (P = 0.003 and P
= 0.022, respectively; Figure 3). However, there were
no differences between low and high LMR levels for OS
and RFS in non-cirrhotic patients (P = 0.443 and P =
0.492, respectively).

DISCUSSION
Accumulating studies have suggested that the
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infiltrating inflammatory microenvironment may
represent an important determinant for the clinical
[7-12]
outcome of HCC
. The imbalance of inflammatory
immune cells, such as TAMs and TILs, in the tumor
microenvironment, has been proven to be an impor
[11-16]
tant regulator of progression in HCC
. Systemic
inflammatory response can be routinely determined by
traditional hematological markers, such as C-reactive
protein and neutrophil-to-lymphocyte ratio, which
are considered to be valuable prognostic factors in
[27-30]
patients with HCC
. Peripheral blood LMR, as a
novel inflammatory biomarker, has been recently
investigated and confirmed to be a predictor of clinical
[19,20]
[21]
outcomes in lymphoma
, colon cancer , non[23]
[22]
small cell lung cancer , nasopharyngeal carcinoma ,
[24]
[25]
breast cancer and gastric cancer .
To the best of our knowledge, this is the first study
to investigate the preoperative LMR as a prognostic
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marker in HCC patients initially treated by curative
hepatectomy. Only HBV-related HCC was included
to avoid potential confounding factors from different
etiologies. An objective and reliable cutoff point for
LMR was generated by employing ROC curve analysis.
Univariate analysis revealed that patients with an LMR
> 3.23 had significantly better OS and RFS than those
with an LMR ≤ 3.23. On multivariate analysis, LMR
remained an independent prognostic marker for OS
and RFS throughout the cohort. These results were
consistent with previous findings on other types of
tumors, in which a low pretreatment level of LMR was
reported as an independent unfavorable prognostic
[19-25]
factor
. However, the cutoff values were cancerspecific in the above studies, possibly reflecting the
biologic differences among these studied malignancies.
The association between decreased LMR and
poor oncologic outcome is complex and remains to
be elucidated. There are several possible reasons
accounting for this positive correlation. First, lympho
cytes are the basic components of host antitumor
immunity, which are important in the destruction of
[20-22]
residual cancer cells and related micrometastases
.
They infiltrate into tumor microenvironment and
manifest as TILs, both the quantity and the phenotype
of which may influence the effectiveness of antitumor
[8-10]
[8]
immune reaction
. Unitt et al found that reduced
+
+
lymphocyte infiltration and a low CD4 /CD8 T cell
ratio were both significant independent predictors of
HCC recurrence following liver transplantation. Two
additional studies demonstrated that low intratumoral
+
cytotoxic CD8 T and high intratumoral regulatory T
cells were associated with a poorer prognosis in HCC
[9,10]
patients after resection
. In general, peripheral
blood lymphocyte count serves as a simple surrogate
marker of the host immune status. In our study, an
association between a low level of ALC and adverse OS
was identified by univariate analysis. We also revealed
that patients with a decreased LMR had relative
lymphocytopenia, which might be responsible for an
[20-22]
incompetent immune response against tumor
.
Second, myeloid-lineage cells, including monocytes
and their progeny, are known to have immune
[31]
suppressive activity . They can also promote tumor
[21,31]
angiogenesis, tumor-cell invasion and metastasis
.
Circulating monocytes are recruited to the tumor
stroma and differentiate into TAMs. As a major
component of tumor microenvironment in HCC,
TAMs can interact with cancer cells to enhance tumor
progression by producing various cytokines and
[11-15]
chemokines
. Poor clinical outcomes associated
with high infiltrations of TAMs have been indicated
[15]
[16]
by Zhu et al
and Kong et al . Peripheral blood
monocytes may reflect the formation or existence
[23]
of TAMs . The pro-tumorigenic effect of monocytes
on HCC has been associated with poor prognosis, as
[17]
[18]
demonstrated by Sasaki et al
and Shen et al
and validated in the current study, which showed that
monocytosis was associated with poor OS in patients
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with HCC after resection.
These data indicate that LMR might act as the
surrogate marker which reflects the interaction
between host immunity (i.e., ALC) and tumor micro
environment (i.e., AMC). The presence of preoperative
lymphopenia and monocytosis both served as
predictors of inferior OS in our study. However, as
the combination of ALC and AMC, LMR provided a
better prognostic value. A decreased LMR reflects an
inflammatory status that favors tumor progression and
impairs host immune surveillance, both of which are
associated with poor oncologic outcome. Pretreatment
LMR level was also inversely correlated with the
presence of liver cirrhosis, and the poor outcome
predicted by low LMR level was shown only in cirrhotic
patients, not in non-cirrhotic ones. These results
indicate that the association between cirrhosis and LMR
may be an important mechanism for HCC progression.
LMR is a simple and easily assessable clinical
biomarker for prognostic stratification of HBVassociated HCC patients after hepatectomy.
However, findings of the current study should be
interpreted within its possible limitations. First,
formal investigations on the specific components of
tumor microenvironment in this population were not
performed. Second, due to the retrospective design of
the study, selection bias was inevitable, which might
have influenced the survival analysis. Third, as the
study cohort was comprised of a small single-center
sample, we were unable to divide the data set into a
training set and a testing set for statistical validation.
In conclusion, our study is the first to demonstrate
that preoperative LMR can serve as an independent
prognostic factor for patients with HBV-associated HCC
undergoing curative resection. As a simple and costeffective biomarker, LMR could be used to identify
HCC patients with a poorer survival, especially those
with cirrhotic livers, which may guide postoperative
treatment. Future biological studies should further
correlate LMR with the tumor microenvironment.
Prospective studies with larger cohorts are awaited
to validate the clinical usage of LMR as a prognostic
marker for HCC patients.
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However, the prognostic value of LMR in patients with HCC remains unknown.

7

Research frontiers

The prognostic value of LMR has been widely investigated in hematological
malignancies such as diffuse large B-cell lymphoma and Hodgkin’s lymphoma.
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Abstract
AIM: To explore gastroenterologist perceptions towards
and experience with faecal microbiota transplantation
(FMT).
METHODS: A questionnaire survey consisting of 17
questions was created to assess gastroenterologists’
attitude towards and experience with FMT. This was
anonymously distributed in hard copy format amongst
attendees at gastroenterology meetings in Australia
between October 2013 and April 2014. Basic descriptive
statistical analyses were performed.
RESULTS: Fifty-two clinicians participated. Twenty
one percent had previously referred patients for FMT,
8% more than once. Ninety percent would refer
patients with Clostridium difficile infection (CDI) for
FMT if easily available, 37% for ulcerative colitis,
13% for Crohn’s disease and 6% for irritable bowel
syndrome. Six percent would not refer any indication,
including recurrent CDI. Eighty-six percent would enroll
patients in FMT clinical trials. Thirty-seven percent
considered the optimal mode of FMT administration
transcolonoscopic, 17% nasoduodenal, 13% enema
and 8% oral capsule. The greatest concerns regarding
FMT were: 42% lack of evidence, 12% infection risk,
10% non infectious adverse effects/lack of safety
data, 10% aesthetic, 10% lack of efficacy, 4% disease
exacerbation, and 2% inappropriate use; 6% had no
concerns. Seventy seven percent believed there is
a lack of accessibility while 52% had an interest in
learning how to provide FMT. Only 6% offered FMT at
their institution.
CONCLUSION: Despite general enthusiasm, most
gastroenterologists have limited experience with, or
access to, FMT. The greatest concerns were lack of
supportive evidence and safety issues. However a
significant proportion would refer indications other than
CDI for FMT despite insufficient evidence. These data
provide guidance on where education and training are
required.
Key words: Perceptions; Gastroenterologist; Clostridium
difficile ; Inflammatory bowel disease; Faecal microbiota
transplantation

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study assessing the expe
riences, attitudes and practice of gastroenterologists
towards faecal microbiota transplantation (FMT) across
a range of indications other than just Clostridium
difficile infection. Despite general enthusiasm, most
gastroenterologists have limited experience with,
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or access to, FMT. Views differ widely regarding the
potential therapeutic role of FMT in various gastroin
testinal diseases. Major concerns include lack of
evidence and safety data, infection risk, aesthetic factors
and possible lack of efficacy. There is limited familiarity
with the current evidence base and appropriate
indications for FMT highlighting the need for education
on where FMT fits in to current clinical practice.
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INTRODUCTION
The last few years has seen a surge in interest in
[1]
faecal microbiota transplantation (FMT) . While not
a new treatment, until recently it was regarded as an
“alternative” therapy with little scientific basis, outside
the realm of mainstream medical practice and offered
by only a handful of centres worldwide. The dramatic
change is largely attributable to the remarkable
efficacy of FMT in recurrent Clostridium difficile
[2,3]
infection (rCDI) at a time of a global CDI epidemic .
[4-6]
The cure rate of approximately 90% for FMT in rCDI
is much superior to the 20%-30% success rates
associated with prolonged anti-microbial therapy.
The rapid advancements in gastrointestinal
microbiota research including the work of large national
and multinational collaborative projects such as the
[7,8]
Human Microbiome Project
have further fueled
interest in the role of the gastrointestinal microbiota
in health and disease, and the therapeutic potential
of FMT. Such research has linked gastrointestinal
[9]
dysbiosis to enteric
conditions as varied as
[10,11]
inflammatory bowel disease (IBD)
, irritable bowel
[12]
syndrome (IBS), and colorectal cancer , and to
systemic conditions including obesity and metabolic
[13,14]
[15]
syndrome
, cardiovascular disease , and liver
[16]
disease . Clinical trials are currently underway in
several of these conditions.
The role of the gastrointestinal microbiota in health
and disease and the “promise” of FMT has captured
the attention of patients, the general community and
mainstream media. Patients are attracted to FMT as
they perceive it as a “natural” and “holistic” therapy
which seems safer than long term medications and
[17]
their associated side effects . This is despite a
lack of long term safety data and initial reports of
[18]
potential far reaching complications . Studies have
demonstrated that the aesthetics of using faecal
material is not as significant a deterrent for patients as
[19,20]
previously expected
. There appears to be patient
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Figure 2 Perceived faecal microbiota transplant indications.

enthusiasm to make this therapy available for a range
of conditions, despite the paucity of evidence outside
the setting of CDI. This is reflected in the number of
patient FMT self-help and do it yourself websites and
forums.
The view of gastroenterologists towards FMT is
less clear. While there is increasing research in the
field of FMT, this appears to be tempered by concerns
about lack of efficacy and safety data, and ongoing
skepticism regarding the mechanism of action of FMT
[20]
therapy . There are only a few reports assessing the
sentiments of gastroenterologists and other physicians
[21,22]
with regards to FMT in CDI
. To our knowledge,
the perceptions of gastroenterologists towards FMT
for indications other than CDI has not been assessed.
This survey of Australian gastroenterologists aimed
to determine the wider gastroenterology community
attitudes towards, and experience with, FMT.

MATERIALS AND METHODS
A questionnaire survey was created to assess
gastroenterologists’ attitude towards and experience
with FMT (Table 1). It consisted of 17 questions. This
was anonymously distributed in hard copy format
amongst attendees at gastroenterology meetings in
Australia between October 2013 and April 2014. Basic
descriptive statistical analyses were performed using
SPSS Statistics Version 22.0.

RESULTS
52 clinicians participated in the survey. Subspecialty
breakdown of respondents is shown in Figure 1.
The general physicians included in the data set are
those with dual training or a specialty interest in
gastroenterology. With regards to nature of practice, 14
(27%) were public hospital staff specialists, 13 (25%)
visiting medical officers, 11 (21%) solely in private
practice, 10 (19%) trainee gastroenterologists in the
public hospital system, 3 (6%) public hospital staff
specialists with associated private practice, and 1 (2%)
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a predominantly research-based gastroenterologist.

Experience with FMT

Twenty-seven respondents (52%) had never been
consulted by a patient who had received FMT before.
Eleven (21%) reported having referred a patient for
FMT: 7 respondents (13%) had referred a patient
for FMT once, 1 respondent (2%) three times, 1
respondent (2%) four times, 1 respondent (2%)
six times and 1 respondent (2%) over one hundred
times. Three respondents (6%) were offering FMT as a
therapeutic option at their practice or institution.

Current stance on FMT indications

The current stance of respondents towards various
FMT indications is shown in Figure 2. Forty-seven
respondents (90%) would refer patients with CDI
for FMT if it were easily available. Regarding other
indications, 19 (37%) would refer patients with
ulcerative colitis, 7 (13%) for Crohn’s disease and 3
(6%) for IBS. Three (6%) would not consider referring
for FMT for any indication. No respondent reported
that they would advise against FMT if approached by
a patient interested in undergoing such treatment; 3
(6%) reported they were ambivalent, 15 (29%) stated
they would acknowledge the patient’s interest and
refer for FMT, 26 (50%) would only refer for FMT for
the indication of rCDI while 21 (40%) would suggest
patients only participate in clinical trials of FMT. Forty
five respondents (86%) would be willing to enroll their
patients in clinical trials assessing FMT, three (6%)
were unsure and 1 (2%) was not willing [3 (6%) non
respondents]. Twenty-six (50%) would consider FMT
as a last resort therapy for a medical condition where
FMT was speculated to have benefit if their patient had
refractory disease and was facing surgery while 12
(23%) said they would only do so in the context of a
clinical trial.

Perceived efficacy of FMT

Regarding the statement “I don’t believe in FMT
and I don’t think it is an effective therapy”: 1 (2%)
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Table 1 Gastroenterologist “faecal microbiota transplantation” perceptions survey
Gastroenterologist “faecal microbiota transplantation” (fmt) perceptions survey
1: How would you best describe yourself? (may select more than one option)
a: General Gastroenterologist
b: Hepatology subspecialist
c: Inflammatory Bowel Disease subspecialist
d: Advanced/Therapeutic endoscopy subspecialist
e: Gastroenterology trainee
f: Other; please describe in space below
2: What is the nature of your practice/work? (may select more than one option)
a: Staff Specialist
b: Public Hospital Visiting Medical Officer
c: Private Practice
d: > 40% Medical Research
e: Other; please describe in space below
3: Have you been consulted by a patient who has had FMT before? If yes please circle the indication for the FMT (may select more than one option)
a. No
b: Clostridium difficile
c: Ulcerative Colitis
d: Crohn’s disease
e: Irritable bowel syndrome
f: Other; please describe in space below
4: Have you ever referred a patient for FMT before?
a: Yes – please elaborate in space below (indication, number of referrals, outcome)
b: No
5: Please select which of the following indications, if any, you would consider referring for FMT if easily available (may select more than one option)
a: Clostridium difficile
b: Ulcerative Colitis
c: Crohn’s disease
d: Irritable bowel syndrome
e: Other; please list in space below
f: I would not consider referring for FMT for any indication
6: If a patient saw you and expressed interest in undergoing FMT would you (you may select more than one option)
a: Advise against it
b: Remain ambivalent
c: Acknowledge their interest and refer them for FMT
d: Only refer them for FMT for the indication of recurrent Clostridium difficile
e: Suggest they only participate in clinical trials involving FMT
f: Other; please describe in space below
7: Please select your response in answer to each of the following potential concerns with FMT
a: I don’t believe in FMT and I don’t think it is an effective therapy
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
b: While FMT may work at present there is inadequate evidence for efficacy
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
c: There is a significant infection risk from donor stool despite screening
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
d: I have other safety concerns regarding non-infectious adverse reactions with FMT
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
e: There is a risk of disease exacerbation with FMT
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
f: I don’t think my patients would contemplate or consent to FMT
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
g: “Yuck” factor (Aesthetics)
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
h: Lack of availability/accessibility to FMT
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
i: Other; please describe in space below
8: What is your greatest concern, if any, regarding FMT? Please select only one
a: Lack of efficacy
b: Lack of evidence
c: Infection risk from donor stool despite screening
d: Non infectious adverse reaction and lack of safety data
e: Possible disease exacerbation
f: “Yuck” factor of donor stool
g: None; I have no concerns regarding FMT
h: Other; please list in space below
9: How do you feel the potential risks of FMT compare with blood transfusion or other biologic product administration?
a: More risk with blood transfusion than FMT
b: More risk with FMT than blood transfusion

WJG|www.wjgnet.com

10910

October 14, 2015|Volume 21|Issue 38|

Paramsothy S et al . Gastroenterologist perceptions of FMT
c: Not sure
d: Other; please describe in space below
10: What do you think is the optimal modality through which to deliver FMT?
a: Transcolonoscopic
b: Enema based
c: Nasoduodenal/jejunal
d: Other; please list in space below
e: I don’t have an opinion
11: If your patient had exhausted all other medical options and was facing surgery for refractory disease in which FMT has been suggested as a
potential therapeutic option, would you consider FMT as a last resort therapy?
a: Yes
b: Yes but only for Clostridium difficile
c: Yes but only in a clinical trial
d: Not sure
e: No
f: Other; please describe in space below
12: Do you think FMT holds promise as a potential future therapy for certain gastrointestinal diseases?
a: Yes
b: No
c: Not Sure
d: Other; please describe in space below
13: Would you be willing to enroll your patients in clinical trials assessing FMT?
a: Yes
b: No
c: Not Sure
d: Other; please describe in space below
14: In the next 3 yr, do you foresee a situation where you would consider referring a patient for FMT outside a clinical trial if a trusted service was
available? Please select your answer for each of the following indications
a. No, I would not consider referring for FMT for any indication
b: Recurrent Clostridium difficile infection
Highly Likely
Somewhat Likely
Somewhat Unlikely
Highly unlikely
c: Ulcerative Colitis
Highly Likely
Somewhat Likely
Somewhat Unlikely
Highly unlikely
d: Crohn’s disease
Highly Likely
Somewhat Likely
Somewhat Unlikely
Highly unlikely
e: Irritable bowel syndrome or other functional gut disorder
Highly Likely
Somewhat Likely
Somewhat Unlikely
Highly unlikely
15: With regards to FMT, please select your response to the following statements
a: I already offer FMT as a therapeutic option in my practice
b: I have an interest in learning how to process and administer FMT so that I or my institution can arrange such therapy for our patients independently
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
c: I believe a few select centres that satisfy appropriate regulatory requirements should be available in my city to offer FMT
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
d: I don’t believe the therapy should be available for routine clinical use
Strongly Disagree
Somewhat Disagree
Somewhat Agree
Strongly Agree
16: After reviewing the attached FOCUS study letter of invitation, protocol summary and selection criteria
a: Are you likely to refer patients who meet selection criteria to this study?
Highly Likely
Somewhat Likely
Somewhat Unlikely
Highly unlikely
b: Do you have any actual patients in mind that you would consider referring to this study?
Highly Likely
Somewhat Likely
Somewhat Unlikely
Highly unlikely
17: Any other comments regarding FMT that you wish to make?

strongly agreed, 7 (14%) somewhat agreed, 20 (38%)
somewhat disagreed and 22 (42%) strongly disagreed
[2 (4%) non respondents]. Regarding the statement
“While FMT may work at present there is inadequate
evidence for efficacy”: 6 (12%) strongly agreed,
25 (48%) somewhat agreed, 13 (25%) somewhat
disagreed and 6 (12%) strongly disagreed [2 (4%)
non respondents].

Perceived safety of FMT

Thirteen respondents (25%) somewhat agreed that
there was a significant infection risk from donor
stool despite screening, while 27 (52%) somewhat
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disagreed and 10 (19%) strongly disagreed [2
(4%) non respondents]. Regarding safety concerns
pertaining to non infectious adverse reactions with
FMT, 1 (2%) strongly agreed, 18 (34%) somewhat
agreed, 26 (50%) somewhat disagreed and 6 (12%)
strongly disagreed [1 (2%) non respondents]. 21
respondents (40%) somewhat agreed there was a risk
of disease exacerbation with FMT, 26 (50%) somewhat
disagreed and 3 (6%) strongly disagreed [2 (4%) non
respondents]. Twenty four respondents (46%) felt
the potential risks of FMT were less than for a blood
transfusion or other biologic product administration,
24 (46%) were unsure and 2 (4%) felt FMT was more
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Figure 4 Optimal modality of administration.
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Figure 3 Greatest concerns about faecal microbiota transplant.

risky than a blood transfusion or other biologic product
administration [2 (4%) non respondents].

Perceived patient acceptance of FMT

One respondent (2%) strongly believed that their
patients would not contemplate or consent to FMT,
13 (25%) somewhat agreed, 28 (54%) somewhat
disagreed and 9 (17%) strongly disagreed [1 (2%)
non respondent]. Nine respondents (17%) strongly
believed their patients would be put off by the
aesthetics of FMT, 24 (46%) somewhat agreed, 12
(23%) somewhat disagreed while 6 (12%) strongly
disagreed [1 (2%) non respondent].

Greatest concerns regarding FMT

The greatest concerns regarding FMT are shown in
Figure 3. Lack of evidence was the most commonly
cited concern (42%) with safety/adverse events
(infectious and non infectious), lack of efficacy and
aesthetic factors also reported frequently.

Availability and accessibility of FMT

Seventy-seven percent of respondents agreed that
there is a lack of availability or accessibility to FMT.
Fifty two percent had an interest in learning how to
process and administer FMT so their institution could
offer the therapy. Seventy-nine percent agreed (35%
strongly agreed, 44% somewhat agreed) with the
statement that a few centres that satisfy appropriate
regulatory requirements should be available in any
area or region to offer FMT. Regarding the statement
that FMT should not be available for routine clinical
use, 3 (6%) strongly agreed, 14 (27%) somewhat
agreed, 22 (42%) somewhat disagreed and 8 (15%)
strongly disagreed [5 (10%) non respondents].

Route of administration and future of FMT

Figure 4 shows the perceived optimal modality of FMT

WJG|www.wjgnet.com

administration with the transcolonoscopic route most
popular (37%) followed by nasoduodenal (17%),
while a significant proportion had no opinion. When
asked if they thought FMT held promise as a future
therapy for certain gastrointestinal diseases, 77%
said yes, 15% were unsure and 4% said no. (4% non
respondent). When asked whether in the next 3 years
they could foresee referring for FMT outside a clinical
trial if a trusted service was available, none stated
no for all indications, 60% said highly likely and 29%
somewhat likely for rCDI, 13% said highly likely and
50% somewhat likely for UC, 4% said highly likely and
44% somewhat likely for Crohn’s disease, 31% said
somewhat likely, 33% somewhat unlikely and 31%
said highly unlikely for IBS.

DISCUSSION
To our knowledge this is the first report assessing the
perception and practice of gastroenterologists towards
FMT across a range of indications other than rCDI.
This study suggests that views vary widely amongst
gastroenterologists regarding the role of FMT. Despite
general enthusiasm, experience with FMT remains
limited and lack of accessibility appears to be a
contributing factor.
The most commonly reported concern by
gastroenterologists regarding FMT was the lack of
evidence about efficacy. Almost 60% felt that while
FMT may be effective, at present there is inadequate
supportive evidence and this was the major concern
cited by almost half of respondents. However at the
same time, despite a limited evidence base many
gastroenterologists advocated FMT for indications
other than rCDI. Over a third reported they would
refer their UC patients for FMT if easily available, 10%
would refer Crohn’s disease, and 6% for IBS. Almost
a third were happy to refer patients with non CDI
indications for FMT outside a clinical trial setting. At the
other extreme, around 15% did not believe FMT was
an effective therapy and a small proportion would not
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refer any patient for FMT, even in the setting of CDI,
despite the growing body of evidence demonstrating
efficacy and short term safety of this therapy in a
condition with significant morbidity and mortality.
The majority of surveyed gastroenterologists did not
express reservations regarding the safety of FMT from
infection transmission, other non infectious adverse
events or disease exacerbation, despite relatively
limited short term data and negligible long term data.
Almost three quarters of gastroenterologists
surveyed believed their patients would contemplate or
consent to FMT, though almost two thirds believed they
would be concerned by the aesthetic factor. Published
studies on patient perception towards FMT have found
a majority would consider such therapy and that
the aesthetic factor is not a major issue, suggesting
the perception of gastroenterologists are only partly
[17,19]
consistent with those of their patients
. However
there appears to be improvement in gastroenterologist
awareness of patient attitudes towards FMT compared
to the earliest report assessing gastroenterologist
perceptions of FMT in which 71% cited lack of patient
acceptance and tolerability as the main barrier to FMT
[21]
for CDI .
Half the respondents felt a lower gastrointestinal
route was the optimal mode of FMT administration,
with only a quarter advocating an upper gastro
intestinal route and the remainder not having an
opinion. These findings may be influenced to some
degree by the ease of endoscopic access and admini
stration available to gastroenterologists. A small
number volunteered that oral capsule would be the
optimal method despite this not being listed as a prespecified choice on the questionnaire and minimal
publications at the time of survey distribution reporting
its use; the evidence for such a mode of delivery in
rCDI is only just appearing in clinical trials.
Over three quarters of respondent gastroentero
logists believe FMT holds promise as a potential
therapy for certain gastrointestinal diseases, and
would be willing to enroll their patients in FMT clinical
trials. In the next 3 years, the majority expected they
would be referring patients for FMT outside a clinical
trial setting for both rCDI and UC if a trusted service
was available, almost 50% for Crohn’s disease and one
third for IBS. This represents a significant shift in the
last few years from when less than half of respondent
gastroenterologists would consider FMT in the setting
[21]
of CDI , despite arguably more convincing evidence
at that stage for FMT in CDI than currently exists for
FMT in non CDI settings.
A limitation of this study is the relatively small total
respondent number. Furthermore, it was not possible
to determine the response rate as the method of
survey distribution involved circulating hard copies of
the questionnaire at gastroenterology meetings rather
than formal mailbox or email distribution. Finally,
all respondents were Australian gastroenterologists,
the majority from Sydney, potentially limiting the
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generalisability of the responses.
This study is the first report of gastroenterologist
practice and perceptions regarding the use of FMT
to include indications beyond rCDI. It highlights
that while there is a large degree of interest in FMT
amongst the profession, experience remains limited
and opinions conflicting regarding its therapeutic
potential and safety, sometimes inconsistent with the
current medical evidence base. It indicates areas of
educational need, and the need to address patients’
expectations.
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Faecal microbiota transplantation (FMT) has attracted substantial interest over
recent years from researchers, clinicians, patients and mainstream media due
to its extraordinary efficacy in the treatment of recurrent Clostridium difficile
infection (rCDI), a condition with significant morbidity and mortality. As a result,
there is growing interest in exploring the potential for FMT in the treatment
of other disease states where pathogenesis is presumed to be secondary to
dysbiosis. However concerns have been raised about the lack of efficacy and
safety data along with limited accessibility and experience outside specialized
centres.

Research frontiers

While interest in FMT is growing, controversy exists regarding potential
indications, efficacy and safety for FMT. While patient perceptions of FMT have
been reported and suggest widespread interest and enthusiasm, the overall
opinions and experience of gastroenterologists related to FMT are not clear and
have not been studied for conditions other than just CDI. The research hotspot
this study addresses is to explore gastroenterologist attitudes towards, and
experience with, FMT in general.

Innovations and breakthroughs

In recent years, uncontrolled and controlled studies have demonstrated that
FMT is highly effective in the treatment of CDI. However data is still lacking
regarding long term safety and non infectious adverse events. Controlled
efficacy data for other potential indications are required though several clinical
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This study suggests that while there is general interest in FMT, experience
and accessibility are major limiting factors for most gastroenterologists that
need to be addressed. Knowledge of current evidence based indications was
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FMT involves the transfer of faecal material (and associated microbiota) from a
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The mechanism of action is generally believed to be via correction of underlying
disease dysbiosis. Dysbiosis is a disturbance in the natural balance of the
microbial ecology of a part of the body.
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AIM: To evaluate transvaginal hybrid-NOTES cholecy
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METHODS: The specific problems and benefits of TVC
were reviewed using a registry analysis, a comparative
cohort study and a randomized clinical trial. At first,
feasibility, safety and specific complications of the
TVC were analyzed based on the first 488 data sets
of the German NOTES Registry (GNR). Hereafter,
we compared the early postoperative results of our
first 50 TVC-patients with those of 50 female LCpatients matched by age, BMI and ASA classification.
The same cohort was contacted an average of two
years later to evaluate long-term results concerning
pain and satisfaction with the aesthetic results and
the overall postoperative results as well as sexual
intercourse by means of two domains of the German
version of the Female Sexual Function Index (FSFI-d).
Consequently, we performed a randomized clinical trial
comparing 20 TVC-patients with 20 needlescopic/3trocar cholecystectomies (NC) also concerning the early
postoperative results as well as pain, satisfaction and
quality of life by means of the Eypasch Gastrointestinal
Quality of Life Index (GIQLI) in the later course. Finally,
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we discussed the results in accordance with other
published studies.

com/1007-9327/full/v21/i38/10915.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10915

RESULTS: The complication (3.5%) and conversion
rates (4.1%) for TVC were low in the GNR and
comparable to those of the LC. Access related
intraoperative complications included injuries to the
bladder (n = 4; 0.8%) and bowel (n = 3; 0.6%).
The study cohort revealed less postoperative pain
after TVC comparing to the LC-patients on the day
of surgery (NRS, 1.5/10 vs 3.1/10, p = 0.003), in the
morning (NRS, 1.9/10 vs 2.8/10, p = 0.047) and in
the evening (NRS, 1.1/10 vs 1.8/10, p = 0.025) of
postoperative day (POD) one. The randomized clinical
trial consistently found less cumulative pain until POD 2
(NRS, 8/40 vs 14/40, p = 0.043), as well as until POD
10 (NRS, 22/190 vs 41/190, p = 0.010). Furthermore,
the TVC-patients had a better quality of life on POD 10
than did the LC-patients (GIQLI, 124/144 vs 107/144, p
= 0.028). The complication rates were comparable and
no specific problems were detected in the long-term
follow-up for sexual intercourse for either group. The
TVC-patients were more satisfied with the aesthetic
result in the long-term course in the matched cohort
analysis (1.00 vs 1.88, p < 0.001) as well as in the
randomized clinical trial (1.00 vs 1.70, p < 0.001) when
compared with the LC-patients.
CONCLUSION: TVC is a feasible procedure with
a high safety profile and has advantages in regard
to postoperative pain and aesthetic results when
compared with LC or NC.
Key words: NOTES; Cholecystolithiasis; Postoperative
complications; Postoperative pain; Transvaginal hybridNOTES cholecystectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transvaginal hybrid-NOTES cholecystectomy
(TVC) increased in popularity after its introduction
in 2007. We systematically evaluated this new
technique with regards to its specific complications and
advantages compared with those of the laparoscopic
technique (LC) using a registry analysis, a matched
cohort analysis and a randomized clinical trial. TVC had
a low conversion rate and complication rate. Injuries to
the bladder and urinary tract infections were rare but
access-specific complications. TVC-patients showed less
postoperative pain and a better quality of life in the
short-term course than did the LC-patients. TVC led to
an improved satisfaction with the aesthetic results also
in long-term course. No specific problems, not even for
sexual intercourse, were detected.
Bulian DR, Knuth J, Lehmann KS, Sauerwald A, Heiss MM.
Systematic analysis of the safety and benefits of transvaginal
hybrid-NOTES cholecystectomy. World J Gastroenterol 2015;
21(38): 10915-10925 Available from: URL: http://www.wjgnet.
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INTRODUCTION
On one hand, operative procedures serve to heal or at
least alleviate disease or disease-related complaints.
On the other hand, these methods hold general and
specific risks and obviously harm the physical integrity
of the patient. Operative risks result not only from the
actual procedure on the target organ but also from the
necessary access. The consequences and risks of longterm common abdominal access, namely laparotomy,
[1]
[2,3]
are pain at the incision site , wound infection ,
[4-6]
burst abdomen
, incisional hernias and scarring.
They may result in a prolonged hospital stay, increased
lethality, and possibly further procedures to correct
[7-9]
associated complications
. To avoid or at least
reduce the access-related problems mentioned above
by reducing the access inherent trauma, laparoscopy
[10,11]
was developed
. However, the completely
unaccustomed instrument handling demanded new,
initially unfamiliar skills. This resulted in an increased
initial complication rate, e.g., bile duct injuries during
[12]
cholecystectomy .
For many decades, gynecological intraperitoneal
procedures have been performed by avoiding the
abdominal wall and instead utilizing a natural orifice,
[13-15]
namely the transvaginal access point
. In 2004,
[16]
Kalloo et al
introduced the NOTES-concept for
gastroenterologic disease treatment. As a result,
cholecystectomy was performed transvaginally by
[17-21]
several groups in 2007
. Even prior to that, the
[22]
retrieval of larger specimens, such as the spleen ,
and even the gallbladder during cholecystectomies in
[23]
cases of large stones , were performed transvaginally
but without attracting much attention in the abdominal
surgery field. It was not until the aim of performing
an operation completely through a natural orifice
with a flexible endoscope became desirable that the
development of several techniques and the distribution
of the NOTES-concept itself gained momentum.
However, intraabdominal procedures are only
performed with great difficulty when employing the
currently available standard endoscopes. Thus, several
[24]
clinics
established transvaginal/transumbilical
Hybrid-NOTES cholecystectomy (TVC) using rigid
[17]
instruments as described by Zornig et al .
Based on experiences with the clinical imple
mentation of the traditional laparoscopic cholecy
stectomy (LC) at the end of the 1980’s including the
already mentioned higher rate of complications, a
concomitant evaluation of the clinical implementation
of TVC as a new method in surgery seemed
obligatory. Apart from its safety, investigations into
additional benefits for the patients, such as reduced
postoperative pain, required clarification.
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Table 1 Overview of the studies that were included for the analysis
Study
Registry analysis[24]
Cohort study A[25]
(Early postoperatively)
Cohort study B[26]
(24 mo postoperatively)
NATCH-study[29]
(Early postoperatively)
NATCH-study[30]
(3 and 6 mo postoperatively)

Patients

Study aim

551
(488 TVC)
100
(50 TVC; 50 LC)
881
(46 TVC; 42 LC)
40
(20 TVC; 20 NC)
40
(20 TVC; 20 NC)

Technical and clinical feasibility
Safety (particularly regarding access related complications)
Benefit (postoperative pain)
Disadvantages (specific complications)
Long-term problems (particularly regarding sexual intercourse)
Patient satisfaction
Benefit (postoperative pain)
Disadvantages (specific complications)
Long-term problems (particularly regarding sexual intercourse)
Patient satisfaction

1

From the collective of cohort study A. TVC: Transvaginal cholecystectomy; LC: Traditional laparoscopic cholecystectomy; NC: Needlescopic 3-trocarcholecystectomy.

[24]

MATERIALS AND METHODS
The following aspects were evaluated by our study
group in different trials/studies and will be discussed in
this review: feasibility of TVC in clinical routine, safety
of the method, possible access-related complications,
potential for less postoperative pain when compared
with LC, negative influence on sexual life due to
transvaginal access, higher patient satisfaction with
the esthetic result compared with LC and evaluation of
morphological changes as a result of the transvaginal
access.
For clarification of these problems, five analyses
were used on three different studies with a different
conceptual design (Table 1).
[24]
On the basis of a national registry , feasibility and
safety, including access-related complications, were
analyzed.
On the basis of a comparative cohort study
[25]
for our first 50 TVCs , the expected advantage
regarding reduced postoperative pain and other
early postoperative parameters were evaluated in
comparison with LC. To record more than just shortterm complications, a two-year follow-up exam of
the same patients was conducted in order to detect
and compare problems concerning sexual life and
[26]
satisfaction with the esthetic result .
Because there is evidence for the usage of mini[27,28]
instruments to reduce postoperative pain in LC
and a reduction of the number of trocars should have
a similar effect, a prospective/randomized, unblinded,
single center trial was initiated to compare TVC with
the allegedly least traumatizing technique for the
abdominal wall, which is the needlescopic 3-trokar[29]
cholecystectomy (NC) .
Apart from short-term advantages, long-term
safety was also assessed in the prospective/rando
mized trial. Thus, parameters regarding sexual life and
patient satisfaction were also registered at three and
[30]
six months postoperatively .

Step 1: registry analysis

The German registry for natural orifice translumenal
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endoscopic surgery: report of the first 551 patients .
The German NOTES Registry (GNR) was implemented
in March 2008. All surgical departments in Germany were
invited via mail, email, and conference participation, to
document all NOTES-related procedures in the GNR via
an online portal that was especially programmed for this
purpose. Participation was voluntary, pseudonymized,
not linked to any membership and free of charge after
creating an account for the respective department.
Technical realization was carried out by the DGAV. In
our clinic, all NOTES-related procedures were registered
in the GNR.
Registered data included general and patient related
data, target organ, therapy and postoperative course.
The first published analysis after documentation
of more than 550 cases was analyzed using SPSS,
version 16 (IBM Germany, Ehningen) and SAS, version
9.2 (SAS Institute, United States, North Carolina).
Apart from descriptive statistics of all procedures,
a sub group analysis was planned for those target
organs that made up for more than 15% of the overall
procedures or an absolute number of more than 50
procedures. Eventually, this criterion applied to the
target organ “gallbladder” only.

Step 2: matched cohort analysis; short-term results

Less pain after transvaginal/transumbilical cholecy
stectomy than after the classical LC: short-term results
[25]
of a matched-cohort study .
In our clinic, the first TVC was performed on
December 8, 2008. Since then, for all patients with
an indication for elective cholecystectomy (CHE) due
to symptomatic cholecystolithiasis, the following pre-,
intra- and postoperative parameters were recorded
and documented in a prospective data base: age, body
mass index (BMI), comorbidities, previous abdominal
surgery, American Society for Anesthesiologists (ASA)classification, history of cholecystitis or cholestasis,
date of the operation, procedural time, amount
of percutaneous trocars, conversion, pre- and
postoperative leukocytes, CRP and bilirubin, intra- and
postoperative complications, histopathological results,
pain [in the recovery room and on the morning and
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evening of the first postoperative day as measured
[31]
blindly using the numeric rating scale (NRS-11)
from 0 (no pain) to 10 (worst imaginable pain) by
nurses especially trained for this purpose], analgesic
consumption, time of first solid food intake and
postoperative hospital stay.
The choice of technique was made by the patients
after informed consent about the possible advan
tages and disadvantages of both TVC and LC
was obtained. Additionally, all TVC-patients were
preoperatively examined by a gynecologist to exclude
contraindications for a transvaginal procedure.
Perioperative treatment was the same for both groups.
TVC-patients were advised to abstain from penetrating
sexual intercourse for two weeks postoperatively.
Furthermore, there was a gynecological re-examination
after ten to twelve days.
[17]
TVC was performed as described by Zornig et al .
For LC, four trocars were used: two 11 mm- and two 6
mm-trocars. The gallbladder was retrieved through the
umbilical trocar access, which was increased in size in
cases of multiple or large stones.
A comparative analysis of the first 50 TVC-patients
with 50 traditional laparoscopic patients (LC-group)
from the same time period matched according to age,
BMI and ASA classification, was conducted.

Step 3: matched cohort analysis; long-term results

Long-term results of transvaginal/transumbilical vs
classical laparoscopic cholecystectomy - an analysis of
[26]
88 patients .
[25]
All 100 patients of the previous cohort study
were contacted via telephone after an average of 2.05
years (1.04-3.14) postoperatively. They were asked to
answer a questionnaire about the postoperative course
and their satisfaction. A standardized questionnaire
was sampled via telephone. Alternatively, patients
were offered to have the questionnaire sent to them
with a self-addressed stamped envelope.
All telephone interviews were conducted by the
same female interviewer to avoid not only interper
sonal variability but also patients’ reservations toward
a male interviewer especially in regard to items
dealing with sexuality. Evaluation was anonymous.
The questionnaire was comprised of 48 items including
five items about previous abdominal surgery, five
items about previous deliveries, 13 items about the
postoperative course, three general items about
sexual intercourse, three items each of the domains
“satisfaction” and “pain” of the German version of the
Female Sexual Function Index (FSFI-d; items 14-16
[32,33]
and 17-19)
related to three different points in
time (cooperatively, early postoperatively and during
the last four weeks before the interview), two items
each about satisfaction with the esthetic result and
the overall surgical result (very satisfied/satisfied/
ambiguous/dissatisfied/very dissatisfied) as well as
two items about the patient’s choice of technique in the
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hypothetical case of a new necessary cholecystectomy
and whether or she would recommend the technique
to friends or relatives. Data processing and statistical
analysis was conducted using SPSS, Version 19 (IBM
Germany, Ehningen).

Step 4: randomized clinical trial; short-term results

Transvaginal/transumbilical hybrid-NOTES vs 3-trocar
needlescopic cholecystectomy: short-term results of a
[29]
randomized clinical trial
After preparation of a study protocol, calculation
of sample size, approval by the ethics committee and
registration of the study, 40 patients were included in a
randomized, prospective, single center and unblinded
clinical trial between February 2010 and June 2012.
Randomization was 1:1 for TVC and NC. All procedures
were conducted by the same surgeon in order to
avoid not only interindividual differences but also
the influence of a learning curve, which was already
completed for the performing surgeon at the beginning
of the trial.
Postoperative pain medication, return to food
intake and dismissal criteria were standardized and
identical for both groups. On postoperative day ten,
the first post-dismissal examination took place and
included a clinical exam and inquiry of the esthetic
result both by the study-physician and the patient
using a satisfaction-scale (ordinal scale). Until that
assessment point, the patients had documented pain
intensity, pain localization and analgesic consumption
three times daily. All TVC-patients were re-examined
by a gynecologist on postoperative day 12-14.
The primary outcome measure was the cumulative
early postoperative pain intensity during movement
within the first 48 h following surgery and was
comprised of four measurements (pain intensity six
hours postoperatively, on the morning and the evening
of the first postoperative day and the morning of the
second postoperative day) measured on the Numeric
[31]
Rating-Scale (NRS-11) . Secondary short-term
outcome measures, documented prospectively, were
satisfaction of both the patient and the examiner with
the esthetic results of the operation regarding the
abdominal wall on postoperative day 10, intra- and
postoperative complication rates, conversion rate to
traditional laparoscopic or conventional technique,
procedural time, evaluation of the operative handling
(instrument handling, camera handling, dissection
and gallbladder retrieval) by the first and the second
surgeon, cumulative postoperative pain intensity during
movement until postoperative day ten as measured
in the morning and in the evening with the NRS-11,
cumulative consumption of peripheral and central
analgesics during the first ten days, re-operation rate,
time to return to daily, professional and leisure activity
as well as quality of life, measured on postoperative
day 10 using the Eypasch Gastrointestinal Index for
[34]
Quality of Life (GIQLI) . Furthermore, age, BMI,
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ASA classification, number of gallstones, size of the
largest stone, history of previous cholecystitis, preand postoperative lab results (leukocytes, CRP),
number of percutaneous trocars, histological result
and postoperative hospital stay were prospectively
documented.
SPSS, version 19 (IBM Germany, Ehningen) was
used for data processing and statistical analysis.
An intention-to-treat-analysis was conducted for all
calculations.

Step 5: randomized clinical trial; long-term results

Transvaginal hybrid NOTES cholecystectomy - results
[30]
of a randomized clinical trial after 6 mo .
This prospective/randomized long-term analysis
was conducted with the same 40 patients who had
been randomized for TVC or NC in the study mentioned
above. Satisfaction with the esthetic result and
overall satisfaction, abdominal pain during movement
according to the NRS-11 and occurrence of trocar
hernias were documented according to a structured
questionnaire three and six months postoperatively in
a telephone. In cases of a positive or unclear answer
for the item “trocar hernia”, patients were examined
clinically and with sonography. Furthermore, three
months postoperatively, satisfaction and occurrence
of pain during after sexual intercourse were evaluated
using the domains “satisfaction” and “pain” from the
German FSFI-d. Naturally, only patients who had
had sexual intercourse during the mentioned time
frame could be questioned about this matter. Both
domains were evaluated separately and together.
Moreover, there was a gynecological exam six months
postoperatively to detect morphological long-term
changes at the point of access. Apart from taking the
history, the gynecologist performed a palpation and
speculum-inspection, especially of the posterior vault
of the vagina, and a transvaginal sonography. The
gynecologist also documented complaints, whether the
patients already had postoperative sexual intercourse,
and if a further follow-up examination was necessary.
Data processing and statistical analysis (intentionto-treat-analysis) was conducted using SPSS, version
21 (IBM Germany, Ehningen).

RESULTS
Step 1: registry analysis

The German registry for natural orifice translumenal
[24]
endoscopic surgery: report of the first 551 patients .
Of the 64 accounts that were generated, 28 were
active and resulted in 551 patient data sets with 572
target organs. The most frequent target organ was the
gallbladder (85.3%), and the most frequent indication
was symptomatic gallstones (73.6%).
Only female patients underwent NOTES procedures.
Complications occurred in 3.3% of all cholecystec
tomies. Hospital stays were significantly longer in
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cases with a complication compared with those who
did not experience complications (6.7 d vs 2.6 d,
p < 0.001). All procedures, except two that lacked
further specifications, were carried out transvaginally.
Nearly all patients (99.3%) were underwent proce
dures in which the Hybrid-NOTES techniques were
applied with one or more percutaneous trocars for
cholecystectomies with an average of 1.2 ± 0.5
trocars. Most procedures (n = 534) used a rigid laparo
scope, and 96.6% of the procedures were performed
by a general or abdominal surgeon. Sixty-four percent
of the procedures were assisted by a gynecologist.
Intraoperative complications occurred in seven
cases, and postoperative complications occurred in
ten cases. The most frequent complication was injury
to the bladder, which only occurred in obese patients
2
(BMI ≥ 30.0 kg/m ) and older patients (≥ 59 years).
Postoperative complications included bleeding and
vaginal or urinary tract infections. Twenty procedures
(3.6%) were converted to traditional laparoscopy
and seven (1.3%) to laparotomy. In seven cases,
a planned NOTES access was not performed due to
technical problems with the transvaginal access. No
difference was detected with regards to complication
and conversion rates in the presence or absence of a
gynecologist. All patients studied survived the entire
study period.
Multivariate analysis of the cholecystectomies
revealed a significant correlation between conversion
rate and hospital stay with BMI and age, but not with
case load of the operating clinics. Procedural time was
dependent on BMI and case load, and the amount of
percutaneous trocars was dependent on patient age
and case load, and these trends were all significant. In
“high-volume”-clinics, procedural time was shorter and
the amount of percutaneous trocars lower. The rate of
complications showed no significant dependence on
any factor.

Step 2: matched cohort analysis; short-term results

Less pain after transvaginal/transumbilical cholecy
stectomy than after the classical LC: short-term results
[25]
of a matched-cohort study .
Age, BMI, ASA classification, preoperative
leukocytes and CRP did not differ significantly between
both groups. Only previous gynecological conditions or
previous gynecological procedures were significantly
more frequent in the TVC-group (18 x vs 6 x, p =
0.009). Average procedural time was identical in both
groups (77.8 min). For the first 25 TVC-procedures,
the average procedural time was 82.3 min, and for
the second group of 25 procedures it was 73.3 min.
In the LC-group, the times were 76.9 and 78.6 min,
respectively, with no significant differences between
the TVC- and LC-groups. In the TVC-group, there
was no conversion, and in the LC-group one patient
(2%) needed conversion due to a bile duct injury.
This was also the only intraoperative complication
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in the LC-group (2%). In the TVC-group, there was
one intraoperative injury to the urinary bladder (2%)
that did not require conversion. On the day of the
operation, the TVC-patients had significantly less pain
than did the LC-patients (NRS: 1.5 vs 3.1, p = 0.003),
although at the same time these patients received
significantly less analgesic medication in the recovery
room than did the LC-patients (19 x vs 32 x, p =
0.016). Notably, TVC-patients received significantly
less opiates (16 x vs 31 x, p = 0.005). Also on the
morning and on the evening of the first postoperative
day, there was a significant reduction in pain in the
TVC-group (NRS: 1.9 vs 2.8, p = 0.047; 1.1 vs 1.8,
p = 0.025). Inflammation, as measured by CRP, was
significantly lower during the first two days after TVC
when compared with LC (25.5 mg/l vs 39.1 mg/l, p
= 0.015). Additionally, the individual increase in CRP
(difference between pre- and postoperative value) was
significantly lower following TVC compared to LC (21.1
mg/l vs 33.1 mg/l, p = 0.003). The postoperative
leukocyte count was not different between both
groups (7.8/nl vs 8.0/nl, p = 0.4). After TVC, the
postoperative hospital stay was significantly shorter
(2.7 instead of 3.4 d, p < 0.001). First solid food intake
happened significantly earlier in the TVC than in the
LC group (1.02 d vs 1.40 d, p < 0.001) and took place
significantly more often on the first postoperative day
(49 x vs 30 x, p < 0.001).

Step 3: matched cohort analysis; long-term results

Long-term results of transvaginal/transumbilical vs
classical laparoscopic cholecystectomy - an analysis of
[26]
88 patients .
All 88 patients who could be readily reached
answered the questionnaire (TVC: 46; LC: 42; return
quota 92% and 84%, p = 0.357). Those patients,
as in the original 100, did not significantly differ
in terms of age, BMI, ASA classification, precious
abdominal surgery or amount of previous deliveries.
The majority (76.1%) of the TVC-patients and 61.0%
of the LC-patients had sexual intercourse in the six
months before the CHE. After the CHE the same
frequencies were 78.3% and 61.0%, respectively (p
= 0.165 and 0.102). Additionally, the point of first
sexual intercourse following CHE was not significantly
different. Neither the domains of the FSFI-d, nor their
sum were significantly different for all three examined
time-points. The TVC-patients were significantly more
satisfied with the esthetic results of the CHE and
with the overall result (p < 0.001 and p = 0.001). All
TVC-patients would hypothetically opt for the same
technique again, and only 80.5% (p = 0.002) would
do so after LC. Furthermore, all TVC-patients would
recommend the technique applied on them to friends
or relatives, whereas only 69.2% would do so in the
LC-group (p < 0.001). Both general postoperative
complications as well as wound infections were less
frequent after TVC, but not significantly so (17.8%
vs 35.7%, p = 0.088 and 2.2% vs 7.1%, p = 0.344).
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CHE related incisional hernias occurred in two out of
the 42 LC-patients, but not in the TVC-group (4.8%
and 0%, p = 0.225). Significantly less TVC-patients
felt impaired by the CHE (6.5% vs 23.8%, p = 0.034).
Some of the TVC-patients (19.6%) and the LCpatients (28.6%) reported epigastric pain, and 6.5%
and 4.8% had had pain in the lower abdomen and/or
pubic area, respectively, during the four weeks before
the inquiry (p = 0.453 and p = 1). Pain intensity was
not significantly different between the two groups (p =
0.451 and p = 0.700). After the procedure, the TVCpatients could resume everyday life activities (work,
school, household, etc.) significantly earlier than could
the LC-patients (after 5.4 d vs 14.4 d, p < 0.001).
In each group, one patient noticed a change in her
menstruation after the CHE. Four TVC-patients and no
LC-patients noticed vaginal discharge after the CHE
outside of the menstruation cycle (8.7% and 0%, p =
0.118).

Step 4: randomized clinical trial; short-term results

Transvaginal/transumbilical hybrid-NOTES vs 3-trocar
needlescopic cholecystectomy: short-term results of a
[29]
randomized clinical trial .
All patients were treated per protocol, and no
conversions or additional trocars were necessary. In
addition, no intraoperative complications occurred.
Patient-derived parameters were comparable between
the two groups. One patient from each group did not
fill out the pain- and analgesics-documentation log
prospectively, so these had to be excluded from the
respective analysis. The primary outcome parameter
was cumulative pain intensity during movement within
the first 48 h following surgery. It was significantly
lower in the TVC-group (p = 0.043). Furthermore,
the cumulative postoperative pain intensity during
movement until postoperative day 10 was significantly
lower in the TVC-group (p = 0.010), although TVCpatients had a significantly lower consumption
of analgesics (p = 0.019). TVC-patients had a
significantly better GIQLI-score (p = 0.028) and were
significantly more satisfied with the esthetic results of
the operation (p < 0.001). Both surgeons considered
the retrieval of the gallbladder in TVC to be significantly
easier (p < 0.001 and p = 0.010), whereas instrument
handling was found to be significantly more difficult
for TVC by the second surgeon (p = 0.020). The
remaining outcome parameters did not significantly
differ between the two groups. All gynecologic followup exams had a regular postoperative findings.

Step 5: randomized clinical trial; long-term results

Transvaginal hybrid NOTES cholecystectomy - results
[30]
of a randomized clinical trial after 6 mo .
All 20 patients of the TVC-group were “very
satisfied” with the postoperative result of the scars
both three and six months postoperatively, which
was significantly better than results in the TC-group
(p = 0.004 and p < 0.001). However, the overall
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satisfaction with the procedural result was not
significantly different between both groups. One TVCpatient complained about lower abdominal pain three
months postoperatively with a value of three on the
NRS-11, one NC-patient had pain in the right upper
quadrant after six months with a value of six on the
NRS-11. Hernias were not detected, although two
NC-patients were clinically evaluated after three and
six months due to respective results in the telephone
interview. Because three TVC- and six NC-patients
had no penetrating sexual intercourse during the six
pre- and postoperative months, only 31 patients could
answer the FSFI-d questions. All preoperatively active
patients also had postoperative sexual intercourse. The
analysis of the FSFI-d-items revealed no significant
difference between both techniques, neither for each
domain separately, nor for evaluation of both domains
together. None of the gynecologic follow-up exams
showed pathological findings.

DISCUSSION
The aim of our studies was to evaluate TVC, a
new surgical technique that previously had not
[16]
been systematically evaluated. After Kalloo et al
introduced the NOTES-principle in 2004 by description
of the perioral, transgastral access, that principle
was adopted by several study groups for different
intraperitoneal interventions in both experimental
settings and clinical implementation. In 2007, a variety
of transvaginal techniques for cholecystectomy were
[17-21]
published by several study groups
.
First and foremost, the distribution and advan
cements of the new technique, including possible
procedure-related complications, had to be transparent
in order to facilitate timely intervention if necessary,
bearing in mind the rapid increase of bile duct injuries
following the introduction of minimally invasive surgery
[35,36]
in form of LC at the end of the 80’s
. For this
reason, the appropriate scientific surgical society, the
DGAV with its political and social responsibility, created
a national NOTES-registry (GNR) order to achieve
nationwide documentation of respective procedures to
facilitate early detection of possible problems.
After 14 mo, the first analysis of the GNR, including
551 patients showed that more than 85% of the
documented entirely transvaginal procedures, 99% of
which utilized an additional umbilical trocar, (Hybrid[24]
NOTES-technique) were cholecystectomies .
Furthermore, most cholecystectomies applied the
Hybrid-NOTES-technique as described by Zornig et
[17]
al
with rigid instruments. Complications occurred in
3.1% of all patients, which is comparable to the results
[37]
of LC in a large meta-analysis . The most frequent
intraoperative complication was a urinary bladder
injury, which occurred in four patients with previous
hysterectomy during establishment of the transvaginal
access. This certainly accounts for an access-related
complication. Otherwise, three intraoperative bowel
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injuries were documented. Postoperatively, there
were two cases of vaginal bleeding, one abscess
in the Douglas-cavity and two vaginal infections in
terms of access related complications. Some patients
(3.6%) needed conversion to LC, and 1.3% needed
conversion open cholecystectomy. Multivariate analysis
of the documented cholecystectomies revealed several
significant influences: the case load of the performing
clinics on procedural time and the amount of trocars;
BMI on conversion rate, procedural time and hospital
stay; age on conversion rate, hospital stay and
number of trocars. None of the analyzed parameters
had a significant influence on the complication rate.
Thus, at least for the clinics taking part in the registry,
a responsible handling of the clinical implementation of
this new technique became evident.
However, these results are based on the analysis
of a voluntary registry and strongly depend on
the quality of documentation as entered by the
participating clinics. The data were not monitored, and
neither were there audits. The logistic and financial
effort would have necessitated membership fees or
industrial sponsors. Furthermore, it is not guaranteed
that all clinics that perform NOTES procedures actually
took part in the registry. On the other hand, the
robust results of the registry analysis might partly
be explained by patient selection but also by the fact
that the NOTES procedures were only performed by
few surgeons with substantial experience and high
expertise in the field of minimally invasive surgery.
This fact certainly reflects the responsible clinical
implementation of the new technique. Therefore, the
validity of a comparison with LC-data derived from
health services research is limited.
These results were recently confirmed in the latest
analysis of the GNR, where 2992 data sets from
[38]
March 2008 until November 2013 were analyzed .
With more than 88%, TVC was still the most frequent
procedure by far, followed by appendectomy and
colon resection. The recent rate of intraoperative
complications was 1.6%, and that of postoperative
complications was 3.6%. In this analysis, too, the main
intraoperative complication was urinary bladder injury,
and bowel injuries were still very rare but potentially
serious complications. Postoperatively, urinary tract
infections were classified as access related. Rarely
(1.1%), procedures were converted to LC or the open
procedure (0.4%).
Thus, our first analysis of the GNR, representing
the worldwide largest analysis of NOTES procedures at
that point, was the first step to proving the feasibility
of Hybrid-NOTES procedures, particularly TVC.
The next step was the comparative analysis of TVC
vs LC in order to prove the advantages of reducing
access related trauma in the abdominal wall. For this
purpose, the first 50 TVC-patients in our clinic in 2008
were compared to 50 matched LC-patients from the
[25]
same time frame . Here, when compared to LC,
TVC significantly decreased not only postoperative
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pain on the day of the operation and on the first
postoperative Tag but also the hospital stay. At the
same time, the frequency of analgesic consumption
in the recovery room, especially of opioids, as well as
the postoperative rise in CRP were significantly lower
after TVC. Furthermore, TVC-patients had significantly
earlier intake of solid food.
The decrease in postoperative pain by the HybridNOTES technique was confirmed in other comparative
non-randomized studies. The retrospective case[39]
control-study by Hensel et al compared 47 TVC with
46 LC-3-trocar technique patients. Apart from less
postoperative pain and less analgesic consumption,
there were less nausea and vomiting following TVC.
Additionally, TVC-patients could drink earlier, were
mobilized quicker and had a shorter hospital stay
than did the LC-3-trocar-patients. In a prospective,
[40]
non-randomized observational study, Kilian et al
compared 20 LC vs 15 TVC and 16 single-port
cholecystectomies. Despite the small case number,
postoperative pain and hospital stay were significantly
shorter after TVC than after LC. Another study with
three branches and a small case number by Solomon
[41]
et al
again found less postoperative pain after TVC
when compared with LC and single-incision-CHE. Two
further studies confirmed the reduced pain intensity
[42,43]
[44]
after TVC
. However, Zornig et al , with their
analysis of the highest number of cases comparing
100 TVC with 100 LC, found no difference for the
analyzed parameters including analgesic consumption
[44]
and hospital stay. Both Zornig et al
and Noguera et
[45]
al
reported a significantly longer procedural time
[39]
[40]
for TVC, while Hensel et al , Kilian et al
and our
analysis found no significant difference. Notably, in
[44]
the study by Zornig et al , all procedures from both
groups were performed by the chief of department or
a senior surgeon, whereas in our LC-group, more than
half of the procedures were performed by residents
under the supervision of a senior surgeon. Thus a bias
results, which is due to the fact that LC is generally
considered a teaching procedure. Furthermore, with
the analysis of procedural times, we found a learning
curve for TVC because the second cluster of TVC
procedures was nine minutes shorter than the first 25
TVC procedures. None of the mentioned studies found
a significant difference in intra- and early postoperative
complications between TVC and LC, which strengthens
the favorable results of the GNR-analysis. However,
one must consider that probably all of the registered
centers are clinics with an above-average expertise
in minimally invasive surgery. Therefore, a transferal
of the result demands caution. We assume that
the proven pain reduction is a result of the missing
abdominal wall trauma due to retrieval of the gall
bladder in TVC because this has the most relevant
technical difference of both techniques. Especially
in cases with large gallstones, a great amount of
gallstones or a thickened organ wall manipulation at
the abdominal wall requires a greater traumatization.
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Because a benefit of TVC in regard to less early
postoperative pain was evident without increased
intra- or early postoperative complication rates, a
long-term follow-up and the analysis of long-term
parameters was the aim of further studies. This was
not because mainly young, sexually active women
who took part in respective surveys were concerned
about long-term impairment of sexual activity
[46-48]
following a transvaginal procedure
. Additionally,
[49]
according to Kobiela et al , more than 60% of the
male partners of the patients would advise her against
a transvaginal CHE, mostly for fear of decreased
postoperative sexual content. Of the 100 patients of
[25]
our short-term analysis , a follow up of 24 mo was
[26]
possible for 46 TVC- and 42 LC-patients . However,
only 36 patients of the TVC- and 25 patients of the
LC-group were sexually active, and only these 61
patients could answer respective questions. The
other patients had not been sexually active in the six
preoperative months, either, which is why we did not
rate postoperative sexual inactivity as a result of the
operation. We found no differences in sexual function
regarding satisfaction, dyspareunia, menstruation,
vaginal discharge and pain, especially not in the lower
abdomen. Indeed, TVC-patients were less impaired by
the operation, and they could resume everyday activity
earlier and were more satisfied with the esthetic
result and the overall result. On the other hand, there
was no difference in the postoperative long-term
complication rate. Most likely as a result of the latter,
significantly more TVC-patients would recommend
the Hybrid-NOTES technique to friends and relatives.
As a result, for the first time we could document the
safety of the technique and the improved satisfaction
of TVC-patients after a two-year follow-up in a
cohort analysis. In addition, we could show that TVCpatients did not have sexual intercourse at a later
postoperative point in time than did the LC-group, as
suggested to the participants in a survey by Bucher
[48]
et al . Therefore, a respective difference should not
be stated in future surveys or consultations regarding
TVC. Additionally, our data rebut the fear of negative
influences of the transvaginal access on sexual life.
The previously frequently reported apprehension
regarding the hygienic aspect of transvaginal access
with the consequence of an intraperitoneal bacterial
contamination could already be disproved in a study
[50]
by Linke et al . This way, our study could confirm
earlier studies with a shorter follow up of up to 12 mo
that showed no negative influence of TVC on sexual
[44,51-53]
life
.
Because all previous results came from nonrandomized studies, we initiated a prospective
[29]
randomized, unblinded, single center trial . Because
we wanted to compare TVC vs the least invasive
laparoscopic multi trocar technique, we chose the
needlescopic 3-trocar cholecystectomy as reference
group. Here, two 3.9-mm and one 11-mm trocars
were used. Based on the results of our cohort study,

10922

October 14, 2015|Volume 21|Issue 38|

Bulian DR et al . Analysis of transvaginal hybrid-NOTES cholecystectomy
the primary end point was postoperative pain until the
morning of the second postoperative day, which was
significantly less after TVC in this randomized trial.
The rate of intra- and postoperative complications
was again comparable, while in opposite to the cohort
analysis, postoperative hospital stay was not different.
Lower analgesic consumption and comparable
procedural time for TVC were confirmed, although in
this study all procedures from the reference group
were performed by the same single surgeon. Addi
tionally, TVC-patients were significantly more satisfied
with the early postoperative esthetic result than NCpatients and had a significantly better quality of life on
postoperative day ten as measured by the Eypasch
[34]
GIQLI . Meanwhile, two further randomized studies
exist that compared TVC with LC. The three armed
[54]
study by Noguera et al , which also included a
transumbilical single-incision-CHE, could neither detect
any differences between the techniques regarding the
primary end-point complication rate, nor with regard to
the secondary end-points pain, hospital stay and sick
leave. Of note, the study was clearly underpowered
according to the given sample-size calculation. The
[55]
latest published randomized study by Borchert et al
compared 41 TVC-patients with 51 LC-patients in a
double blind study design with a follow up of seven
days and found a longer procedural time for TVC
and neither a significant difference in complication
rate nor in postoperative pain. A closer look reveals
postoperative pain after TVC on the VRS (0-10) to
be up to 0.8 points lower than after LC. However,
despite the larger case number, this result was not
significant. Unfortunately, analgesic consumption was
not stated, so the respective influence of this factor
could not be detected. Additionally, twelve surgeons
with an average case load of 4.9 per group took part
in the study, which might blur the potential differences
by interindividual effects. Additionally, there was a
relatively high conversion rate of 10%, possibly also
due to the large number of surgeons. Interestingly, the
average procedural time for TVC in our randomized
[29]
[25]
trial , compared to that of our cohort study ,
namely the first 50 TVC at our clinic, was more than
24 min shorter (53.6 min vs 77.8 min). This fact
underlines the assumption of an existing learning
curve for TVC.
Following the confirmation of the early post
[25]
operative advantages in the cohort analysis
by
[29]
the randomized trial , the documentation of more
secondary end-points three and six months post
operatively could show the high acceptance and the
absence of long-term problems also in a randomized
[30]
study design . Sexual function, measured three
months postoperatively, again with the domains
[32,33]
“satisfaction” and “pain” in the FSFI-d
, was
comparable for both groups, as was abdominal pain.
The aesthetic results after three and six months were
considered significantly better in the TVC-group,
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whereas satisfaction with the overall result was not
rated differently. The six-month gynecological followup of all TVC-patients had no case with a pathological
result. Thus, no access related disadvantages were
found in this randomized study design. A limitation was
that the case-number was calculated for the primary
outcome parameter and that small but possibly
relevant differences require an extremely high case
number. This is especially true for wound infections
and trocar hernias. For the latter, the follow up period
of our study was certainly too short. The case number
for a study that could theoretically prove a statistically
significant reduction of trocar hernias by TVC would
[56]
be 1500 patients per study arm . Because this is
unfeasible, this theoretical advantage will remain
unproven.
Finally, the study aims mentioned in the intro
duction could be answered by our investigations as
follows: Hybrid-NOTES cholecystectomy in clinical
practice is feasible and safe, with a low conversion rate.
Access related complications are rare and comprised
of urinary bladder injury in patients with previous
hysterectomy and bowel injury. Following HybridNOTES cholecystectomy, there is less postoperative
pain compared with traditional laparoscopic chole
cystectomy. Hybrid-NOTES cholecystectomy does
not lead to impairment of sexual function by the
transvaginal access and results in a higher patient
satisfaction with esthetic results. Even in long-term
follow up, no local morphological damage can be
attributed to the transvaginal access.

COMMENTS
COMMENTS
Background

Laparoscopic cholecystectomy (LC) leads to less postoperative pain, a shorter
length of stay, an earlier everyday life and a better aesthetic result comparing
to the conventional technique so that LC becomes the gold standard for
gallbladder disease. Nevertheless, the gallbladder has to be removed from
the intraperitoneal cavity. This required trauma to the abdominal wall results
in wound pain and scar formation as well as a notable risk of infection and
incisional hernia. The transvaginal cholecystectomy with rigid instruments (TVC),
the assistance of a 5 mm-trocar in the umbilicus and removal of the gallbladder
via the transvaginal access is an alternative that eliminates the mentioned risks
of removing the specimen via the abdominal wall. The aim of the authors was
to evaluate this new technique concomitantly during its clinical establishment in
regard to its advantages and specific complications and to compare it with the
traditional laparoscopic technique by means of a registry analysis, a matched
cohort analysis and a randomized clinical trial. In this review, the authors
discuss these results in the context and with the existing literature.

Research frontiers

During the uncontrolled implementation and distribution of LC in the early
1990s, the benefits of the new procedure were unknown and the rate of bile
duct injuries increased. Hence, the implementation of TVC as a new technique
needed to be scientifically controlled and critically supervised.

Innovations and breakthroughs

The authors succeeded in continuously evaluating a new surgical technique by
a registry analysis, a matched cohort analysis and a randomized clinical trial.
Therefore, they could show the feasibility of TVC with a low conversion rate
and a low complication rate. Access specific complications exist with injuries
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of the bladder and rectum as well as urinary tract infections. In comparison to
LC and needlescopic 3-trocar cholecystectomy, respectively, TVC leads to less
postoperative pain despite less postoperative analgesic consumption, better
quality of life in short-term and higher satisfaction with the aesthetic result even
in long-term. The complication rate is not significantly different and TVC has no
significant influence on sexual intercourse regarding to satisfaction and pain.

14
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Applications

According to the authors’ research, TVC is a feasible and safe procedure with
benefits most notably in regard to less postoperative pain.

16

Terminology

TVC means a laparoscopic Hybrid-NOTES procedure in which the gallbladder
is removed by a transvaginal access with the assistance of a transumbilical 5
mm-trocar.
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Congratulations to the authors on a very good paper on this relatively new
topic. This paper is for the most part all written with good information. There are
certainly limitations to the database data for example, but this is addressed in
the manuscript.
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Abstract
This report describes a rare case of hilar cholangio
carcinoma with intratumoral calcification that mimicked
hepatolithiasis. A 73-year-old man presented to a
local hospital with a calcified lesion in the hepatic
hilum. At first, hepatolithiasis was diagnosed, and he
underwent endoscopic stone extraction via the transpapillary route. This treatment strategy failed due
to biliary stricture. He was referred to our hospital,
and further examination suggested the existence of
cholangiocarcinoma. He underwent left hepatectomy
with caudate lobectomy and extrahepatic bile duct
resection. Pathological examination revealed hilar
cholangiocarcinoma with intratumoral calcification, while
no stones were found. To the best of our knowledge,
only one case of calcified hilar cholangiocarcinoma has
been previously reported in the literature. Here, we
report a rare case of calcified hilar cholangiocarcinoma
and reveal its clinicopathologic features.
Key words: Cholangiocarcinoma; Klatskin tumor;
Calcification; Lithiasis; Differentiation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our report describes an extremely rare case of
hilar cholangiocarcinoma with intratumoral calcification.
Imaging findings of this case were confusingly similar to
those of hepatolithiasis, and it was extremely difficult to
make an accurate diagnosis using available radiological
findings. We performed pathological examination and
observed hilar cholangiocarcinoma with intratumoral
calcification. We herein report a rare case of calcified
hilar cholangiocarcinoma and reveal its clinicopathologic
features.
Inoko K, Tsuchikawa T, Noji T, Kurashima Y, Ebihara Y, Tamoto
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INTRODUCTION
Calcification in the hepatic hilum is commonly caused
by hepatolithiasis, which is defined as the presence of
bile stones in the bile ducts proximal to the confluence
[1]
of the right and left hepatic ducts . The incidence of
hepatolithiasis is as high as 18%-45% of patients with
[1]
gallstone disease in East Asia , and the disease has
become more prevalent in Western countries due to
[2,3]
an increase in migrants from endemic regions . By
contrast, hilar cholangiocarcinoma with intratumoral
calcification is an extremely rare cause of calcification
in the hepatic hilus, with only one previously reported
[4]
case in the English literature .
Although imaging findings are quite similar, the
differential diagnosis between hepatolithiasis and
calcified Klatskin tumor is crucial because of their
different prognoses. We present a rare case of calcified
hilar cholangiocarcinoma mimicking hepatolithiasis.

Figure 1 Finding of ultrasonography. Transverse ultrasonography shows a
highly echogenic mass (arrow head) with posterior acoustic shadowing (arrow)
at the confluence of the right and left hepatic duct. RHD: Right hepatic duct;
LHD: Left hepatic duct.

A

CASE REPORT
A 73-year-old man was admitted to a local hospital for
investigation of a calcified lesion in the hepatic hilum
associated with a dilated left intrahepatic bile duct.
He initially received a diagnosis of hepatolithiasis.
Endoscopic stone extraction via the trans-papillary
route was attempted but was unsuccessful due to
stricture of the left hepatic duct. He was referred to
our hospital for further examination.
On admission, a blood test revealed mild elevation
of carbohydrate antigen 19-9 (46.3 U/mL), though
no elevation of carcinoembryonic antigen. All other
laboratory findings, including serum concentrations
of total bilirubin, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase and γ-glutamyl
transpeptidase, were within normal ranges. Hepatic
ultrasonography showed a 33.5 mm × 26.5 mm
intraductal mass at the confluence of the right and left
hepatic duct. In addition, a highly echogenic mass with
posterior acoustic shadowing was observed, suggesting
a calcified lesion (Figure 1). Enhanced multi-detectorrow computed tomography (CT) revealed marked
dilatation of the left intrahepatic bile ducts upstream
from the calcification and enhancement of the bile duct
wall distal to the calcification (Figure 2). Endoscopic
retrograde cholangiography (ERC) showed significant
biliary stricture and disruption at the left hepatic duct,
but no defect area (Figure 3). Furthermore, biopsy of
the left hepatic duct was suggestive of adenocarcinoma.
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Figure 2 Findings of computed tomography. A: Plain transverse computed
tomography (CT) reveals a high-density area at the liver hilus (arrow head) with
dilated left intrahepatic bile ducts (arrows); B: Sagittal plane of enhanced CT
shows the perihilar high-density area (arrow head). PV: Portal vein; IVC: Inferior
vena cava; CBD: Common bile duct.

Based on these findings, we diagnosed hilar
cholangiocarcinoma complicated by the hepatolithiasis
and decided to perform left hepatectomy with caudate
lobectomy and extrahepatic bile duct resection. The
patient underwent the scheduled operation. The
operative time was 625 min, and the total blood loss
was 1165 mL. No blood transfusion was required.
On histopathological examination, the tumor was
found to have spread from the hepatic hilum to the
left hepatic duct. The tumor was mucus-secreting
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A

B2

B3

Cystic duct

B

Figure 3 Finding of endoscopic retrograde cholangiography. Cholan
giography via the trans-papillary route shows marked biliary stricture and
disruption at the left hepatic duct (arrows), but no defect area.

CBD

A
B5 + 6

LHD
LPV

B8c

Figure 5 Histopathological findings (hematoxylin and eosin staining).
A: Microscopic examination reveals a mucus-secreting, gastric foveolar type
adenocarcinoma with numerous fine calcifications (arrows) (bar = 200 µm);
B: The calcified material (arrows) is located in the mucus (arrow head) in the
tumor glands (bar = 50 µm).

B7 + 8a

B
The postoperative course was uneventful, and
the patient was discharged 21 d after surgery. At 7
mo after the surgery, the patient was well, without
evidence of a recurrence of the disease.

DISCUSSION

Figure 4 Macroscopic findings. A: Opened bile duct of the resected
specimen. The left hepatic duct is highly obstructed; B: Gross appearance of
the cut surface of the resected liver shows a gray-white tumor measuring 28
mm × 21 mm in the hepatic hilum to the left hepatic duct, while no stones are
found in the hepatic hilum. CBD: Common bile duct; LHD: Left hepatic duct;
LPV: Left portal vein.

and very hard, measuring 28 mm × 21 mm. It was
a nodular-infiltrating type cholangiocarcinoma mainly
existing in the perihilar bile duct with an abundance of
fine calcification. No stones were found by the gross
examination in the hilar lesion (Figure 4).
A regional lymph node in the hepatoduodenal
ligament was invaded by tumor cells. Microscopically,
this tumor was a gastric foveolar type adenocarcinoma
and was rich in mucus. On the other hand, the
majority of the calcified material was located within or
replaced the tumor glands (Figure 5).

WJG|www.wjgnet.com

This case report represents an unusual calcified hilar
cholangiocarcinoma, which mimicked hepatolithiasis in
clinical findings. To the best of our knowledge, there is
only one article describing calcified Klatskin tumor in
[4]
the literature .
The typical cause of calcified lesion in the porta
hepatis is a calculus; in patients with primary calcium
bilirubinate hepatolithiasis, stones are frequently
located in the large bile ducts, such as the main
[5]
hepatic ducts . Histologically, in patients with
hepatolithiasis, fibrotic changes in the bile duct walls
and periductal hepatic parenchyma are often seen
[6,7]
and lead to stricture formation
. Furthermore,
hepatolithiasis is closely associated with concomitant
cholangiocarcinoma with an incidence of approximately
[8]
5% , and this malignant lesion is also associated
[3]
with biliary stricture . Thus, among patients with
hepatolithiasis, a calcified lesion is often associated
with a biliary stenosis lesion caused by periductal
[3]
fibrosis or cholangiocarcinoma .
In the present case, initial imaging findings showed

10928

October 14, 2015|Volume 21|Issue 38|

Inoko K et al . Calcified hilar cholangiocarcinoma
a perihilar calcified lesion associated with the dilated
proximal bile duct and the stricture lesion distal to the
calcification. These findings were confusingly similar
to those of hepatolithiasis associated with biliary
stricture, and it was extremely difficult to make an
accurate diagnosis using available radiological findings.
In the previously reported case, the radiologic findings
of the calcified Klatskin tumor were also very similar
to those of hepatolithiasis, which resulted in biliary
[4]
obstruction and proximal ductal dilation . Because of
these similarities in imaging findings, even more than
the rarity of the disease, it can be difficult to make
an accurate preoperative diagnosis of calcified hilar
cholangiocarcinoma. ERC in this case, however, did
not show a defective area, which is typically found in
hepatolithiasis. In retrospect, this point might have
suggested that the calcification in this case originated
from diseases other than that of hepatolithiasis.
The pathogenesis of intratumoral calcification is
mainly dystrophic calcification, which refers to the
macroscopic deposition of calcium salts in injured
[9]
tissues with normal serum levels of calcium . In
the dystrophic process, deranged cells form seed
crystals that become encrusted with the mineral
deposits, and the acquisition of outer layers gradually
[10]
creates its lamellated configurations . This type of
calcification is most commonly observed in papillary
thyroid carcinoma, meningioma, and papillary serous
cyst adenocarcinoma of the ovary at the frequency of
[10]
40%-50%, 45%, and 33% of cases respectively .
Additionally, mucus-producing adenocarcinoma
contributes to the deposition of calcium by via the
actions of mucin glycoproteins as an ion-exchange
[11]
resin . Mucinous adenocarcinoma, which is a typical
and frequently occurring histological type of colorectal
cancer, can have fine or punctate calcification due
[12,13]
to its mucinous component
. In intrahepatic
cholangiocarcinoma, it is usually thought that, in
addition to necrotic areas of the tumor, calcification
[13,14]
occurs as a secondary reaction to mucin secretions
.
In the present case, the intratumoral calcification was
observed in the absence of a dysfunction in calcium
metabolism, so it was thought that the calcification had
formed in the dystrophic process. In addition, at the
time of microscopic examination in this case, the tumor
was noted to be a gastric foveolar type adenocarcinoma
and was rich in mucus. Calcium deposition was seen
in foveolar cells itself and the mucus in the glands.
Therefore, the tumoral calcification in this case appears
to reflect an accumulation of calcium secondary to
dystrophy of tumor tissue and a mucus component
produced by the tumor.
In conclusion, we presented an extremely rare
case of hilar cholangiocarcinoma with intratumoral
calcification. Radiological findings of this case were
similar to those of hepatolithiasis. The pathogenic
mechanism of this calcification was thought to be a
dystrophic process that was associated with mucus.
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COMMENTS
COMMENTS
Case characteristics

A 73-year-old man presented with an asymptomatic calcified lesion in the
hepatic hilum.

Clinical diagnosis

Upon physical examination, the patient had no clinical abnormality.

Differential diagnosis
Hepatolithiasis.

Laboratory diagnosis

A blood test revealed mild elevation of carbohydrate antigen (CA) 19-9 (46.3
U/mL), while metabolic panel and liver function test were within normal limits.

Imaging diagnosis

Ultrasonography/computed tomography revealed a highly echogenic mass or
high-density area at the hepatic hilum with dilated left intrahepatic bile ducts.

Pathological diagnosis

Pathological examination revealed a nodular-infiltrating type cholangio
carcinoma mainly in the perihilar bile duct with abundance of fine calcification.

Treatment

The patient underwent left hepatectomy with caudate lobectomy and
extrahepatic bile duct resection.

Related reports

Hilar cholangiocarcinoma with intratumoral calcification is an extremely rare
cause of calcification in the hepatic hilum, with only one previous case report in
the English literature.

Term explanation

Dystrophic calcification refers to the macroscopic deposition of calcium salts in
injured tissues.

Experiences and lessons

This case report describes a rare case of calcified hilar cholangiocarcinoma
and reveals its clinicopathologic features. Imaging findings of this case were
confusingly similar to those of hepatolithiasis, and it was extremely difficult to
make an accurate diagnosis based on available radiological findings.

Peer-review

This article highlights the clinical characteristics of calcified hilar cholangio
carcinoma and discusses the pathogenic mechanism of this calcification.
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Abstract
Extracellular adenosine induces apoptosis in a variety of
cancer cells via intrinsic and extrinsic pathways. In the
former pathway, adenosine uptake into cells triggers
apoptosis, and in the latter pathway, adenosine receptors
mediate apoptosis. Extracellular adenosine also induces
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apoptosis of gastric cancer cells. Extracellular adenosine
is transported into cells through an adenosine transporter
and converted to AMP by adenosine kinase. In turn, AMP
activates AMP-activated protein kinase (AMPK). AMPK is
the factor responsible for caspase-independent apoptosis
of GT3-TKB gastric cancer cells. Extracellular adenosine,
on the other hand, induces caspase-dependent apoptosis
of MKN28 and MKN45 gastric cancer cells by two
mechanisms. Firstly, AMP, converted from intracellularly
transported adenosine, initiates apoptosis, regardless
of AMPK. Secondly, the A3 adenosine receptor, linked
to G i/G q proteins, mediates apoptosis by activating
the Gq protein effector, phospholipase Cγ, to produce
inositol 1,4,5-trisphosphate and diacylglycerol, which
activate protein kinase C. Consequently, the mechanisms
underlying adenosine-induced apoptosis vary, de
pending upon gastric cancer cell types. Understand
the contribution of each downstream target molecule
of adenosine to apoptosis induction may aid the
establishment of tailor-made chemotherapy for gastric
cancer.

Core tip: Emerging evidence has pointed to adenosine
as a tumor suppressor. The most crucial problem
for chemotherapy is side effects. Adenosine is an
endogenous substance, and therefore, no or fewer side
effects are expected for chemotherapy using adenosine.
Extracellular adenosine induces apoptosis of gastric
cancer cells through intrinsic and extrinsic signaling
pathways. Adenosine and its signaling cascades,
therefore, could represent a promising drug for gastric
cancer chemotherapy. Moreover, the contribution of
each downstream target molecule of adenosine to
apoptosis induction may aid the establishment of tailormade chemotherapy for gastric cancer.
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ADENOSINE-INDUCED APOPTOSIS
THROUGH THE EXTRINSIC PATHWAY
Adenosine receptors are coupled to G-proteins and are
[3,4]
classified into A1, A2a, A2b and A3 receptors . A1, A2a
and A2b adenosine receptors are well conserved during
evolution and are highly homologous; however, the A3
[5]
adenosine receptor varies, depending upon species .
A1, A2a and A3 adenosine receptors are activated by
physiological concentrations of adenosine (10-100
nmol/L), while the A2b adenosine receptor is activated
by much higher concentrations (over 1 μmol/L).
The A 1 adenosine receptor is linked to G i/G o
proteins, causing inhibition of the Gi protein effector
adenylate cyclase (AC), to reduce cAMP production
and inhibit protein kinase A (PKA). Activation of the
Go protein effector phospholipase C-β (PLCβ) produces
inositol 1,4,5-trisphosphate (IP3) and diacylglycerol
(DG) followed by activation of protein kinase C (PKC)
[6,7]
(Figure 1) . The A1 adenosine receptor mediates
apoptosis of CW2 human colon cancer cells and
RCR-1 astrocytoma cells by activating caspase-3,
[8,9]
-8, and -9 . In addition, evidence implicates the A1
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INTRODUCTION
Adenosine is an endogenous purine nucleoside
composed of an adenine attached to a ribose sugar
molecule moiety, and is present ubiquitously in all
the organs, tissues and cells. One of the major roles
of adenosine is as an energy supplier by conversion
to adenosine diphosphate (ADP) and adenosine
triphosphate (ATP). The adenosine concentration in
organs and tissues is approximately 300 nmol/L under
the normal conditions, but elevates to 600-1200
nmol/L under the inflammatory or ischemic conditions,
where adenosine exhibits a protective effect aga
inst inflammatory or ischemic damage. Moreover,
adenosine is implicated in a wide-range of signal
transduction pathways relevant to cell proliferation
and differentiation, cellular metabolism, apoptosis and
cognitive function.
Accumulating evidence has shown that adenosine
induces apoptosis in a variety of cancer cells via an
intrinsic pathway linked to adenosine uptake into cells
and the ensuing signaling cascades; its also functions
through an extrinsic pathway linked to adenosine
[1,2]
receptors . The present study focused upon the
antitumor effect of adenosine on gastric cancer cells
and discussed the underlying mechanism.

AA2b2b

A2a
A1

PKA

PKC

Gs

Gs

AC

   AC

cAMP↑

PKA

A3

Gq

  PLCg

Gi

Gq
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PKA

   PKC
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Figure 1 Adenosine receptors and their relevant signaling pathways.
A1: A1 adenosine receptor; A2a: A2a adenosine receptor; A2b: A2b adenosine
receptor; A 3: A3 adenosine receptor; PLC: Phospholipase C; IP3: Inositol
1,4,5-trisphosphate; DG: Diacylglycerol; PKA: Protein kinase A; PKC; Protein
kinase C.

adenosine receptor in the apoptosis of breast cancer
[10,11]
cells and gastric cancer cells
.
The A2a adenosine receptor is linked to the GS
protein, which activates the effector AC, to produce
cAMP and activate PKA (Figure 1). The A2a adenosine
receptor, expressed in the striatum, is linked to the Golf
[12]
protein, causing AC activation, similar to Gs protein .
The A 2a adenosine receptor mediates apoptosis
of Caco-2 human colon cancer cells by activating
[13]
caspase-3/-9 , and HepG2 human hepatoma cells by
downregulating expression of Bcl-XL and upregulating
[14]
expression of Bid .
The A2b adenosine receptor is linked to Gs/Gq
proteins, causing the activation of the Gs protein
effector AC, to produce cAMP and activate PKA, and
activation of the Gq protein effector PLCg, to produce
IP3 and DG followed by activation of PKC (Figure
1). The A2b adenosine receptor mediates apoptosis
of ovarian cancer cells by downregulating Bcl-2,
[15]
upregulating Bax and activating caspase-3 . The
A2b adenosine receptor signaling, stimulated in a p73dependent manner, enhances the apoptosis of a
[16]
variety of cancer cells . Conversely, blockage of the
A2b adenosine receptor inhibited the growth of prostate
[17]
cancer cells . This suggested that A2b adenosine
receptor promotes growth of prostate cancer cells.
The A 3 adenosine receptor is linked to G i/G q
proteins, causing inhibition of the Gi protein effector
AC, to reduce cAMP production and inhibit PKA, and
activation of the Gq protein effector PLCg, to produce
IP3 and DG, followed by activation of PKC (Figure
[18,19]
1)
. A recent review highlighted the A3 adenosine
receptor as a new target for cancer therapy. ChloroN6-(3-iodobenzyl)-adenosine-5’-N-methyl-uronamide
(Cl-IB-MECA), an agonist of the A3 adenosine receptor,
arrests the cell cycle at the G0/G1 phase and induces
apoptosis of lung cancer cells by downregulating
cyclin D1, c-myc, and CDK4, activating caspase-3
and -9, cleaving poly(ADP-ribose) polymerase, and
[20]
inhibiting Akt . Alternatively, Cl-IB-MECA suppresses
proliferation and induces apoptosis of bladder cancer
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mitochondrial membrane potential and stimulation of
[29]
DIABLO release from the mitochondria in HuH-7 cells .
Furthermore, intracellularly transported adenosine, but
not AMP or AMPK, induces apoptosis of MCF-7 human
breast cancer cells by accumulating AMID in the nucleus
[30]
in a caspase-independent manner .

Adenosine
Extracellular

Adenosine
transporter

Intracellular

Adenosine
5’-nucleotidase

ADA

Inosine

PNP

Hypoxanthine

Adenosine
kinase

5’-AMP

ADENOSINE-INDUCED APOPTOSIS OF
GASTRIC CANCER CELLS

AMPK ↑↑

ATP/ADP

Figure 2 Intracellularly transported adenosine and the ensuing signaling
pathways. AMPK: AMP-activated protein kinase; ADP: Adenosine diphosphate;
ATP: Adenosine triphosphate.

cells through an extracellular signal-regulated
[21]
kinase/c-Jun N-terminal kinase pathway . CF102,
another agonist of the A3 adenosine receptor, induces
apoptosis of hepatocellular carcinoma cells by de[22]
regulating Wnt/NF-κB signal transduction pathways .
Overexpression of the A3 adenosine receptor sup
presses proliferation and induces apoptosis of mali
gnant mesothelioma cells by inhibiting an Akt/NF[23]
κB signaling pathway . Overall, the A3 adenosine
receptor appears to suppress proliferation and induce
apoptosis of cancer cells through diverse signaling
pathways.

ADENOSINE-INDUCED APOPTOSIS
THROUGH AN INTRINSIC PATHWAY
Adenosine also induces apoptosis of cancer cells
through an intrinsic pathway. Extracellular adenosine
is taken up into cells through adenosine transporters
and converted to AMP by adenosine kinase, and
AMP activates AMP-activated protein kinase (AMPK)
[24,25]
(Figure 2)
. Adenosine, on the other hand, is meta
bolized into inosine by adenosine deaminase. In turn,
inosine is metabolized into hypoxanthine by purine
nucleoside phosphorylase (Figure 2). AMP derived from
intracellularly transported adenosine upregulates p53
expression, to induce caspase-independent apoptosis
[26]
of malignant pleural mesothelioma cells . AMP also
induces apoptosis of HuH-7 human hepatoma cells by
downregulating c-FLIP expression, which is responsible
for caspase-8 activation, followed by activation of
[27]
the effector caspase-3 . Alternatively, intracellularly
transported adenosine upregulates the expression
of DIABLO and stimulates DIABLO release from the
mitochondria, which neutralizes the inhibition of
caspase-3 caused by inhibitor of apoptosis protein (IAP),
together with downregulation of IAP2 expression, which
leads to activation of caspase-3, to induce apoptosis
[28]
of HuH-7 cells . AMPK, activated by intracellularly
transported adenosine and the ensuing conversion
to AMP, phosphorylates Bcl-XL, causing disruption of
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We have found that extracellular adenosine indu
ces apoptosis of the gastric cancer cell lines GT3[31]
TKB , MKN28 and MKN45 cells (unpublished data).
Adenosine-induced GT3-TKB cell death was significantly
inhibited by an inhibitor of the adenosine transporter
or an inhibitor of adenosine kinase, while it was not
[31]
affected by inhibitors of adenosine receptors . This
suggested that adenosine transporter-mediated uptake
into cells, and adenosine kinase-mediated conversion
to AMP, are required for extracellular adenosineinduced apoptosis of GT3-TKB cells. AMPK is activated
in response to a cytosolic AMP rise, and therefore,
AMPK may execute apoptosis of GT3-TKB cells as a
downstream target of AMP (Figure 3A). Extracellular
adenosine had no effect on mitochondrial membrane
potentials in GT3-TKB cells and adenosine-induced
[31]
apoptosis was not inhibited by caspase inhibitors .
This indicated that extracellular adenosine induces
caspase-independent apoptosis of GT3-TKB cells
apoptosis through an intrinsic pathway.
A study showed that extracellular adenosine causes
cell cycle arrest and induces apoptosis of HGC-27
[32]
human gastric cancer cells . Adenosine-induced
HGC-27 cell apoptosis was inhibited by an inhibitor
of the adenosine transporter; however, it was not
affected by a broad inhibitor of P1 receptors or a nonselective antagonist of P2 receptors. This supported
the involvement of the intrinsic pathway in adenosineinduced apoptosis of gastric cancer cells (Figure 3A).
Extracellular adenosine-induced apoptosis of
MKN28 and MKN45 cells was inhibited by an inhibitor
of adenosine transporter or an inhibitor of adenosine
kinase, although an AMPK activator did not induce
apoptosis. This suggested that the intrinsic pathway
participates in adenosine-induced apoptosis of MKN28
and MKN45 cells; in other words, intracellularly
transported adenosine and converted AMP trigger
apoptosis of MKN28 and MKN45 cells (Figure 3B).
Extracellular adenosine-induced apoptosis of MKN28
and MKN45 cells was also inhibited by an inhibitor
of the A3 adenosine receptor. This implied that the
extrinsic pathway also participates in adenosine-induced
apoptosis of MKN28 and MKN45 cells. The A3 adenosine
receptor is linked to Gi/Gq proteins involving PKA
[18,19]
inhibition and PKC activation
. Adenosine-induced
MKN28 cell apoptosis was abolished by a PKC inhibitor.
This indicated that the Gq protein linked to the A3
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Figure 3 Extracellular adenosine-induced apoptosis of gastric cancer cells. A: The adenosine-induced apoptotic pathway for GT3-TKB and HGC-27 cells; B:
The adenosine-induced apoptotic pathway for MKN28 and MKN45 cells. AMPK: AMP-activated protein kinase.

adenosine receptor is responsible for adenosine-induced
apoptosis of MKN28 cells (Figure 3B). Adenosine
activated only caspase-3 in both in MKN28 and MKN45
cells, but caspase-4, -8 and -9 were not affected.
This suggested that adenosine-induced caspase-3
activation is independent of endoplasmic reticulum
(ER) stress relevant to caspase-4 activation, death
receptors relevant to caspase-8 activation or oxidative
stress relevant to mitochondrial damage and caspase-9
activation. How extracellular adenosine’s activation of
caspase-3 in MKN28 and MKN45 cells remains to be
explored.
Extracellular adenosine exhibits a beneficial
antitumor effect on a variety of cancer cells including
gastric cancer cells. Adenosine is an endogenous
substance, and therefore, no or fewer side effects are
expected for chemotherapy using adenosine. Thus,
adenosine could be developed as a promising drug for
gastric cancer chemotherapy. Moreover, the ability of
downstream target molecules of adenosine to induce
apoptosis of individual gastric cancer cell types, might
make them targets for tailor-made chemotherapy for
gastric cancer. Especially, specific potential inhibitors
and targets of the A3 adenosine receptor and AMP,
respectively, could be used therapeutically.

CONCLUSION

1

2

3

4
5

6

7
8

9

Adenosine has the potential to induce apoptosis of
gastric cancer cells through diverse intrinsic and extrinsic
signaling pathways. The underlying mechanisms vary,
depending upon gastric cancer cell types. Understanding
the contribution of each downstream target molecule
of adenosine to the induction of gastric cancer cell
apoptosis, therefore, may aid the establishment of
tailor-made chemotherapy for gastric cancer.
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Abstract
Malignant ascites affects approximately 10% of
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patients with gastric cancer (gc), and poses significant
difficulties for both patients and clinicians. In addition
to the dismal general condition of affected patients
and the diversity of associated complications such as
jaundice and ileus, problems in assessing scattered
tumors have hampered the expansion of clinical
trials for this condition. However, the accumulation of
reported studies is starting to indicate that the weak
response to treatment in gc patients with malignant
ascites is more relevant to their poor prognosis rather
than to the ascites volume at diagnosis. Therefore,
precise assessment of initial state of ascites, repetitive
evaluation of treatment efficacy, selection of suitable
treatment, and swift transition to other treatment
options as needed are paramount to maximizing
patient benefit. Accurately determining ascites volume
is the crucial first step in clinically treating a patient
with malignant ascites. Ultrasonography is commonly
used to identify the existence of ascites, and several
methods have been proposed to estimate ascites
volume. Reportedly, the sum of the depth of ascites at
five points (named “five-point method”) on three panels
of computed tomography images is well correlated to
the actual ascites volume and/or abdominal girth. This
method is already suited to repetitive assessment due
to its convenience compared to the conventional volume
rendering method. Meanwhile, a new concept, “Clinical
Benefit Response in gc (CBR-GC)”, was recently
introduced to measure the efficacy of chemotherapy
for malignant ascites of gc. CBR-GC is a simple and
reliable patient-oriented evaluation system based on
changes in performance status and ascites, and is
expected to become an important clinical endpoint
in future clinical trials. The principal of treatment for
gc patients with ascites is palliation and prevention
of ascites-related symptoms. The treatment options
are various, including a standard treatment based on
the available guidelines, cytoreductive surgery with
hyperthermic intraperitoneal chemotherapy (HIPEC),
laparoscopic HIPEC alone, intravenous chemotherapy,
intraperitoneal chemotherapy, and molecular targeting
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therapy. Although each treatment option is valid,
further research is imperative to establish the optimal
choice for each patient.
Key words: Ascites; Clinical benefit; Gastric cancer;
Peritoneal dissemination; Paclitaxel
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Malignant ascites affects approximately
10% of patients with gastric cancer (gc) and poses
significant problems for treatment. Accurate and
repetitive measurement of ascites volume during
treatment is clinically imperative for effective decisions
surrounding treatment continuation. Meanwhile, clinical
benefit response in gc, a patient-oriented assessment
framework of treatment efficacy, should be used in
future clinical trials for malignant ascites caused by
gc. Although several treatment options have been
reported, further studies are mandatory to develop a
solid and optimal treatment strategy.
Maeda H, Kobayashi M, Sakamoto J. Evaluation and treatment
of malignant ascites secondary to gastric cancer. World J
Gastroenterol 2015; 21(39): 10936-10947 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/10936.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.10936

Incidence of ascites due to gc

INTRODUCTION
Malignant ascites caused by gastric cancer (gc) is
an accumulation of excess fluid within the abdominal
cavity associated with serious clinical problems. First,
it is one of the late manifestations of gc, and thus
is often accompanied by a severely impaired patient
[1-3]
condition . A retrospective study of 119 patients
with malignant ascites due to gc revealed that 31%
of these patients were classed as having as Eastern
Cooperative Oncology Group performance status
[2]
(ECOG-PS) of 3 or more . Generally, such patients
have difficulties in receiving standard treatment
and show dismal prognosis, with a reported median
survival time of 4.6 mo when treated with 5-fluorouracil
[3]
alone or 5-fluorouracil plus methotrexate . Conse
quently, these gc patients are often excluded from
[1]
clinical trials and attract only limited attention with
respect to management strategies, thus further
veiling the condition and possible treatment of ascites
development.
Adequately assessing both ascites volume and
treatment efficacy is another clinical problem for
[4]
patients with malignant ascites due to gc . Because
it is difficult to measure the exact nature and extent of
[5]
disseminated tumors on radiological examination , the
evaluation of treatment efficacy has empirically relied
on changes in the ascites volume. In clinical trials, each
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protocol had arbitrarily defined the response of ascites
to treatment or applied ambiguous definitions of the
condition, further complicating inter-trial comparisons.
Indeed, the lack of a “standard” method to evaluate
treatment efficacy for these patients in daily clinical
practice urgently demands the development of a
reliable assessment framework.
Despite these documented difficulties, pioneers in
this field have successfully conducted several phase
Ⅱ studies or retrospectively reported precious results
for specific treatment options, and based on these
results, patients and clinicians now have expanded
[6]
treatment options . For instance, long-term survival
was achieved after combination therapy of surgical
treatment and chemotherapy among selected patients
with ascites and gc, although these reports presented
[7-9]
limited patient numbers . However, the data has not
yet been integrated and selecting the most suitable
treatment remains a great burden for both patients
and clinicians.
In this manuscript, we first review the relevant
literature to elucidate the incidence of ascites develop
ment among patients with gc. Then, we introduce
recently reported methods to measure ascites volume
by computed tomography (CT), and explain a new
concept for evaluating treatment efficacy based on
patient-oriented parameters. Finally, we discuss each
treatment option with respect to future directions.

Data showing the incidence of ascites secondary to
gc are scarce and glancing. The development of
malignant ascites, an end-stage manifestation of gc,
requisitely depends on the tumor stage at diagnosis
of primary lesions. Thus, in countries where gc
is diagnosed at an earlier stage through validated
[10,11]
screening programs
, the incidence of malignant
ascites could be relatively low. Contrarily, in countries
where less attention is paid to gc due to its lower
morbidity, diagnosis of the disease is often delayed
until symptoms develop. Therefore, the available
literature covers a range of incidence rates of ascites
development due to gc across various countries and
study periods (Table 1).
Specifically, a retrospective study analyzing more
than 7000 patients who underwent gastrectomy in a
single Japanese institution from 1960 to 1988 found
that 14.2% of the patients developed peritoneal
[10]
recurrence . Similarly, a Japanese nationwide study
in 2009 suggested that 9.9% of 13002 patients who
underwent gastrectomy in 2002 died from peritoneal
[12]
involvement of gc during the 5-year follow-up period ,
while further studies also suggested that approximately
40% of consecutive patients with peritoneal disse
[13,14]
mination also showed malignant ascites
. Thus,
these previous data indicated that approximately
4%-5% of all patients undergoing gastrectomy would
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Table 1 Incidence of peritoneal dissemination and ascites development due to gastric cancer
Ref.

No. of patients

Development of peritoneal dissemination
Nakajima et al[10]
7060
Nashimoto et al[12]
13002
Development of ascites
Lello et al[15]
356
Yajima et al[31]
293
Fang et al[16]
5542
Kitayama et al[14]
Tahara et al[13]

83
56

Period

Country

Status of primary disease

Incidence

1960-1988
2002

Japan
Japan

After gastrectomy
After gastrectomy

14.2%
9.9% (related to death)

1980-2004
1988-2002
2007-2012

Norway
Japan
China

2006-2008
1993-1999

Japan
Japan

At initial diagnosis
GC with T2-3 at diagnosis
At initial diagnosis
During the course of disease
Peritoneal recurrence
Peritoneal recurrence

6.2%
15.0%
2.6%1
3.7%1
40.0%
46.4%

1

Diagnosis of malignant ascites is limited to ascites with positive cytology.

be subsequently diagnosed with malignant ascites.
More direct evidence on the incidence of ascites
comes from a retrospective analysis in a hospital
[15]
serving a single, well-defined area of Norway .
The authors analyzed 354 patients with clear chart
descriptions and identified 6.2% (22/354) as having
ascites at the diagnosis of gc. A similar, larger scale
retrospective study from China identified ascites in
2.6% of gc patients at the time of initial diagnosis,
[16]
and in 3.7% of patients thereafter . In these Chinese
patients, the diagnosis of malignant ascites was
confined to cytology-positive cases, therefore the real
prevalence of ascites due to gc would be somewhat
[2]
higher than that reported .
Malignant ascites due to gc is often accompanied
by other symptoms related to peritoneal dissemination,
[17,18]
a particular recurrence mode of gc
that can cause
obstruction of the gastrointestinal tract, bile duct, and
ureter. In addition, half of the patients with peritoneal
[17]
recurrence have concomitant recurrence sites ,
including lymph nodes, liver, and lung, necessitating
the systemic evaluation of each site using imaging
modalities. We thus consider that diversity among
the accompanying symptoms and conditions of gc
patients with malignant ascites could induce factors
that hinder clear depiction of these patients in the
literature and consequently, could obstruct the
establishment of reliable guidelines.
Based on the available data, we estimate that
3%-6% of patients with gc has ascites to some
extent at the initial presentation of cancer. Eventually,
10%-15% of those patients treated by curative
resection will develop peritoneal recurrence and
approximately half of them are likely to develop
ascites. Thus, 8%-13.5% of the total number of
patients diagnosed with gc will have accompanying
malignant ascites. However, the incidence of “massive”
malignant ascites that defies conventional treatment
remains obscure.

Pathophysiology
Ascites develops from an imbalance between the
[19-22]
production and drainage of peritoneal fluid
. In
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2

adults, the serous membrane covers nearly 2 m
[23]
of the peritoneal surface , and the cavity typically
contains 50-100 ml of fluid that turns over at the rate
[24]
of 5 ml/24 h . Peritoneal fluid is generated by the
[19]
transudation of plasma from peritoneal capillaries ,
and it serves to lubricate the serous membrane. The
fluid eventually drains into the lymphatic system via
open-ended channels (named stomata) and then into
the systemic circulation through the right thoracic
[24]
duct .
Among multiple factors, increased vascular per
meability due to vascular endothelial growth factor
(VEGF) is considered an important driver of increased
[25]
ascites production. Zebrowski et al
demonstrated
markedly elevated VEGF levels in malignant ascites
including from gc. They further showed augmented
permeability of endothelial cells in vitro when cultured
with malignant ascites. Another important factor in the
development of ascites is matrix metalloproteinase-9
and -2, a key enzyme in tumor cell metastasis to
distant organs due to its role in breaking down the
tissue matrix. Reportedly, matrix metalloproteinase
enhances the release of biologically active VEGF in a
time- and dose-dependent manner, and might thus
[26]
by a key regulator of VEGF in ascites production . In
fact, inhibition of matrix metalloproteinase significantly
suppressed tumor growth in a rodent model of
[27]
metastasis . Several other factors could also play a
role in the development of malignant ascites during
cancer (Table 2), and each could be a potential target
of prevention and treatment.

Identifying and assessing ascites
volume
Objectively evaluating the nature and volume of
ascites is the first step in treating patients with ascites
and peritoneal dissemination of gc. Cytology should
be always considered at the initial evaluation because
a positive result is diagnostic, while increased levels
of carcinoembryonic antigen in ascites suggests the
pathological accumulation of peritoneal fluid due to
[2]
gc . However, it should be noted that the sensitivity
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Table 2 Factors influencing development of ascites due to
[19-26]
gastric cancer
Increased fluid production
Increased vascular permeability due to increased VEGF and/or
MMP-2/-9
Neovascularization of peritoneum
Peritoneal inflammation
Increased portal pressure due to tumor metastasis
High protein concentrations in ascites
Lower concentration of serum proteins due to undernutrition
Decreased drainage of peritoneal fluid
Obstruction of lymphatics
MMP: Matrix metalloproteinase; VEGF: Vascular endothelial growth
factor.
[2]

of these two measures is relatively low , and negative
results warrant an integrated evaluation of the ascites
based on a range of clinical data.
Although the relationship between ascites volume
[14,28]
at diagnosis and prognosis remains controversial
,
a weak response of ascites to the anti-cancer treat
[1,14]
ment is well correlated with poor prognosis
,
suggesting that frequent and repetitive volume assess
ment is particularly important for decision making
concerning continuation or withdrawal of the ongoing
treatment.

Ultrasonography
In this field, the use of endoscopic ultrasonography
[29,30]
is increasingly reported
, because of its excellent
ability to detect subtle ascites. This modality would
therefore be especially beneficial for predicting
prognosis in patients with gc, based on patients with
ascites apparently having poorer outcomes than those
[16,31-33]
patients without ascites
; however, the technique
requires considerable expertise and is invasive for
patients. Abdominal ultrasonography is often used in
the emergency room and daily clinical practice due
to its convenience, and thus is likely to first detect
ascites. Recently, ultrasonography technologies allowed
development of much smaller devices, which will
eventually eliminate unnecessary further confirmatory
[34]
examination with invasive modalities .
[35]
Indeed, as early as 1996 Inadomi et al developed
a protocol to measure ascites volume with ultrasono
graphy, in patients with portal hypertension. They
regarded the ascites in the abdominal cavity as a fluid
retained in the base of a large sphere, and developed
an algorithm accordingly using two variables: the
ascites depth, defined as the distance to the deepest
point of the ascites, and abdominal circumference. The
calculated value proved to be well correlated with the
ascites volume determined by distribution (dilution)
of radiolabeled tracer. However, this method had the
remaining problem that patients needed to remain in
a prone position on their hands and knees for 10 min,
and it is not clear whether it could be used in patients
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with postoperative intraperitoneal adhesions.
[36]
More recently, Irshad et al
reported notable
findings of correlation between the smallest depth
of ascites on ultrasonography and the subsequent
drained volume of ascites. They conducted 60
paracenteses in 29 patients after evaluating the length
between the most superficial bowel loop and the
abdominal wall. They found that the length measured
by ultrasonography was well correlated to the amount
of drained fluid, and concluded that ultrasonography
could successfully estimate the ascites volume.
Establishment of a validated volume-measuring
method based on ultrasonography would obviously
be a great benefit for patients who require frequent
monitoring, and thus further development of these
initial studies are eagerly awaited.

Five-point method on CT
The recent development of multi-detector CT permits
[31,32]
small amounts of ascites to be detected
and thus
imaged by reconstruction of three-dimensional imaging.
Although a volume-rendering algorithm applied to
such imaging would enable accurate assessment of
ascites volume, the procedure requires an appreciable
amount of time regardless of the operator expertise.
[4]
To reduce the burden, Oriuchi et al developed a
very simple method to estimate ascites volume using
the horizontal plane of CT imaging. In this technique,
ascites depth was measured at five points on three CT
images and the sum of measurements for each patient
was multiplied by 200 (Figure 1). The estimated ascites
volume was then correlated with the volume calculated
with 3D-CT in patients having > 300 mL of ascites. The
authors reported that this protocol was reliable even
in patients with a history of surgical intervention that
might cause changes of their ascites distribution due to
adhesion. The accuracy of this method was confirmed
by two following studies: one for assessing the ascites
[1]
due to gc and one for assessing ascites due to a
perforated peptic ulcer of the upper gastrointestinal
[37]
tract .
Of note, the horizontal plane of CT imaging at the
level of the superior mesenteric artery occasionally
does not depict the spleen, and ascites can occur in
patients who undergo splenectomy with gastrectomy.
In such cases, volume assessment could instead use
the distance from the inner surface of the abdominal
wall to the surface of an internal organ at a defined
line (Figure 1). This altenative method is also reliable
for assessing chronological changes in ascites volume
(personal communication with Dr. Oriuchi). Despite the
apparent limitation of only a small number of patients
examined thus far and the lack of explicit evidence for
using an alternative measuring parameter rather than
the standard one of the distance between spleen and
abdominal wall, this CT-based method is fascinating
and warrants further exploration.
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A

such cases has to be based on the integrated clinical
[38]
information . Standardized evaluation methods are
required to select the patients who should continue
the current treatment, and identify the patients who
should receive other treatments because of disease
progression. The candidate for the clinical endpoint of
the treatment could be an improvement of quality of
life (QOL) measured by established questionnaires.
However, the assessment is often difficult to achieve
[39]
due to its complexity; Badgwell et al
courageously
demonstrated the difficulty of conducting self-reporting
assessment of QOL using Functional Assessment of
[40]
Cancer Therapy-General (FACT-G) . Only 39% of
the patients with incurable cancer and gastrointestinal
obstruction completed the questions concerning
quality of life and treatment satisfaction at one-month
follow up. Based on our similar clinical experiences
and observations, we noticed the need for new
convenient method to evaluate the treatment efficacy
for malignant ascites due to gc, and “Clinical Benefit
[1,41]
Response in gc (CBR-GC)” was proposed
.

B (B')

C

D

Concept of clinical benefit
response in gc
E

Figure 1 Five-point method to measure ascites volume. Upper: Line
between the bilateral antero-posterior mid-points of the abdominal wall is
drawn at the plane of the root of the superior mesenteric artery. The distances
between the inner surface of the right abdominal wall and the liver (A cm), and
between the inner surface of the left abdominal wall and spleen (B cm) are
obtained. When spleen is not observed on this plane, the distance between the
left abdominal wall and margin to the ascites and internal organs are measured
(B’ cm); Middle: The lower pole of the left kidney is observed on this plane.
The sagittal line from the bilateral paracolic gutter, and between the bilateral
antero-posterior midpoints of the abdominal wall is drawn. The distances C (cm)
and D (cm) are thus obtained. Lower: A line between the anterior sides of the
bilateral femoral artery is drawn. The distance between the inner surface of the
abdomen (at the middle) and the line is obtained (E cm). The ascites volume is
calculated by the equation of (A + B + C + D + E) × 200 (mL).

CLINICAL ENDPOINT OF TREATMENT
FOR ASCITES
Because the peritoneal dissemination sparsely
distributes in the abdominal cavity rather than forming
a large mass, patients with malignant ascites often
lacks measurable lesions. In addition to the ascites
volume, the assessment of treatment efficacy in
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CBR is an established palliative endpoint for gastro
intestinal tract malignancy that is particularly applied in
[42-44]
clinical trials for the treatment of pancreatic cancer
.
CBR is based on three clinical factors: the change
in pain, Karnofsky PS, and body weight, although
because of the hierarchical structure of CBR, its use is
[44]
slightly complicated and vulnerable to missing data .
In contrast, CBR-GC is a newly proposed concept for
evaluating the response of malignant ascites due to gc
to anti-cancer therapy. This evaluation system has two
major components: (1) change in ECOG-PS; and (2)
change in ascites evaluated using the patient-oriented
method.
Change in ascites (response) with treatment (lateral
axis of Figure 2) is determined by abdominal girth
and intensity of palliation, which comprises the use of
diuretics and paracentesis. When the abdominal girth
decreases in volume and the intensity of palliation
is not increased, the response of ascites is termed
“Positive”. Meanwhile, either or both an increase in
abdominal girth and increased intensity of treatment
is classed as a “Negative” response to treatment.
Comprehensive judgment is then based on the general
assessment of ascites response and ECOG-PS. Positive
CRB-GC is defined by an improvement of either or
both ascites and ECOG-PS without deterioration of any
parameter. If the CRB-GC is not positive, the status is
determined as negative.

Clinical use of CBR-GC
When CRB-GC was used to evaluate the efficacy of
paclitaxel treatment in patients with malignant ascites
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Ascites fluid

Abdominal girth
Treatment intensity

Positive

Stable

Negative

Decreased and
Not increased

No change and
Not increased

Increased and/or
increased

Improvement
ECOG-PS

Stable
Deterioration
Positive CBR-GC

Negative CBR-GC

Figure 2 Clinical benefit response in gastric cancer. CBR-GC is defined by the ascites response to treatment (horizontal axis) and ECOG-PS (vertical axis).
Response of ascites is judged by a combination of abdominal girth and treatment intensity. CBR-GC: Clinical benefit response in gastric cancer; ECOG-PS: Eastern
Cooperative Oncology Group performance status.

due to gc, 39.1% had a positive CRB-GC, suggesting
that CRB-GC could serve as a prognostic predictor in
such patients. The median survival time of patients with
positive CRB-GC was 9.9 mo, while that of patients with
negative CRB-GC was 3.6 mo (P value not shown).
The possible limitation of CRB-GC is that subtle
alleviation of ascites-related symptoms, which could be
of real importance for patients, might be overlooked
when solely based on these two factors of ascites
response and ECOG-PS, when clinically, symptom
improvement should signal continuation of the
treatment to prevent deterioration in the patient’s
condition. However, CRB-GC could become negative
when both ascites and ECOG-PS are “stable”. Thus,
further study is necessary to clarify whether this new
evaluation system is adequately correlated with subtle
symptom alleviation. As suggested by the authors, the
relationship between improvement in patient quality
of life and CRB-GC status should be addressed.
Additionally, the abdominal girth seems precarious
compared to the volume measurement by CT, and
the threshold of decrease or increase in abdominal
girth has to be clearly defined. Although, the authors
found that the 5% of possible error did not change
the primary results, the exact threshold of change in
abdominal girth that determines “no change” should
be verified.

Treatment
Choosing a treatment option for gc with malignant
ascites also relies on the patient’s general condition.
Despite the presence of ascites, standard treatment
[45-47]
as per the guidelines
should be the first choice
when the patients are motivated enough and in a good
general condition without insufficiency of vital organs.
While many alternative treatment options have been
reported, evidence-based guidelines for each remain
to be developed.

Systemic chemotherapy
Paclitaxel monotherapy

Pharmacokinetic studies of paclitaxel shows that
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concentration of this drug in ascites remains within
the optimal range up to 72 h after intravenous admini
[48]
stration at the dose used in a weekly regimen ,
while a similar dose of paclitaxel maintains the
serum concentration above the minimum effective
[49]
concentration at least for 24 h . The bulky molecular
structure, molecular weight, and high affinity to proteins
in ascites probably delays the clearance of paclitaxel
[48]
from the peritoneal cavity , possibly explaining
its efficacy on ascites and peritoneal dissemination.
[1]
Imamoto et al conducted a phase Ⅱ study focusing
on the efficacy of paclitaxel monotherapy in patients
with malignant ascites due to gc, recruiting 64 patients
with a median ascites volume of 2796 ml (range, 122
ml to 7623 ml). This paclitaxel monotherapy regimen
achieved volume reduction in 31.1% of patients (Table
3) and 39.1% of the patients experienced positive
CBR-GC. We consider that the low frequency of adverse
events and the treatment efficacy warrants applying
[1,6,50-52]
this treatment for a wider range of patients
.

Docetaxel

Pharmacokinetics study of docetaxel after synchronous
administration with fluoropyrimidines demonstrated
that docetaxel concentration in ascites remained high
[53]
up to 24 h after the intravenous administration . This
synchronous administration of two different anti-cancer
agents achieved a median survival time of 7.2 mo in
24 patients with gc and malignant ascites. However,
the author noted that the concentration of docetaxel in
ascites was not correlated with the reduction in ascites,
leaving the possibility of a significant influence due to
the fluoropyrimidine.
Evidence concerning the direct effect of docetaxel
monotherapy on malignant ascites due to gc is not
available, to our knowledge; however, the weekly
docetaxel monotherapy achieved disease stabilization
(defined as a complete response, partial response,
or stable disease lasting more than 100 d) in 36% of
elderly patients or patients with impaired performance
[54]
status, with an acceptable safety profile . In addition,
several case reports demonstrated its efficacy in
treating patients with peritoneal recurrence and/or
[55,56]
malignant ascites refractory to paclitaxel
. Gligorov
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Table 3 Systemic chemotherapy for patients with malignant ascites due to gastric cancer
Ref.

Regimen

No.
patients

ECOG-PS
0/1/2

Ascites
volume

Prior
chemotherapy

Main findings

Grade 3 or more AE

Imamoto et al[1]

Paclitaxel1

64

24/28/12

Mean: 2906
mL (range:
122-7623 mL)

37

Neutropenia: 19.1%
Hyponatremia: 19.1%
Anorexia: 22.2%

Hironaka et al[51]

Paclitaxel1

38 (21)

12/15/11

ND

38

Positive CRB-GC: 39.1%
MST 5.2 mo
Positive CRB-GC: 9.9 mo
Non-response: 3.6 mo
Ascites volume reduction:
5/21

Takeyoshi et al[58]

Paclitaxel
Doxifluridine2

24

8/4/2012

ND

14

Paclitaxel

25

1/19/5

Non: 1

7

27

MST: 8.4 mo
Ascites volume reduction:
35.4%

Iwasa et al[59]

Fluorouracil
Leucovorin3

MST: 7.2 mo
1-yr OS: 29.2 and
RR: 41.7%
Ascites volume reduction:
44%
MST: 8.0 mo

Oh et al[60]

mFOLFOX-44

48

0-1/2: 26/22

Mild: 6
Moderate: 2
Masive: 16
ND

Yamao et al[38]

Methotrexate
Fluorouracil5

37

8/24/5

ND

0

Ascites volume reduction:
35.1%

Nakayama et al[62]

Methotrexate

47 (23)

10/13/24

ND

8/47

Ascites volume reduction:
15/23
MST 211 d

Fluorouracil
Cisplatin6

Neutropenia: 32%
Leukopenia: 29%
Death within 30 d of the last
administration
Leukopenia: 25%
Elevated alt: 12.5%
Neutropenia: 12%
Anemia: 12%
Hyponatremia: 16%
Anorexia: 16%
Neutropenia 18.8% (per cycle)
Nausea: 6.3%
Febrile neutropenia: 2.6%
(per cycle)
Neutropenia: 27%
Elevated total bilirubin: 24.3%
Anemia: 24.3%
Leukopenia: 21.3%
Neutropenia: 19.1%
Nausea: 2.1%
Anorexia: 2.1%

1

Eighty mg/m2 of paclitaxel intravenously on day 1, 8, 15, every 4 wk; 280 mg/m2 of paclitaxel intravenously on day 1, 8, 15, every 4 wk and doxifluridine
533 mg/m2 at day 1-5, every week; 3500 mg/m2 of fluorouracil, 250 mg/m2 of leucovorin, and 60 mg/m2 of paclitaxel intravenously on day 1, 8, 15, every 4
wk; 485 mg/m2 of oxaliplatin on day 1, 20 mg/m of leucovorin, 400 mg/m2 of fluorouracil on day 1 and 2, followed by 600 mg/m2 of fluorouracil over 22 h,
every 2 wk; 5100 mg/m2 of methotrexate and 600 mg/m2 of fluorouracil intravenously, every week; 630 mg/m2 of methotrexate, 600 mg/m2 of fluorouracil
on day 1 and 8, 6 mg/m2 cisplatin on days 1-14, every 4 wk. AE: Adverse event; ND: Not described; ECOG-PS: Eastern Cooperative Oncology Group
performance status.

[57]

et al
cautiously summarized the difference between
taxanes, and found favorable molecular features,
pharmacokinetics, and drug interactions of docetaxel
as an anti-cancer drug. Thus, a phase Ⅱ study is
urgently needed to adequately determine the efficacy
and safety of docetaxel monotherapy, ideally in
comparison with paclitaxel, for patients with malignant
ascites due to gc.

Combination therapy

The advantage of combination therapy over mono
therapy has to be more definitively proved in clinical
trials before wide take-up by clinicians, with several
[58-60]
one-arm phase Ⅱ studies favouring monotherapy
.
[58]
Takeyoshi et al performed a Phase Ⅱ trial to evaluate
combination therapy of paclitaxel and doxifluridine,
an intermediate metabolite of capecitabine, and found
that the treatment yielded an ascites response rate
of 41.7% and MST of 215 d (equivalent to 7.2 mo) in
24 patients, with a 25% occurrence rate of grade 3/4
leukopenia. The accompanying pharmacokinetics study
revealed that the ascites concentration of paclitaxel
following such therapy was within the therapeutic
range up to 72 h, which is consistent with previous
[48]
reports of monotherapy . Similarly, paclitaxel and
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5-fluorouracil achieved a median overall survival of 8.0
mo and ascites response rate of 44% in patients with
[59]
massive ascites or inadequate oral intake .
Korean scholars reported the effectiveness of
modified FOLFOX-4 in patients with malignant ascites
due to gc with the protocol regime applied as first[60]
line, second-, or third-line treatment . A decrease
or disappearance of ascites was observed in 35.4%
(17/48) patients, with a median overall survival of 8.4
mo; however, the treatment could be harsh because
grade 3 neutropenia was not uncommon (0.188 event
per cycle) and grade 4 febrile neutropenia occurred 6
times among 233 treatment cycles.
In terms of methotrexate, two phase Ⅱ clinical
trials explored the efficacy of combination therapy
[38,61]
of methotrexate and 5-fluorouracil
, and found
complete disappearance of ascites or apparent
reduction of ascites in 35%-54% of the patients. A
study of more complicated combination chemotherapy
with methotrexate, a-fluorouracil, and low-dose
cisplatin for diffuse-type advanced and recurrent
gc (KDOG9501) recruited 47 patients, 23 patients
[62]
of which had significant amounts of ascites . The
results showed that 4 out of 23 ascites disappeared,
while 11 patients had decreased ascites, thus 65.2%
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of the patients with ascites experienced improvement.
The median survival time was reported to be 211 d
(equivalent to 7.0 mo). However, a recent phase Ⅲ
clinical trial including 237 patients with peritoneal
dissemination (among them, 171 patients had
malignant ascites) suggested that the combination
therapy is not superior to 5-fluorouracil monotherapy
[63]
in terms of overall survival .

Intraperitoneal chemotherapy
Anti-cancer drugs administered into the peritoneal
cavity penetrate the tumor nodules by passive
[64]
diffusion. Because penetration depth is limited , such
intraperitoneal administration is not sufficient to treat
larger nodules, and combinations of intravenous and
intraperitoneal administration of anti-tumor drugs
have been attempted to treat such cases. Cisplatin is
an effective agent to treat gc when it is administered
intravenously. However, intraperitoneal administration
of cisplatin is not a common practice due to its
[65]
proven lack of benefit as adjuvant chemotherapy ,
probably due to immediate clearance from the
peritoneal cavity. To prolong the effect of cisplatin
within the abdominal cavity, a new drug delivery
system has to be developed. In this context, the
commonly applied agents are taxanes. For instance,
a phase Ⅱ randomized trial comparing intravenous
and intraperitoneal paclitaxel administration has been
[66]
implemented by Kodera et al
(UMIN000002957)
under the supervision of Ministry of Health, Labor and
Welfare as an advanced medical treatment project of
the government.
For treatment of patients with malignant ascites
[14]
due to gc, Kitayama et al
evaluated the efficacy
of synchronous administration of intravenous and
intraperitoneal paclitaxel, and oral administration of S-1.
The study enrolled 33 patients with ascites due to gc,
9 of which had more than 2500 ml of ascites before
treatment. After the initiation of the treatment, 70% of
the cases showed > 50% reduction in ascites volume
and an associated improvement in prognosis, with a
median survival time of 455 d. Another study from
the same group further showed that the combination
treatment could be safely followed by curative resection
[7]
(gastrectomy) in selected patients . In such cases,
the one-year survival rate was 82% with a median
survival time of 26.4 mo. Meanwhile, the patients with
refractory ascites against treatment had a median
survival time of 12.1 mo. As discussed by the authors,
the benefit of salvage gastrectomy remains unclear;
however, such treatment is apparently beneficial for
selected patient because 5-year survival could be
achieved by this sequential treatment. The frequent
adverse events for this regimen were neutropenia
and leukopenia (25% of patients), while occlusion or
infection of the access port is also conceivable with the
intraperitoneal chemotherapy.
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Hyperthermic intraperitoneal
chemotherapy and cytoreductive
surgery
HIPEC after cytoreductive surgery has received
increasing attention due to its efficacy in treating
[67,68]
peritoneal dissemination of gc
. We speculate
that many of the patients in these cited studies had
some degree of malignant ascites; however, there
was little focus on the efficacy of HIPEC with/without
cytoreduction in patients with significant amounts of
[8]
malignant ascites. Yang et al explored the clinical
benefit of this combination therapy in 28 patients with
gc and heavy ascites or peritoneal carcinomatosis. Of
these patients, 20 had ascites and positive cytology,
and the detailed information of 12 patients with
ascites was available. These patients died at 2, 3,
8, 8, 9.5, 9.5, 10.5, and 29.5 mo after surgery, and
survival was confirmed at 3, 5, 9, and 19 mo, yielding
a median survival time of 9.5 mo (95%CI: 7.6-11.4
mo). Although the beneficial effect of this treatment
seems marginal for the majority of patients, long-term
survival was observed and this is generally difficult to
achieve with other modalities. Unfortunately, the study
did not elucidate the preoperative factors significant
for long-term survival, and thus patient selection
would become an important issue to be solved. In
addition, the related complications and even mortality
associated with this combination regime might
attenuate its attractiveness.
Another of HIPEC demonstrated that only 14 out of
45 patients with peritoneal dissemination of gc could
undergo optimal cytoreductive surgery, (meaning no
visible tumor residue or only residual nodules < 2.5
mm). The authors performed HIPEC only in these 14
patients because the penetration of chemotherapeutic
agents into tissue nodules is limited and they considered
that performing HIPEC in patients with large residual
[9]
nodules would not be beneficial . Consequently, the
optimal treatment group with cytoreduction and HIPEC
showed longer median survival than cytoreduction only
(median survival time of 18 mo vs 6 mo, P = 0.0007).
They also found that the preoperative risk factors of
incomplete cytoreduction were retention of ascites and
preoperative malnutrition (prognostic nutrition index).
Indeed, attempting to perform cytoreductive surgery
with HIPEC on patients with gc and ascites is in and of
itself a challenging task.
Because cytoreductive surgery and HIPEC could be
too damaging for patients with gc and an already poor
general condition, reduced invasiveness was attempted
by using laparoscopic intraperitoneal hyperthermic
chemotherapy. Reports of this modification are still
[69-71]
scant and the survival benefit remains unclear
;
however, the recurrence of ascites development was
suppressed in the majority of studied cases and thus
exploration of this treatment might be justified.
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MOLECULAR TARGETING THERAPY
[72]

Molecular targeting therapies such as bevacizumab ,
[73,74]
[75]
[76]
cetuximab
, panitumumab , and everolimus
have not shown significant survival benefit in patients
with gc. Thus, these agents are unlikely to be used
vigorously for malignant ascites secondary to gc.
Trastuzumab is a humanized monoclonal antibody
targeting human epidermal growth factor receptor
type 2 (HER-2), and some clinical trials demonstrated
the efficacy and safety of combination therapy with
[77,78]
trastuzumab, cisplatin, and fluoropyrimidines
.
Although the protocols used did not exclude the
existence of ascites, data concerning ascites response
was seldom described. An ongoing phase Ⅱ trial
focusing on patients with unmeasurable lesions of
HER2-positve gc (UMIN000007941) may give some
further indication for this treatment of malignant
ascites.
Recently the clinical benefit of catumaxomab was
reported. This chimeric antibody of mouse-derived
anti-EpCAM Fab region and a rat antiCD3 Fab can
recognize epithelial cell adhesion molecule-expressing
tumor cells, CD-positive T cells, and Fcγ receptorpositive immune cells, and improved the quality of
life in patients with ascites due to several kinds of
[79,80]
malignancies compared to best supportive care
.
Because this treatment did not prolong survival time,
catumaxomab should be considered only in patients
whose cancer is difficult to treat by conventional
regimes. Meanwhile, the efficacy of combination
therapy with catumaxomab and chemotherapy,
which has minimum toxicity, such as monotherapy of
taxanes, should be explored for severely deteriorated
patients with gc and malignant ascites, as suggested
[1]
by Imamoto et al .
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cancer and represents a major cause of cancer-related
deaths worldwide. With recent biomedical advances
in our understanding of the molecular characteristics
of gastric cancer, many genetic alterations have been
identified as potential targets for its treatment. Multiple
novel agents are currently under development as the
demand for active agents that improve the survival
of gastric cancer patients constantly increases. Based
on lessons from previous trials of targeted agents, it
is now widely accepted that the establishment of an
optimal diagnostic test to select molecularly defined
patients is of equal importance to the development of
active agents against targetable genetic alterations.
Herein, we highlight the current status and future
perspectives of companion diagnostics in the treatment
of gastric cancer.
Key words: Companion diagnostics; gastric cancer;
human epidermal growth factor receptor 2; fibroblast
growth factor receptor; Hepatocyte growth factor receptor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Companion diagnostics are in vitro clinical
laboratory assays designed to predict the efficacy of
treatment using biomarker-based assessments. For
patients with gastric cancer, immunohistochemistry
for human epidermal growth factor receptor 2 (HER2)
overexpression and fluorescence in situ hybridization
for HER2 amplification are the only approved com
panion diagnostic devices. In this era of targeted
therapy, the concurrent development of companion
diagnostic techniques is critical for the success of
novel therapeutics. Furthermore, the successful codevelopment of drug and companion diagnostics
requires a thorough molecular understanding of both
tumor biology and the mechanisms of drug actions.

Abstract
Gastric cancer is the fourth most common type of
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INTRODUCTION
Gastric cancer (GC) is the fourth most common type
of cancer and represents a major cause of cancer[1,2]
related deaths worldwide . Surgery is the curative
treatment option for patients with localized GC and the
survival of patients with resectable GC has improved
to 5-year survival rates of 72%-78% in East Asia with
[3,4]
enhanced efficacy imparted by adjuvant treatment .
However, with the exception of several countries in
East Asia where national screening programs for
the detection of GC are conducted, such as South
Korea and Japan, most patients initially present with
[2,5]
inoperable or metastatic disease . Although no single
standard cytotoxic chemotherapy regimen has been
established, doublet or triplet regimens that include
fluoropyrimidine and platinum have been accepted
as the current standard treatments for patients with
[6-9]
inoperable or metastatic GC
. The activities of
taxanes and irinotecan have been demonstrated and
these compounds are widely used as second-line
[10-12]
chemotherapy
. However, the prognosis of patients
with metastasis or inoperable GC remains poor and is
associated with an overall survival of approximately 1
[6-9]
year .
Recent advances in biomedical research have
advanced our understanding of the molecular
characteristics of GC, leading to the identification of
many genetic alterations as potential targets for its
[13,14]
treatment
. Trastuzumab, a monoclonal antibody
against HER2, and ramucirumab, a fully human IgG1
monoclonal antibody, VEGFR-2 antagonist, have
demonstrated survival benefits in randomized phase 3
[15-17]
trials and been approved for the treatment of GC
.
Multiple novel agents are now under development as
the demand for active agents that can improve the
survival of GC patients is constantly increasing. Based
on lessons from previous trials of targeted agents, it
is now widely accepted that the establishment of an
optimal diagnostic test to select molecularly defined
patients is as important as the development of active
agents against targetable genetic alterations. In this
review, we highlight the current status and future
perspective of companion diagnostics in GC.

CURRENT STATUS OF COMPANION
DIAGNOSTICS IN GC
The history of companion diagnostics began with
the United States Food and Drug Administration
(FDA) approval of an immunohistochemistry (IHC)
TM
assay (HercepTest , Dako Denmark A/S, Glostrup,
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[18]

Denmark) for HER2 protein overexpression in 1998 .
Companion diagnostics are generally known as in
vitro clinical laboratory assays designed to predict
the efficacy of treatment through the assessment of
[19]
biomarkers . In a draft guidance issued by the United
[20]
States FDA in 2011 , companion diagnostics were
defined as essential devices for the (1) identification of
patients who are most likely to benefit from a particular
therapeutic product; (2) identification of patients likely
to be at increased risk of serious adverse reactions as a
consequence of treatment with a particular therapeutic
product; and (3) monitoring of responses to treatment
so that treatments can be adjusted to achieve improved
safety or efficacy. Previously, this has been given various
names, such as pharmacodiagnostics, theranostics,
and pharmacogenomic biomarkers, but the term
“companion diagnostics” is now more commonly used
and has been adapted by the United States FDA and
[19]
the European Union (EU) . Companion diagnostics
have a central role in drug development as techniques
with analytical validity allow investigators to conduct
clinical trials using an enriched study design, which
is likely both to reduce sample sizes and costs, and
[21]
to increase success rates . Additionally, a key goal
of clinical precision medicine is to prescribe the right
drug for the right patient. The United States FDA has
approved IHC assays, in situ hybridization, and target
DNA mutation analyses as companion diagnostics
[18]
TM
for cancer . For patients with GC, the HercepTest
for IHC assessment of HER2 overexpression and
the HER2 fluorescence in situ hybridization (FISH)
TM
PharmDx Kit (Dako Denmark A/S) for the detection
of gene amplification are the only approved companion
diagnostic devices that are based on a successful
[15,18]
randomized phase 3 ToGA trial
.

HER2 pathway signaling

HER2 overexpression or amplification has been
[22-25]
reported in approximately 20% of GC cases
. In
contrast to breast cancer, in which HER2-positivity
is significantly correlated with a poor prognosis,
the prognostic significance of HER2 overexpression
or its amplification in GC has been the subject of
[23,26]
controversy
. This issue might be attributable to
the unique characteristics of HER2 expression patterns
in GC, such as discrepancies in the frequency of HER2
overexpression (30% in intestinal type vs 6% in
diffuse type) according to the Lauren’s classification, a
well-known prognostic factor in GC, and variability in
IHC staining that can indicate tumor heterogeneity in
[25]
HER2 expression, particularly in IHC 2+ cases .
Based on the efficacy of trastuzumab in preclinical
[27]
models of GC
and its marked success in HER2positive breast cancer, a randomized phase 3 ToGA
trial that compared chemotherapy with or without
[15]
trastuzumab was conducted . When the ToGA trial
was planned, validated test methods and scoring
systems for HER2 status were widely available for
breast cancer, but not GC. Therefore, a validation
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Table 1 Human epidermal growth factor receptor 2 scoring criteria for gastric cancer
Score
0
1+

2+

3+

Surgical specimen-staining pattern

[15,23]

Biopsy specimen-staining pattern

HER2 overexpression assessment

No reactivity or membranous reactivity in < 10% No reactivity or no membranous reactivity in any
of tumor cells
tumor cell
Faint/barely perceptible membranous reactivity Tumor cell cluster with a faint/barely perceptible
in ≥ 10% of tumor cells; cells are reactive only in membranous reactivity irrespective of percentage of
part of their membrane
tumor cells stained
Weak to moderate complete, basolateral, or
Tumor cell cluster with a weak to moderate complete,
lateral membranous reactivity in ≥ 10% of tumor
basolateral, or lateral membranous reactivity
cells
irrespective of percentage of tumor cells stained
Strong complete, basolateral, or lateral
Tumor cell cluster with a strong complete, basolateral,
membranous reactivity in ≥ 10% of tumor cells
or lateral membranous reactivity irrespective of
percentage of tumor cells stained

Negative
Negative

Equivocal

Positive

HER2: Human epidermal growth factor receptor 2.

study was performed to establish a HER2 scoring
system for GC to identify suitable patients for enroll
[23]
ment in the trial . In that study, which used the
TM
TM
HercepTest and FISH PharmDx Kit, it was noted
that tumor heterogeneity and basolateral membrane
staining were more common in GC than in breast
cancer. That study concluded that the scoring system
TM
of HER2 IHC assessment using the HercepTest in
breast cancer should be applied to GC with some
modifications because of incomplete reactivity in tumor
cell membranes and tumor heterogeneity, which are
both frequently observed in GC (Table 1). It was also
recommended that both IHC and FISH testing should
be used to select patients for the ToGA trial because of
differences in results between GC and breast cancer.
Based on this validation study of the HER2 scoring
system in GC, patients were enrolled in the trial if their
tumor samples were scored as 3+ by IHC or as FISHpositive (a HER2: CEP17 [centromeric probe 17] ratio
[15]
≥ 2) .
In the ToGA trial that enrolled 594 chemotherapynaive patients with GC, the addition of trastuzumab
significantly improved the efficacy of chemotherapy
with 2.7 mo of benefit in median overall survival (13.8
mo for chemotherapy with trastuzumab vs 11.1 mo for
[15]
chemotherapy alone) . After the success of the ToGA
trial, trastuzumab became the first biological agent
approved for the treatment of GC, and the combination
of trastuzumab and cytotoxic chemotherapy is now
considered as a standard treatment for metastatic or
recurrent HER2-positive GC. Although the results of the
FISH and IHC assays have been shown to be highly
[24]
correlated , HER2 overexpression assessed by IHC
was more significantly correlated with the efficacy of
trastuzumab, irrespective of the FISH results. Indeed,
the median overall survival was 10.0 mo in the IHC 0
or 1+/FISH-positive subgroup, whereas it was 16.0 mo
[15]
in the IHC 2+ or 3+/FISH-positive subgroup . This
improved efficacy of trastuzumab in HER2 IHC 2+/
FISH-positive or IHC 3+ GC patients was supported
by the findings of subsequent phase 2 trials that used
[28,29]
trastuzumab-containing regimens against GC
.
Ongoing trials for novel HER2-targeted therapies, such
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[30]

as pertuzumab
and T-DM1 (NCT01641939), now
use this selection criterion (i.e., IHC 2+/FISH-positive
or IHC 3+) for the inclusion of patients. Additionally,
IHC staining is recommended as the initial testing
modality for all GC patients to define HER2 positivity in
[24,31]
daily clinical practice
.
Lapatinib is a tyrosine kinase inhibitor that blocks
both epidermal growth factor receptor (ErbB1) and
HER2, which has been approved for the treatment
of HER2-positive breast cancer after progression
[32]
to trastuzumab . The efficacy of lapatinib in GC
was investigated in two large randomized phase 3
[33,34]
trials
. The TyTAN trial compared the combination
of lapatinib plus paclitaxel with paclitaxel alone in
a second-line setting for 281 patients with HER2amplified GC that was assessed by FISH (HER2:
[33]
CEP17 ratio ≥ 2) . That trial failed to show significant
improvements in overall survival with the addition of
lapatinib in a second-line setting. Despite the negative
results in an intent-to-treat population, subgroup
analyses revealed that lapatinib was significantly
associated with better overall survival in patients
with HER2 IHC 3+ GC. This finding suggested that
the efficacy of lapatinib might correlate with HER2
overexpression as assessed by IHC, which was also
shown in a ToGA trial for trastuzumab. As this trial
only used FISH for patient selection, more patients
with HER2 IHC 0/1+ (35%) were included than in the
ToGA trial in which 22% of patients were HER2 IHC
[15,33]
0/1+
. Therefore, improper selection of the target
patient population might represent a potential reason
for negative results, although the lack of efficacy of
lapatinib against HER2-positive GC should also be
considered. The TRIO-013/LOGiC trial tested first-line
capecitabine plus oxaliplatin with or without lapatinib
in patients with HER2-amplified or overexpressed GC,
which was defined as IHC2+ and FISH amplified, or
[34]
IHC 3+, or FISH, CISH, or SISH amplified . In this
trial of 487 patients, the addition of lapatinib did not
improve overall survival, consistent with the results
of the TyTAN trial. Moreover, subgroup analyses of
this study did not show a correlation between IHC
and outcomes with lapatinib, which contradicted the
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TyTAN trial findings. The lack of efficacy with lapatinib
in these trials might be a consequence of negative
interactions between lapatinib and partner cytotoxic
chemotherapy agents, insufficient activity of lapatinib
on HER2-positive GC, or improper selection of the
patient population.
TM
In addition to the IHC HercepTest and FISH
TM
PharmDx used in the ToGA trial, alternative assays or
techniques to assess HER2 status have been evaluated.
In the subset analysis of the TRIO/LOGiC trial, the
results of the PathVysion HER2 FISH probe (Abbott
Molecular Inc., IL) were highly correlated with those of
TM
HER2 FISH PharmDx in the central laboratory, with
rates of positive agreement of 97.9% and negative
[35]
agreement of 99.1% . In a retrospective analysis,
there was a high concordance of IHC staining results
TM
between the HercepTest (polyclonal antibody) and
Pathway (monoclonal antibody; Ventana Medical
[36]
System, Tucson, AZ) for GC patients . Among various
methods used to assess HER2 gene amplification,
silver in situ hybridization (SISH), a bright field in situ
hybridization (ISH) method, has been suggested to
be a valid alternate option for GC, as previous studies
[36-38]
showed 94-100% concordance with FISH findings
.

Hepatocyte growth factor receptor pathway signaling

Although there are no approved companion diagnostics
for detecting activation of the hepatocyte growth factor
receptor (MET) signaling pathway, it represents one of
[39-41]
the most widely investigated biomarkers in GC
.
The role of the MET signaling pathway in tumorigenesis
[42]
and metastasis has been well documented
and
MET overexpression or amplification has been sug
gested to be a negative prognostic marker in GC
[40]
patients . The preclinical activity of MET inhibitors
against MET-amplified or overexpressed GC has also
[39]
been well established . Multiple drugs that target
MET signaling pathways are now in the early and late
phases of clinical trials for GC patients. Along with the
early clinical development of these agents, efforts to
define biomarkers predictive of the efficacy of these
agents have been ongoing. Onartuzumab (MetMab)
is an anti-c-MET monoclonal antibody and, as MET
overexpression has been associated with increased
efficacy of onartuzumab in a randomized phase 2 trial
[43]
for patients with lung cancer , MET overexpression
assessed by IHC was selected as a marker to enrich
patients with MET-positive tumors in trials for GC. A
randomized phase 2 trial was conducted for patients
with HER2-negative GC to compare modified FOLFOX6
[44]
plus onartuzumab with modified FOLFOX6 alone . In
that trial, the addition of onartuzumab did not improve
progression-free survival in either an unselected
population or in MET-positive patients defined by IHC
(≥ 50% of a tumor with moderate to strong intensity
staining on central review). Moreover, there was no
correlation between the efficacy of onartuzumab
and the intensity of MET expression or different
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definitions for MET positivity (≥ 90%). Rilotumumab,
a hepatocyte growth factor (HGF)-targeted monoclonal
antibody, was investigated in combination with
epirubicin, cisplatin, and capecitabine (ECX) in a
[45]
randomized phase 2 trial for GC . In that trial, two
different doses of rilotumumab (7.5 and 15 mg/kg)
were tested and the addition of rilotumumab was
significantly associated with improved progressionfree survival [5.7 mo in both rilotumumab groups
(pooled) vs 4.2 mo in the placebo group; HR = 0.60; p
= 0.0116]. In an exploratory analysis of this trial, METpositivity was defined as ≥ 25% tumor membrane
staining and this MET-positive subgroup appeared to
have a benefit in overall survival with rilotumumab.
Meanwhile, in early phase trials of ABT-700, an antic-MET monoclonal antibody, and AMG 337, an oral
MET kinase inhibitor, promising efficacy was shown in
subgroups of patients with MET-amplified tumors as
[46,47]
assessed by FISH
.
Well-defined MET positivity appears to be critical for
the success of MET inhibitors in GC. This may depend
upon the tumor characteristics, properties of the IHC
assay, and characteristics of the therapeutic agents. As
suggested previously, assessing MET overexpression
by detecting the extracellular domain of MET is more
likely to predict the efficacy of a monoclonal antibody,
[45]
such as rilotumumab . However, further validation
studies that are based on larger sample sizes are
needed to bolster this conclusion.

Other potential biomarkers in GC

The fibroblast growth factor signaling pathway
is also considered to be a potential target for the
[39,41,48-50]
[51]
[52]
treatment of GC
. AZD4547
and dovitinib
are fibroblast growth factor receptor 2 (FGFR2)
tyrosine kinase inhibitors that are currently under
investigation in phase 2 trials for GC (NCT01457846
and NCT01719549). Both trials include patients with
FGFR2-amplified GC, but use different detection
methods (FISH in the AZD4547 trial and quantitative
real-time PCR in the dovitinib trial). In a study that
compared the result obtained using quantitative realtime PCR, IHC, and FISH in GC tissue samples, robust
correlations of both quantitative real-time PCR and
IHC data were shown with the FISH findings, which
represents the most commonly used technique and
[53]
is considered to be a standard method for FGFR2 .
However, this correlation should be validated in future
prospective clinical trials.
Olaparib, an oral small molecule inhibitor of poly
(ADP-ribose) polymerase (PARP), was tested in a
[54]
randomized phase 2 trial . For inclusion in that
study, ataxia telangiectasia mutated (ATM)-negative
tumors assessed using an IHC assay were necessary
considering the preclinical finding that low ATM protein
expression correlates with olaparib sensitivity in GC
[55]
cell lines . Although progression-free survival, the
primary endpoint of that study, did not differ between
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the olaparib and placebo groups, overall survival was
significantly improved in the olaparib group compared
[54]
with the placebo group . The mechanism underlying
the benefit in overall survival without causing a
difference in progression-free survival was unclear
based on that study. However, a phase 3 trial of
olaparib for GC is currently ongoing (NCT01924533)
and its results will be helpful for determining whether
the absence of ATM expression is a predictive bio
marker for PARP inhibitors.
As ramucirumab, an anti-VEGFR-2 antibody, has
been approved for the treatment of GC based on the
[16,17]
success of the REGARD and RAINBOW trials
,
targeting the VEGF pathway is now considered to be a
valid strategy for treating GC. However, no biomarker
has been established that can predict the efficacy of
ramucirumab. Further studies are urgently required
to identify potential biomarkers for VEGF-targeted
therapy, including ramucirumab.

Challenges in the development of
companion diagnostics
Despite some achievements in the development of
drug-companion diagnostics for GC, many challenges
remain to be solved, including some that have
[56,57]
been overlooked
. These include an inadequate
understanding of the modes of action of therapeutic
targets and molecules, intra- and inter-tumor heter
ogeneity, inadequate preclinical models for the dis
covery and validation of targets and biomarkers, and
insufficient availability of data to select analytical
[56]
platforms, methodologies, or reagents . Moreover,
even for established companion diagnostic tools,
such as HER2 in GC, test results can be affected by
preanalytical variables, including sample quality and
stability, as well as the subjectivity of pathologists in
[31,56,58]
assay interpretation, particularly for IHC
. These
problems may contribute to false-positive or falsenegative results that can result in unnecessary or
ineffective treatments. Furthermore, this issue may be
closely related to the success of biomarker-driven trials
in the evaluation of therapeutics directed against novel
targets.

biomarker hypothesis for certain drugs is often derived
from data obtained during the preclinical and early
[19,56]
clinical phases of drug development
.
Some of the key biological characteristics of tumors
may be represented as potential biomarkers that are
shared among different cancer types, such as HER2positivity, which is a validated therapeutic target in
both breast cancer and GC. Accordingly, in the future,
the co-development of drugs and diagnostics could
be conducted simultaneously across different cancer
types. However, cancer type-specific modifications
and validation will remain essential for optimizing the
performance of companion diagnostic techniques.
Currently, approved companion diagnostic devices
are based on the paradigm of “one biomarker, one
drug”, and depend on focused, low-throughput tech
niques, such as IHC and FISH, which have a narrow
scope of biomarker evaluation and often require
[19,56,59]
a relatively large amount of tissue samples
.
Although this is not currently a critical issue in the
treatment of GC, it will likely become a major problem
if the need emerges to conduct various biomarker
tests simultaneously for the selection of targeted
agents because the amount of suitable biopsy tissues
for biomarker analysis can be limited, particularly
in patients who initially present with metastatic
disease. Furthermore, as not all biomarker-positive
patients are responsive to the corresponding drugs,
so the simultaneous detection of accompanying
genetic aberrations that confer resistance will also be
[59,60]
important
. These potential challenges underscore
the need for high-throughput companion diagnostic
technique platforms, including next generation se
quencing and mass spectrometry proteomics. These
will allow us to more comprehensively assess the
biological features of tumor samples. As the costs of
these techniques continue to decrease, hurdles to
the incorporation of high-throughput techniques in
both clinical trials and daily practice are likely to be
cleared, resulting in the identification of more optimal
therapeutics.
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Abstract
Gastric cancer (GC) is one of the most common
cancers in the world and a significant threat to the
health of patients, especially those from China and
Japan. The prognosis for patients with late stage GC
receiving the standard of care treatment, including
surgery, chemotherapy and radiotherapy, remains poor.
Developing novel treatment strategies, identifying new
molecules for targeted therapy, and devising screening
techniques to detect this cancer in its early stages are
needed for GC patients. The discovery of non-coding
RNAs (ncRNAs), primarily microRNAs (miRNAs) and
long non-coding RNAs (lncRNAs), helped to elucidate
the mechanisms of tumorigenesis, diagnosis and
treatment of GC. Recently, significant research has been
conducted on non-coding RNAs and how the regulatory
dysfunction of these RNAs impacts the tumorigenesis
of GC. In this study, we review papers published in the
last five years concerning the dysregulation of noncoding RNAs, especially miRNAs and lncRNAs, in GC.
We summarize instances of aberrant expression of the
ncRNAs in GC and their effect on survival-related events,
including cell cycle regulation, AKT signaling, apoptosis
and drug resistance. Additionally, we evaluate how
ncRNA dysregulation affects the metastatic process,
including the epithelial-mesenchymal transition, stem
cells, transcription factor activity, and oncogene and
tumor suppressor expression. Lastly, we determine how
ncRNAs affect angiogenesis in the microenvironment of
GC. We further discuss the use of ncRNAs as potential
biomarkers for use in clinical screening, early diagnosis
and prognosis of GC. At present, no ideal ncRNAs have
been identified as targets for the treatment of GC.
Key words: Gastric cancer; Dysregulation; Non-coding
RNA; Tumorigenesis; Biomarker
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Gastric cancer (GC) is a significant threat
to the health of patients. Non-coding RNAs, primarily
microRNAs and long non-coding RNAs, play important
roles in gastric tumorigenesis. In this study, we
review papers published in the last five years on the
dysregulation of non-coding RNAs, especially microRNAs
and long non-coding RNAs, in GC. We summarize how
aberrant expression of the non-coding RNAs in GC
affects cancer cell survival and metastasis, as well as
angiogenesis within the tumor microenvironment. We
additionally discuss the potential use of non-coding
RNAs in the clinic as biomarkers for the diagnosis and
prognosis of GC.
Yang Q, Zhang RW, Sui PC, He HT, Ding L. Dysregulation of
non-coding RNAs in gastric cancer. World J Gastroenterol 2015;
21(39): 10956-10981 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i39/10956.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i39.10956

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
[1]
in the world and has high incidence and mortality
in Asia, especially in China and Japan. The addition of
widespread gastroscopy to normal practice in Japan
[2]
has resulted in improved early detection rates . In
addition to traditional pathogenic pathways that lead
to the genesis of GC, Helicobacter pylori (H. pylori)
infection has also been shown to induce gastric
[3]
tumor growth . Previous studies of the mechanisms
leading to GC hypothesized that tumorigenesis was
occurring primarily through abnormal protein-protein
[4-6]
interactions . There has been interest in uncovering
[7,8]
these underlying mechanisms . Recently, significant
research has been conducted on non-coding RNAs,
including small non-coding RNAs and long non-coding
[9-11]
RNAs (lncRNAs)
. Non-coding RNA regulatory
dysfunction plays a significant role in the development
of GC.
MicroRNAs (miRNAs) are noncoding single-str
anded RNA molecules of approximately 22 nucleo
tides that are coded by endogenous genes and target
specific mRNA molecules by forming miRNA-induced
silencing complexes, resulting in mRNA degradation
or hindrance of mRNA translation to functional
protein. At present, miRNAs have been found to have
[12-14]
many biological functions
, including regulation
of cell growth and differentiation. Thus, miRNAs
play a key role in the life cycle of the cell, and their
[15-18]
dysfunction can lead to a diseased state
. Most
miRNAs are highly conserved in the genome and
have a high degree of tissue specificity and temporal
[19-21]
regulation
. These properties make miRNAs
ideal biomarkers that can be detected for cancer
identification. Early detection and accurate monitoring
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of biomarkers are crucial for treatment and positive
prognosis in cancer patients, making biomarker
[22,23]
identification particularly significant
. Recently, cellfree nucleic acids, including a population of miRNAs,
have been identified in the blood of cancer patients,
and their clinical relevance is attracting considerable
[24]
attention .
LncRNAs are RNA molecules longer than 200
nucleotides that are not translated into protein. They
constitute a major, although still poorly characterized,
component of the human transcriptome. However,
growing evidence suggests that they play an im
[25-27]
portant regulatory role in many cell processes
.
Nonetheless, lncRNAs remain among the least
well understood of the RNA transcripts. Although
previously dismissed as transcriptional “noise”, several
lines of evidence have suggested that lncRNAs are
[28]
biologically functional . LncRNAs, particularly highly
conserved ones, are generally actively regulated
and may function predominantly during embryonic
development. Most lncRNAs evolved rapidly in terms of
sequence and expression levels, but tissue specificity
[29]
is often conserved . It is becoming increasingly
clear that many lncRNAs are deregulated in cancer,
and some are functionally tied to mechanisms that
may allow them to be important drivers of malignant
transformation.
Protein-protein interaction networks are increasingly
being employed to characterize cellular processes.
These networks will have to be expanded considerably
to characterize all of the possible modes of action that
can occur. For example, miRNAs can silence target
genes, and lncRNAs in turn can interfere with gene
silencing. In contrast, lncRNA interference with target
proteins can be influenced by miRNAs. For example,
lncRNA-RoR is a key competing endogenous RNA
that links the network of miRNAs to core transcription
[30]
factors . Besides protein-miRNA interactions, proteinlncRNA interactions, and micRNA-lncRNA interactions,
there are many possible and uncharacterized inter
actions that could become dysfunctional and drive
tumor development. Consequently, the development
of appropriate biomarkers derived from these noncoding RNAs that reflect an individual’s cancer risk is
essential to reduce GC-related mortality.

DYSREGULATION OF NON-CODING
RNAS IN GC
MiRNAs

MiRNAs play critical roles in physiological and
[31-33]
pathological processes
. Using miRNA microarray
technology, it has been discovered that thousands
of miRNAs are dysregulated in GC compared with
adjacent tissues; however, only a fraction of these
were confirmed through quantitative real-time
PCR. Table 1, Table 2 and Table 3 show the major
miRNAs that have been confirmed by quantitative
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Table 1 MicroRNAs down-regulated in gastric cancer
ncRNA

Summary of findings/
clinical relevance

q-PCR

Targets

Roles

Cases

Location

Ref.

miR-141

Reduced in metastasis positive
tissues; Might be a prognostic marker
and therapeutic target
Reduced miR-874 promotes
angiogenesis via STAT3; Might be a
therapeutic target
Lower level parallels with EZH2
overexpression
Tumor suppressor by targeting c-Myb

√

TAZ

36 GC vs paired adjacent
tissues

China

[223]

√

STAT3

Proliferation,
invasion and
migration
Tumor growth and
angiogenesis

80 GC vs paired adjacent
tissues

China

[187]

√

EZH2

[224]

c-Myb

37 GC vs 5 normal gastric
mucosa
80 GC vs paired adjacent
tissues

Portugal

√

China

[225]

Can be silenced by promoter
hypermethylation which might be a
predictive epigenetic marker and a
therapeutic strategy
Could be a therapeutic target for GC
therapies and a prognostic factor

√

RASA1

E-cadherin
dysfunction
Proliferation,
invasion and
migration
Invasion and
metastasis

15 GC vs paired adjacent
tissues

China

[52]

√

Bcl-w, SP1

70 GC vs paired adjacent
tissues

China

[226]

A potential target for diagnosis and
therapy
Reduced miR-490-3p reactivates
SMARCD1 to confer malignant
phenotypes
Reduced miRNA decreases ZEB1/2
expression and increases E-cadherin
expression
Might be a marker of prognosis and
therapeutic target

√

RAB40C

[227]

SMARCD1

27 GC vs paired adjacent
tissues
14 GC vs 15 normal gastric
tissues

China

√

Proliferation,
invasion and
metastasis
Proliferation and
colony formation
Growth and
metastasis

Hong Kong

[228]

√

ZEB1/2

Invasion and
migration

64 GC vs paired adjacent
tissues

China

[229]

√

DNMT3A,
DNMT3B,
SP1
ZEB1, ZEB2

Proliferation,
invasion and
migration
Cell-to-cell
adhesion and
migration

36 GC vs paired adjacent
tissues

China

[230]

36 GC vs paired adjacent
tissues (EBV-associated and
EBV-negative)

Japan

[231]

Proliferation

[232]

Invasion and
migration

102 GC vs paired adjacent
tissues
37 GC vs paired adjacent
tissues

China

√

USP47,
RAB22A
Rab23

China

[233]

√

CD44v9

[181]

CD44

54 patients underwent gastric
resection without preoperative
treatment
63 GC vs paired adjacent
tissues

Japan

√

Survival and
proliferation of
metaplastic cells
Cell growth and
drug resistance

Japan

[234]

√

PRL-3

Invasion and
metastasis

20 GC vs 10 normal gastric
tissues

China

[53]

√

PRL-3

Invasion and
migration

30 malignant vs 4 normal
gastric tissues

China

[235]

√

FSCN1

100 GC vs paired adjacent
tissues

China

[236]

A tumor suppressor and a potential
therapeutic target
Suppresses tumor growth and
angiogenesis through targeting
VEGF-A; A potential therapeutic
target
May function as a tumor suppressor
in GC

√

AEG-1

Proliferation,
invasion and
migration
Cell growth

China

[112]

√

VEGF-A

Tumori-genicity
and angiogenesis

22 GC vs paired adjacent
tissues
68 GC vs paired adjacent
tissues

China

[119]

√

Crk

60 GC vs paired adjacent
tissues

China

[237]

Increasing the expression of miR-29s
may be a therapeutic strategy for GC

√

AKT2

Proliferation, cell
cycle, apoptosis,
invasion and
migration
Invasion

20 GC vs paired adjacent
tissues

China

[120]

miR-874

miR-101
miR-103a

miR-335

miR-335

let-7a
miR-490-3p

miR-200c/141

miR-200b /c

miR-200

miR-204-5p
miR-367

miR-328

miR-328

miR-495

miR-551a

miR-133b

miR-542-3p
miR-126

miR-126

miR-29s

Down-regulated miR-200 reduced
E-cadherin expression, playing a
role in the carcinogenesis of EBVassociated GC
Restoration of miR-204-5p might
provide a therapeutic strategy for GC
A key negative regulator of invasion
and metastasis of GC; Might be a
therapeutic target
MiR-328-mediated CD44
overexpression may associate with
the carcinogenesis of GC
Macrophages mediated miR-328CD44 signaling may be a therapeutic
target for gastrointestinal cancer
A tumor suppressor and potential
therapeutic target for GC peritoneal
metastasis
A tumor suppressor targeting PRL-3
oncogene to inhibit GC cell migration
and invasion
A potential diagnostic marker and
therapeutic target
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√

ITGB1

Proliferation,
adhesion, invasion
and migration

274 GC vs paired adjacent
tissues

South Korea,
Japan,
United States

[215]

√

CCND2,
MMP-2

115 GC vs paired adjacent
tissues

China

[238]

√

RCC2

[239]

√

Unknown

China

[240]

√

CASK

China

[241]

√

STMN1,
DIMT1

12 GC vs paired adjacent
tissues
48 GC vs paired adjacent
tissues
50 pairs of H. pylori positive
and negative gastric tissues
20 GC vs paired adjacent
tissues

Japan

Might be a potential prognostic
marker
miR-203
Might be a therapeutic target for H.
pylori infection induced GC
miR-210
Epigenetic silencing of miR-210
involves in chronic H. pylori infection
associated GC
miR-34 family
Plays a role in the control of GC
development

Proliferation
apoptosis and
invasion
Proliferation and
colony formation
Differentiation and
survival
Proliferation and
invasion
Proliferation

Japan

[242]

√

Yin Yang 1

miR-34b and
miR-129-3p

Down-regulated by hypermethylation
of upstream CpG islands indicating a
poor clinical outcome
A novel tumor suppressor and a
potential therapeutic target

√

Unknown

√

RegⅣ

Regulating the sensitivity of GC to
chemotherapy
hTERT suppressors in GC and
potential therapeutic targets
Playing a role in tumorigenesis; A
potential therapeutic target
A potential prognostic predictor and
therapeutic target

√

ARC

√

hTERT

√

Cyclin D1,
cdc25A
Histone
mRNA

miR-29c

Reduced miR-29c expression is an
early event in GC development;
Potential diagnostic and therapeutic
biomarkers
miR-29 family Might be potential prognostic markers
and therapeutic targets
miR-29c

Might be a tumor suppressor

miR-193b

miR-24

miR-185
miR-1207-5p
and miR-1266
miR-365
miR-760

miR-143/145

√

DDX6 contributes to the control
of NCR143/145 RNA stability in
P-bodies and post-transcriptionally
regulated miR-143/145 expression
A potential tumor suppressor and
therapeutic target

√

Unknown

√

CyclinD2

miR-204

A potential target for preventive and
therapeutic strategies

√

Bcl-2

miR-124

A tumor suppressor; Play a role in
miRNA-mediated SPHK1 expression
A tumor suppressor involving the
direct targeting and inhibition of
PHF10
Suppresses GC invasion and
metastasis by directly targeting RDX;
Reduced miR-409-3p is prone to
lymph node metastasis
Reduced miR-148a contributes to
GC lymph node-metastasis and
progression; A potential therapeutic
target for GC metastasis
A potential biomarker and therapeutic
target
A member of the miR-34 family
playing an important role in GC

√

SPHK1

√

PHF10

√

RDX

√

ROCK1

√

CCKBR

√

A tumor-suppressor; Associated with
the direct targeting and inhibition of
OLFM4

√

GMNN,
MET,
CCNE2,
SIRT1
OLFM4

miR-206

miR-409-3p

miR-409-3p

miR-148a

miR-148b
miR-449

miR-486
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Growth, colony
formation,
migration, invasion,
and tumorsphere
formation
Unknown

32 GC vs paired adjacent
tissues

Taiwan

[243]

72 GC vs paired adjacent
tissues

Taiwan

[244]

Proliferation,
invasion and
migration
Chemotherapeutic
sensitivity
Cell growth, cell
cycle and invasion
Proliferation and
colony formation
Unknown

63 GC vs paired adjacent
tissues

China

[245]

25 GC vs paired adjacent
tissues
58 GC vs adjacent tissues

China

[246]

China

[108]

127 GC vs paired adjacent
tissues
53 bone marrow samples
from stage Ⅳ patients vs 52
stage Ⅰ patients; 22 stage Ⅳ
GC vs 29 stage Ⅰ GS tissues
14 GC tissues vs paired
adjacent tissues

China

[105]

Japan

[247]

Japan

[84]

30 primary GC vs paired
distant tissues

China

[248]

92 gastric tumor specimens vs
paired adjacent tissues

Italy

[249]

20 GC vs paired adjacent
tissues
67 GC vs paired adjacent
tissues

China

[117]

China

[250]

90 GC vs paired adjacent
tissues

China

[251]

China

[252]

China

[253]

Denmark

[254]

Singapore

[255]

Cell survival,
proliferation
and malignant
transformation
Proliferation, cell
cycle and tumor
growth
Migration, colony
forming and
chemotherapy
resistance
Proliferation and
tumourigenicity
Proliferation and
apoptosis
Invasion and
migration

Invasion, migration 90 GC vs paired normal tissues
and metastasis

Proliferation and
tumorigenicity
Cell cycle,
proliferation and
induce senescence

106 GC vs paired adjacent
tissues
10 GC vs paired adjacent
tissues

Proliferation,
invasion and
migration

29 GC vs paired adjacent
tissues
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miR-142-5p
miR-125a-5p

miR-516a-3p

miR-181c

miR-212
miR-338-3p

miR-217

miR-15a and
miR-16-1

A potential predictor of progression
and predict recurrence risk for GC
Reduced miR-125a-5p is associated
with enhanced malignant potential; A
potential prognostic marker
An anti-metastamir with therapeutic
potential in blocking metastatic
dissemination of GC

√

Recurrence risk
related
Proliferation

65 GC samples

China

[256]

√

MAPK, Wnt,
VEGF
ERBB2

87 GC samples

Japan

[257]

√

SULF1

Proliferation,
invasion and
migration

Japan

[258]

√

NOTCH4,
and KRAS

Proliferation

Japan

[259]

√

MECP2

Proliferation

Japan

[260]

√

ZEB2,
MACC1

Invasion and
migration

8 normal stomach tissues, 12
GC tissues from the patients
with peritoneal dissemination
and 12 GC tissues without
peritoneal dissemination
16 GC surgical specimens
vs paired non-cancerous
counterparts
11 GC vs paired adjacent
tissues
20 GC vs paired adjacent
tissues

Silenced through methylation
playing important roles in gastric
carcinogenesis
Reduced miR-212 may be related to
gastric carcinogenesis
MiR-338-3p inhibits the EMT
progression in GC cells by targeting
ZEB2 and MACC1/Met/Akt pathway
A potential prognostic marker; miR217-EZH2 axis may be a potential
therapeutic target
MiR-15a and miR-16-1 have inhibitory
effect providing a therapeutic
potential in GC

China

[261]

√

EZH2

83 GC tissues vs adjacent
tissues

China,
United States

[262]

√

YAP1

Proliferation,
invasion and
migration
Proliferation,
colony formation,
invasion and
migration

60 GC vs paired adjacent
tissues

Hong Kong

[263]

GC: Gastric cancer.

reverse transcription-PCR (qRT-PCR) and found to
be dysregulated in GC tissues since 2010. Many of
these miRNAs were demonstrated to act as tumor
promoters or suppressors by regulating the expression
levels of their target mRNAs in GC cells. However, the
mechanisms that control miRNA regulation are as of
yet unknown. Below, we have listed some mechanisms
linked to altered miRNA expression in GC cells.
Multiple miRNAs were found to be dysregulated in
H. pylori-positive GC tissues compared with H. pylorinegative GC tissues. It was reported that a total of
219 of the 3523 measured miRNAs showed a 2-fold
up- or down-regulation in H. pylori-positive GC tissues
[34]
compared with H. pylori-negative GC tissues .
Further studies revealed three miRNAs (miR-99b-3p,
miR-564, and miR-638) that were significantly upregulated in three H. pylori-positive GC samples, while
four miRNAs (miR-204-5p, miR-338-5p, miR-375,
and miR-548c-3p) were significantly down-regulated
in all eight H. pylori-positive GC samples. In addition,
the levels of miR-223 and miR-222 were up-regulated
while miR-375 and miR-320 were down-regulated
[35-38]
in H. pylori-infected gastric mucosa
. MiR-146a
was up-regulated in H. pylori-infected human gastric
epithelial cells and has been shown to decrease the
inflammatory response induced by H. pylori partially
[39]
through reducing the level of PTGS2 . Further work
revealed that miR-146a could enhance apoptosis
in GC cells, and there was a positive correlation
between miR-146a level and the apoptosis rate in H.
pylori-positive GC tissues. The mechanism by which
these miRNAs become dysregulated is still unclear
and requires further investigation, but NF-κB, a key
transcription factor in the development of H. pyloriinduced chronic inflammation, may play a critical
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role in this process. Accordingly, the level of miR-200
was increased in H. pylori-infected GC cells, which
was driven by a functional NF-κB binding site in the
promoter of the miR-200b-200a-429 cluster. This
strongly suggests that NF-κB plays an important role
[40]
in the direct regulation of miR-200 transcription .
Increased expression of miR-200 may be a response
to the unalterable loss of the epithelial phenotype
of GC cells induced by H. pylori. MiR-155 was upregulated by H. pylori both in vitro and in vivo, and
[41]
this induction was NF-κB dependent . In addition,
H. pylori could also induce the expression of miR-155
[42]
in T cells in a cAMP-Foxp3-dependent manner
and
[43]
in macrophages in a T4SS-dependent manner .
MiR-155 was proven to be necessary for Th17/Th1
differentiation and the induction of chronic gastritis in
[44]
a mouse model infected with H. pylori . Furthermore,
increased levels of miR-155 suppressed the production
[41]
of IL-8 induced by H. pylori in gastric epithelial cells
[45]
by regulating the expression of MyD88 . IL-6 is a
pro-inflammatory cytokine negatively regulated by
miR-155 and miR-146b in H. pylori(cagA+)-induced
[46]
gastroduodenal ulcers . Let-7b was found to be
involved in the activation of NF-κB in response to H.
[47]
pylori induced inflammation and immune responses .
Let-7b was down-regulated in H. pylori-infected gastric
epithelial cell lines and the forced overexpression of
let-7b inhibited the activation of NF-κB by suppressing
the level of TLR4 in these cells. These results
demonstrate that let-7b is a negative regulator of NFκB and that this may be the reason for let-7b downregulation in H. pylori-infected gastric epithelial cells.
The levels of several pro-inflammatory cytokines in
H. pylori induced chronic inflammation, including IL1β, IL-6, IL-8, and TNF-α, were found to be correlated
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Table 2 MicroRNAs up-regulated in gastric cancer
ncRNA

Summary of findings/clinical relevance

q-PCR

Targets

Roles

Cases

Location

Ref.

miR-23a/b

Implicated in the progression of GC. A
potential prognosis marker
Highly correlated with malignant
progression and poor survival of GC

√

Unknown

Unknown

China

[264]

√

[137]

√

18 GC tissues vs
adjacent tissues

China

[265]

A tumor promoter in GC targeting and
inhibition of ZHX1; A potential target for GC
prevention and therapy
A potential marker for risk stratification in
the management of GC patients

√

ZHX1

Proliferation,
survival and
tumorigenicity
Proliferation,
tumor growth
migration
and invasion
Proliferation
and apoptosis

China

A promising therapeutic target

CYLD,
TAX1BP1,
OTUD7B
SRCIN1

160 GC vs adjacent
tissues
10 GC vs adjacent
tissues

52 GC vs adjacent
tissues

China

[266]

√

PIAS3, STAT3

Unknown

China

[204]

miR-196a

A potential prognostic marker in GC

√

Unknown

China

[240]

miR-223,
miR-16,
miR-100

Up-regulated in serum implicates their
potential diagnostic value; Significantly
elevated expression of the three miRNAs
in advanced GC patients suggests their
availability in cancer staging
Play a role in miRNA-135a-5p-AP-2α-BCL-2
pathway providing therapeutic potential for
GC and solution for insensitivity of GC to
chemotherapy
SRF/miR-199a-5p/E-cadherin pathway
promotes GC EMT and metastasis; A
potential therapeutic target or biomarker for
GC progression
A potential biomarker for the prognosis of
GC
A potential drug response biomarker and
therapeutic target for TRAIL resistant tumors
A potential therapeutic target in suppressing
GC metastasis
A member of miR-19a/b facilitating GC
cell migration, invasion and metastasis,
implicating a novel mechanism for the
malignant phenotypes of GC
A potential therapeutic target

√

PIAS3

Differentiation and
survival
Unknown

82 patients with
GC and 65 healthy
controls (plasma)
48 GC vs adjacent
tissues
50 GC patients and
47 healthy controls
(serum)

China

[202]

√

AP-2α

Cell resistance to
apoptosis, sensitivity
to adriamycin

20 GC vs adjacent
tissues

China

[267]

√

E-cadherin

Adhesion, invasion,
and metastasis

7 GC vs pairs
adjacent tissues

China

[268]

√

Migration, invasion
and proliferation
Apoptosis

33 GC vs paired
adjacent tissues
28 GC tissues

China

[269]

√

ERBB2,
1(TOB1)
ISG12a

China

[134]

√

Radixin

Metastasis

Taiwan

[172]

√

MXD1

Migration and
invasion

109 GC vs paired
adjacent tissues
141 GC vs paired
adjacent tissues

China

[173]

√

TFF1

[270]

√

FoxO1

15 GC vs paired
adjacent tissues
8 GC vs paired
adjacent tissues

China

A novel role for GSK3β in the regulation
of miR-183-96-182 biogenesis through
β-catenin/TCF/ LEF-1 pathway in GC
Influencing cell proliferation by targeting
RB1
Cluster including miR-19b, miR-20a and
miR-92a associates with the development
of GC stem cells; and miR-92a as a potential
predictive prognostic marker for miR-92a in
GC
MiR-296-5p-CDX1-ERK1/2 axis play a
role in gastric tumorigenesis; A potential
therapeutic target
Associated with increased risk and poor
survival of GC
Contributing to gastric carcinogenesis; A
potential therapeutic target and prognostic
factor
Transcriptionally regulated by ETS2; A
potential diagnostic marker and therapeutic
target
Up-regulated in serum while downregulated in GC tissues. A potential serum
biomarker in GC detection

Proliferation and
invasion
Proliferation and
migration

United States

[83]

√

RB1

Proliferation

China

[271]

√

E2F1, HIPK1

Self-renewal and
proliferation

51 GC vs paired
adjacent tissues
97 GC specimens

China

[272]

√

CDX1

Proliferation

16 GC vs paired
adjacent tissues

China

[273]

√

MTMR3

Unknown

China

[274]

√

p27

China

[275]

√

AnnexinA1,
HOXB8

Proliferation,
apoptosis and
tumorigenesis
Migration and
invasion

50 GC vs paired
adjacent tissues
36 GC vs paired
adjacent tissues
63 GC vs paired
adjacent tissues

Taiwan

[276]

√

Unknown

Unknown

4 GC vs paired
adjacent tissues, 40
GC serum samples vs
41 healthy controls

China

[277]

miR-500

miR-374a

miR-199a-3p

miR-18a

miR‑135a-5p

miR-199a-5p

miR-25
miR-942
miR-196a/b
miR-19a/b

miR-423-5p
miR-183-96-182
cluster
miR-215
miR-17-92
cluster

miR-296-5p

miR-181a
miR-196a

miR-196b

miR-378
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miR-370
miR-192
miR-215

Associated with GC progression by targeting
TGFβ-RII
Exerting cell growth and migrationpromoting effects

√

TGFβ-RII

√

ALCAM

A potential diagnostic and prognostic
biomarker; A potential therapeutic target for
peritoneal dissemination

√

Unknown

miR-200b

33 GC vs adjacent
tissues
Migration, invasion, 31 non-neoplastic
proliferation, cell
stomach tissues and
cycle and apoptosis
25 GC tissues
Migration and
173 GC vs paired
invasion
normal gastric
epithelium tissues
Migration

Taiwan

[278]

United States

[279]

Japan

[280]

GC: Gastric cancer.

Table 3 MicroRNAs up-regulated or down-regulated in gastric cancer
ncRNA

Summary of findings/clinical relevance

q-PCR

Targets

Roles

Cases

Location

Ref.

miR-183 ↑

A potential biomarker for
GC progression and therapeutic target

√

PDCD4

80 GC vs 20 non-tumorous
gastric mucosa tissues

China

[131]

miR-183 ↓

A tumor suppressor partially through
regulation of Ezrin; A potential
therapeutic target

√

Ezrin

Proliferation,
migration,
invasion, and
apoptosis
Invasion

China

[281]

A key factor in the regulation of NF-κB
activity
miR-146a/b ↓
MiR-146a/b/UHRF1 axis associates
with the GC metastasis; A potential
therapeutic target in blocking GC
metastasis
miR-146a ↓
MiR-146a/WASF2 axis may associate
with the migration and invasion
of GC cells; A potential therapeutic target
miR-146a ↓
Targeting EGFR and IRAK1; A potential
prognostic factor
miR-9 ↑
Targeting and suppressing CDX2
expression promote GC cell proliferation
miR-9 ↓
Ectopic expression of miR-9 inhibits the
proliferation, migration and invasion of
GC cells
miR-9 ↓
A tumor suppressor targeting
NF-κB1
miR-375 ↑
A predictor of GC; progression and
recurrence risk for GC patients

√

Inhibits NFκB activation
Invasion and 15 primary GC tissues compared
metastasis
with matched adjacent normal
tissues

Denmark

[282]

√

CARD10,
COPS8
UHRF1

52 pairs of paraffin-embedded
GC and adjacent tissues; 5 fresh
tissues samples from three
patients
37 GC vs paired adjacent tissues

China

[180]

√

WASF2

Invasion and 20 GC vs paired adjacent tissues
metastasis

China

[283]

EGFR, IRAK1 Invasion and 90 GC vs paired adjacent tissues
metastasis
CDX2
Proliferation
27 GC tissues

Japan

[179]

Japan

[284]

72 GC vs adjacent tissues

Taiwan

[285]

9 GC vs paired adjacent tissues

China

[286]

√

P53, MAPK,
Wnt, VEGF

China

[256]

miR-375 ↓

A tumor suppressor; Playing a role in
gastric tumorigenesis
A tumor suppressor

√

JAK2

High
34 frozen fresh tissues and 38
frequency
paraffin-embedded tissues
recurrence
and poor
survival
Proliferation 48 GC vs paired adjacent tissues

China

[287]

√

[288]

√

Apoptosis,
22 samples from GC and 5
proliferation
normal control tissues
Proliferation 42 GC vs paired adjacent tissues

Japan

MiR-218-5p targets and suppresses
TFF1 and influences the progression of
GC in an Erk1/2-dependent manner; A
potential therapeutic target
Disruption of Slit-miR-218-Robo1
regulatory circuit may contribute to GC
metastasis. A potential therapeutic target
in blocking GC metastasis

PDK1,
14-3-3zeta
TFF1

China

[289]

√

Robo1

Invasion and 40 GC vs paired adjacent tissues
metastasis

China

[290]

miR-146a ↑

miR-375 ↓
miR-218-5p ↑

miR-218 ↓

√
√
√

√

MMP2,
Invasion and
MMP9, Twist, metastasis
N-cadherin
NF-κB1
Proliferation

GC: Gastric cancer.
[48]

with miRNA expression . This evidence suggests the
possibility that chronic inflammation mediated by proinflammatory cytokines plays a role in regulating the
expression of miRNAs in H. pylori-infected GC, though
the mechanism by which this might occur remains
unknown.
Accumulated evidence shows that DNA methylation
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of miRNA promoter sites is a critical mechanism
for miRNA dysregulation in tumors, including GC.
Investigation of the methylation frequency of 9
miRNA CpG islands in human gastric samples,
including gastritis, GC and normal tissues, revealed
that methylation frequency was increased in 5 CpG
islands (miR-9-1, miR-9-3, miR-137, miR-34b, and
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miR-210) and decreased in 1 CpG island (miR[49]
200b) during gastric carcinogenesis . Furthermore,
the methylation of those 6 miRNA CpG islands in
cells significantly suppressed the expression of the
corresponding miRNAs. MiR-137, which acts as a
tumor suppressor, was found to be down-regulated
[50]
in GC
through methylation of a CpG island in its
promoter, and an analysis of clinical samples showed
that methylation of miR-137 occurred frequently in
[51]
GC and played a role in gastric carcinogenesis .
Methylation-induced miRNA silencing in GC was also
[52]
[53]
[54]
observed with miR-335 , miR-495 , miR-9 , miR[55]
[56]
[57]
10b , miR-219-2-3p , miR-212 , miR-941 and
[58]
miR-1247 . Aberrant expression of these miRNAs
and consequent regulation of their corresponding
targets resulted in changes in GC cell growth, invasion
[52-56,58]
and migration
. Furthermore, the suppression of
miRNA expression was restored after treatment with
5-aza-2’-deoxycytidine, an agent designed to reduce
the degree of methylation in GC cells at specific miRNA
sites. MiR-129-5p is a multi-drug resistance-related
miRNA that becomes down-regulated in the drugresistant cell line SGC7901/VCR via methylation, as
evidenced by a restoration of miR-129-5p levels upon
[59]
5-aza-2’-deoxycytidine treatment in these cells . MiR34c-5p also negatively regulates paclitaxel resistance
of GC cells and is down-regulated by a methylation
[60]
of CpG islands that are near the miR-34 promoter .
These experiments show that methylation can regulate
the levels of miRNAs. Conversely, miRNAs can regulate
DNA methylation by targeting DNA methyltransferases
(DNMTs). Previous experiments have shown that
miR-148a modulated the expression of DNMT1 and
caused the overexpression of miR-148a, and miR148a reduced the methylation of the RUNX3 promoter,
culminating in increased RUNX3 mRNA and protein in
[61]
GC cells .
There are other regulatory elements that can
induce aberrant expression of miRNAs. For example,
TGF-β, a critical cytokine in cancer, can regulate
miRNA expression. Specifically, this cytokine can up[62]
[63]
regulate miR-155
and miR-181a
in hepatocyte
cell lines and down-regulate miR-203 through direct
[64]
binding to the promoter . TGF-β1 treatment has
been shown to alter miRNA expression in GC cells,
causing the up-regulation of 3 miRNAs and down[65]
regulation of 3 miRNAs . TGF-β1 regulate gene
expression in a Smad-dependent or -independent
manner. However, the role that TGF-β1 plays in
regulating the expression of miRNAs in GC is not often
reported and the mechanism still requires elucidation.
In addition, certain oncogenes play a critical role in
the dysregulation of miRNAs in cancer. For example,
miR-29b was inhibited by c-myc in non-small cell
[66]
lung cancer
possibly through the regulation of
[67]
Drosha . P53 has also been reported to modulate
[68]
the expression of miR-34a ; however, this protein
has not been found in GC, and the role it plays in
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miRNA regulation is still uncertain. Hypoxia is another
modulator of miRNA expression and functions through
HIF-1α. MiR-382 was demonstrated to be induced
[69]
by HIF-1α in GC cells under a hypoxic stress ,
and this phenomenon was also observed in ovarian
[70]
[71]
carcinoma , lung cancer
and other cancer cell
[72-74]
lines
. The expression profile of miRNAs also
changes in GC when the cells undergo treatment
with anti-tumor drugs. Treatment of GC patients with
cisplatin and docetaxel significantly increased the
expression of members of the miR-29 family, causing
[75]
an inhibition of GC metastasis . Moreover, some
miRNAs that are modulated by anti-tumor drugs, such
[76]
[77]
[78]
as miR-508-5p , miR-1271 , and miR-503 , might
participate in the development of drug resistance in
[79-82]
GC cells
. MiRNA regulation also occurs at the
protein level in GC cell lines. For example, GSK3β, a
critical protein kinase, suppresses the expression of
the miRNA-183-96-182 cluster, resulting in a reduction
[83]
of miR-96, miR-182 and miR-183 levels in GC cells .
Another protein, DDX6, suppresses the expression of
the miR-143/145 cluster post-transcriptionally in GC
[84]
cells .

LncRNAs

[85]

Dysregulation of lncRNAs is involved in tumorigenesis ,
but the underlying mechanisms remain elusive. Here,
we describe some recent published data linked to the
mechanisms of dysregulation of lncRNAs in GC.
PVT1 expression is increased in GC tissues and
cells, and the knockdown of PVT1 inhibits GC cell
[7,86]
proliferation and lymph node invasion
. PVT1 shows
potential as a novel therapeutic target for patients who
would otherwise have a poor prognosis. In addition,
HOTAIR was found to be critically involved in the
function of GC cells and has an inverse relationship
with PCBP-1 in both expression level and function.
Accordingly, PCBP1 was confirmed to be an inhibitor
of GC pathogenesis. SiRNA-mediated knockdown
of HOTAIR in GC cells significantly inhibited cell
proliferation, migration and invasion. Additionally, the
impact of HOTAIR on apoptosis, cell proliferation and
cell cycle regulation was investigated to dissect the
[87,88]
carcinogenesis of GC
. In addition to these findings,
HOTAIR is a target of miR-331-3p and miR-124, and
therefore, it may act as a competitive endogenous
[89]
RNA for the targets of those miRNAs .
C-Myc induces lncRNA H19 expression, with the
expression of lncRNA H19 positively correlating with
[90]
the c-Myc levels in 80 GC samples . Overexpression
of lncRNA H19 directly promotes ISM1 expression
and indirectly promotes miR-675 expression in GC.
An inverse relationship was also revealed between
the expression of RUNX1 and lncRNA H19/miR-675
in GC tissues and cell lines. Overexpression of lncRNA
H19 was shown to promote tumorigenic features of
GC including proliferation, migration, invasion and
[25,91]
metastasis
. In addition, MALAT1 and MALAT2 were
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aberrantly highly expressed in gastric cell lines and
tissues, and MALAT1 can mediate the overexpression
of SF2/ASF in the nucleolus. Therefore, MALAT1 may
function as a promoter of GC cell proliferation through
[92]
the regulation of SF2/ASF . Overexpression of
MALAT2 in GC cells increased the migration of GC cells
and induced the epithelial-mesenchymal transition
[93]
(EMT) through an MAP kinase pathway .
TUSC7 is a p53-regulated tumor suppressor that
acts in part by repressing miR-23b. It has been shown
that TUSC7 expression suppressed tumor cell growth
[94]
in vitro and in vivo . In addition, the expression of
lncRNAs LET, FENDRR, FER1L4 and HMlincRNA717 was
markedly down-regulated in tumor tissues compared
with adjacent non-tumor tissues. These decreases
in specific lncRNA expression were correlated with
deeper tumor invasion, lymph node metastasis, distant
[95-98]
metastasis, and higher TNM stages
. However,
FENDRR overexpression suppressed invasion and
migration by down-regulating FN1 and MMP2/MMP9
[96]
expression in GC cells . The lncRNA GAS5 was
demonstrated to decrease GC cell proliferation partly
via regulating E2F1 and P21 expression and to induce
[99]
apoptosis . Ectopic expression of lncRNA MEG3 was
able to inhibit cell proliferation, promote cell apoptosis,
and modulate p53 expression in GC cell lines, however,
its expression level was significantly correlated with
[100]
TNM stage, depth of invasion, and tumor size
.
Overexpression of the lncRNA LEIGC was able to
suppress tumor growth and cell proliferation and to
enhance the sensitivity of GC cells to 5-fluorouracil
(5-FU), whereas knockdown of LEIGC had the opposite
effect. It was further demonstrated that LEIGC
[101]
functions by inhibiting the EMT in GC .

FUNCTION
Survival

MiRNAs in cell cycle regulation: MiRNAs can
regulate cell growth by influencing cell cycle-related
gene expression. MiR-101 functions as a suppressor
in H. pylori-infected GC. The ectopic expression of
miR-101 results in the down-regulation of c-myc,
CDK2, CDK4, CDK6, CCND2, CCND3 and CCNE2 and
the up-regulation of p14, p16, p21 and p27. These
changes culminate in the induction of G1-phase cell
cycle arrest in GC cells, leading to an inhibition of cell
[102]
growth and colony formation . MiR-137 suppresses
GC cell proliferation both in vitro and in vivo, through
[103]
the induction of a G1/S arrest by targeting CDK6 .
MiR-520d-3p down-regulates c-myc and CyclinD1
expression in GC cells and suppresses cell growth by
binding to the 3’ untranslated region (UTR) of EphA2
[104]
mRNA
. MiR-365 expression is reduced at the
transcriptional level in GC tissue via AKT signaling in a
p53-dependent manner. Overexpression of miR-365
suppresses GC cell proliferation both in vitro and in
vivo through direct binding to the 3’UTR of Cyclin
[105]
D1 and cdc25A mRNAs
. Some miRNAs, including
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miR-300, are involved in regulating cell cycle arrest
caused by ionizing radiation such as X-rays, indicating
that this miRNA may play a role in regulating the GC
[106]
cell cycle
. The MiR-191/425 cluster was found to
be overexpressed in GC tissue. A loss-of-function
assay indicated that the cluster has roles in cell cycle
[107]
regulation, although the mechanism is unknown
.
MiR-1207-5p and miR-1266 are both reported to
reduce the expression of hTERT, resulting in G1/S cell
cycle arrest and reduction of GC cell growth both in
[108]
vitro and in vivo . MiR-212 inhibited GC cell growth
by directly reducing RBP2 expression and up-regulating
critical cell cycle related proteins such as p21 and
[109]
p27
. MiR-17-5p/20a acted as an oncogene in GC
cells by directly targeting p21 and TP53INP1, which
have negative roles in the cell cycle and promote GC
[110]
cell growth when inhibited . Some miRNAs, such as
miR-101, miR-137, miR-520d-3p and miR-17-5p/20a,
directly bind to the 3’UTR of cell cycle related mRNAs
and reduce their expression, resulting in progression
[35,102,103,110]
or arrest of the cell cycle
. Other miRNAs,
such as miR-300, miR-191/425 cluster, miR-1207[106-109]
5p, miR-1266 and miR-212
, indirectly modulate
cell cycle related protein levels by regulating the
expression of upstream target genes, but it is unclear
how these miRNAs affect the cell cycle. Changing a
single factor may cause a series of diversifications of
the signaling network in cell cycle activity, and the
mechanisms by which this occurs still require further
research and exploration.
Regulation of AKT pathway by miRNAs: The AKT
pathway is dysfunctional and hyperactive in many
human cancers, including GC, and plays an important
role in cell survival. MiRNAs can regulate cell survival
through activation or inactivation of the AKT pathway
through their targets in GC. For example, miR-1274a
was found to be up-regulated in GC tissue as well as
in GC cell lines such as HGC27, MGC803, SGC-7901
and AGS. Interestingly, miR-1274a inhibits FOXO4
protein expression in HGC27 and MGC803 with no
effect on mRNA level. A dual-luciferase reporter assay
confirmed that FOXO4, which functions as an inhibitor
of the PI3K/AKT pathway, was directly modulated by
miR-1274a in GC cells. MiR-1274a therefore activates
the PI3K/AKT pathway through inhibition of FOXO4
expression in GC cells, resulting in enhanced cell
proliferation and migration. GC xenograft mouse
models also indicate that miR-1274a overexpression
[111]
in GC cells can promote tumorigenesis . While miR542-3p is normally expressed at a low level in GC
tissues and cells, overexpression of miR-542-3p can
potentially markedly inhibit the activation of the AKT
pathway and reduce cell growth by directly binding
[112]
to the 3’UTR of AEG-1
. MiR-137 could inhibit the
activation of the AKT pathway through its target gene
Cox-2 and suppress GC cell growth both in vitro and
[50]
[113]
[114,115]
[116]
in vivo . MiR-34a
, miR-338
, miR-21
,
[117]
[118]
miR-124
, miR-10b
and other miRNAs can
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also regulate AKT pathway activity through similar
gene targeting. Overexpression of miR-126, which
normally acts as a suppressor of angiogenesis in GC,
also inhibited cell growth by reducing the activation
[119]
of the AKT pathway
. Similarly, hypoxia-induced
miR-382 expression reduced the level of PTEN in GC
cells, causing an inhibition of AKT pathway. In vivo,
down-regulation of miR-382 caused a reduction of
[69]
tumor growth and reduced microvessel density . The
miR-29 family contains three miRNAs with identical
seed sequences: miR-29a, miR-29b, miR-29c. This
family was reported to reduce the expression of AKT2,
a key member of AKT pathway, by directly targeting
its 3’UTR in GC cell lines HGC27 and MGC803. Clinical
GC tissue analysis also illustrated that the expression
of miR-29 and AKT2 has a negative correlation. Finally,
ectopic expression of miR-29 induced a suppression
[120]
of the AKT pathway in GC cells . In addition to the
miR-29 family, let-7b/g also directly binds to the 3’UTR
of AKT2 and subsequently results in an inhibition of
[121]
AKT pathway activity in GC .
MiRNAs in apoptosis: Inducing or inhibiting cell
apoptosis is also an important function of miRNAs
in GC cells, making them important regulators
of tumor suppressors and oncogenes. Generally,
miRNAs that are down-regulated in GC tissues and
cells have tumor suppressive functions, and some,
[122]
[123,124]
[125]
including miR-449a
, miR-133a
, miR-224
,
[114,115,126]
[127]
[128]
miR-338
, miR-143 , miR-874
and others,
are capable of inducing cell apoptosis in GC cells.
Overexpression of these miRNAs induces a suppression
of cell proliferation in GC cells concurrent with other
effects such as cell cycle arrest, and suppression of
invasion and metastasis. Tumor suppressive miRNAs
have complex functions in GC cells through their
known targets or potentially other pathways and may
be useful targets for GC therapy. Because miR-449a
acts as a tumor suppressor by directly targeting bcl-2,
which is known for its anti-apoptotic function, the
overexpression of miR-449a in GC cells enhances cell
[129,130]
apoptosis and results in G1/G0 arrest
.
MiRNAs can also act as oncogenes to promote
tumor growth and are referred to as oncomirs. MiR-183
is an oncomir that is up-regulated in GC tissues, and
its increased expression level is associated with high
clinical stage, enhanced invasion, and lymph node
metastasis. Moreover, overexpression of miR-183 in
GC cells reduces the rate of apoptosis by affecting
[131]
the expression of PDCD4
. Other miRNAs, such as
[132]
[133]
[134]
miR-645
, miR-181a
, and miR-942
, can act
as oncomirs by inhibiting cell apoptosis and promoting
tumor growth.
NF-κB signaling has been shown to interact with
miRNAs in GC cells. IL-1β activates NF-κB in GC cells,
and the activated NF-κB directly binds to the promoter
of miR-425 to enhance its transcription. Up-regulated
miR-425 promotes GC cell proliferation and helps the
cells resist apoptosis induced by cisplatin through
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[135]

direct targeting of the 3’UTR of PTEN mRNA
.
Alternatively, some miRNAs, such as miR-362, are
capable of activating the NF-κB signaling pathway in
[136]
GC cells
. MiR-362 activates the NF-κB signaling
pathway by reducing the expression of the tumor
suppressor CYLD, which is its direct target in GC cells.
Similar to previously mentioned miRNAs, the activation
of NF-κB through overexpression of miR-362 inhibited
the apoptosis induced by cisplatin and promoted GC
cell proliferation. MiR-500 also activates NF-κB by
suppressing the expression of CYLD, OTUD7B and
TAX1BP1, which are all negative regulators of NFκB signaling. Overexpression of miR-500 leads to
activation of NF-κB signaling in GC cells, and promotes
resistance to apoptosis, resulting in cell proliferation
[137]
and high tumorigenicity in vivo .
MiRNAs in drug resistance: Tumor resistance to
chemotherapeutic drugs has become increasingly
problematic in GC. Recent findings show that miRNAs
affect the sensitivity of cancer cells to chemical drugs in
GC by regulating the expression of target genes. Using
an miRNA expression profiling chip, it was reported
that there was a significant dysregulation of miRNAs
in the drug resistant sublines SGC-7901/VCR and
SGC-7901/ADR compared with the parental SGC-7901
line. Quantitative RT-PCR analysis demonstrated that
miR-99b-5p, let-7e-5p, miR-125a-5p, miR-181a-5p
and miR-100-5p were significantly down-regulated,
and miR-1273g-3p, miR-378a-5p and miR-425-5p
[138]
were up-regulated in drug resistant sublines
. Upregulated miRNAs in drug resistant sublines prevent
cancer cell death induced by chemotherapeutics, while
down-regulated miRNAs promote cancer cell death
during chemotherapeutic treatment.
MiR-106a was found to be up-regulated in the drug
resistant sublines SGC-7901/VCR and SGC-7901/
ADR. Overexpression of miR-106a was able to reduce
the sensitivity of SGC-7901 to anticancer drugs and
inhibit cell apoptosis. Conversely, inhibition of miR106a in SGC-7901/VCR enhanced the sensitivity of
SGC-7901/ VCR to chemotherapeutics and decreased
[81]
their IC 50 dose . MiR-21 was up-regulated in
SGC7901/DDP, a cisplatin resistant cell line and may
be partially responsible for resistance of GC cells
[80]
to cisplatin . MiR-19a/b has also been shown to
regulate the resistance of GC cells to anticancer drugs
and was found to be up-regulated in MDR cell lines.
Furthermore, an increase in miR-19a/b levels reduces
the sensitivity of GC cells to drugs by accelerating ADR
[79]
efflux .
In contrast, miR-185 was down-regulated in GC
tissues. GC cells with significant overexpression of
miR-185 were significantly more sensitive to apoptosis
induced by low doses of chemotherapeutic agents
compared with their negative controls, a finding which
was confirmed in a nude mouse model. Furthermore,
reduction of endogenous miR-185 expression in GC
cells inhibits cell apoptosis induced by high-dose

10965

October 21, 2015|Volume 21|Issue 39|

Yang Q et al . Gastric cancer and non-coding RNAs
[139]

chemotherapeutic agents
. MiR-218, on the other
hand, could increase the sensitivity of GC cells to
[140]
cisplatin and inhibit cell growth , and miR-1271 was
found to be down-regulated in the cisplatin resistant
cell line SGC7901/DDP. Overexpression of miR-1271
enhanced the response of SGC7901/DDP cells to
[77]
cisplatin . Finally, miR-200c was also reported to
[141]
regulate drug resistance in GC cells .
Accumulating evidence indicates that miRNAs play
an important role in the resistance of cancer cells to
chemotherapy treatment; however, the mechanism
by which this occurs remains poorly understood.
However, the ability of the previously mentioned
miRNAs to directly affect drug resistance in tumor
lines reveals novel targets for improving the efficacy of
chemotherapy in the future. Therefore, chemotherapy
in combination with gene therapy might be a new
avenue for cancer treatment going forward.
LncRNAs in cell survival: Thousands of lncRNAs
were found to be dysregulated in GC tissues
compared with adjacent tissues using a microarray
analysis, and several lncRNAs from the microarray
[142,143]
were confirmed through real-time PCR assays
.
Aberrantly expressed lncRNAs in GC consistently
participated in key tumorigenic functions, including
growth, drug resistance, and metastasis, and their
presence in the tumor indicated a poor prognosis in
[86,95,144,145]
GC patients
. The expression of several of the
dysregulated lncRNAs was correlated with tumor size,
TNM stage, histologic grade, differentiation, lymphatic
metastasis, invasion and other classifications,
[146]
[147]
[98]
including SUMO1P3
, LINC00152
, FER1L4 ,
[97]
[148]
[149]
HMlincRNA717 , ABHD11-AS1
, AC138128.1
,
[150]
[151]
CCAT1
, HIF1A-AS2
and more. In addition to
alterations observed in GC tissue, several lncRNAs
were found to have a significantly different expression
pattern in serum and gastric juice. For example,
CUDR, LSINCT-5 and PTENP1 were down-regulated
in the serum of GC patients compared with healthy
[152]
subjects
, while AA174084 had a high expression
level in gastric juice from GC patients compared with
healthy controls or patients suffering from other noncancer diseases, such as minimal gastritis, gastric
[153]
ulcers and atrophic gastritis
. In addition, plasma
H19 levels were up-regulated in GC patients compared
with healthy controls but were down-regulated in
[154]
postoperative specimens
. Together, these features
reveal that lncRNAs play significant roles in the survival
of cancer cells.
LncRNAs involved in cell proliferation, including
[151]
[100]
[92]
[155]
HIF1A-AS2
, MEG3
, MALAT1 , CCAT1
, and
[101]
LEIGC
, were identified, however, the mechanisms
by which these lncRNAs regulate cell growth are
still unclear. In addition, PVT1 was up-regulated in
GC tissues, and knockdown of PVT1 resulted in a
significant inhibition of cell proliferation. Furthermore,
PVT1 regulates the cell cycle by binding to EZH2, an
important subunit of the PRC2 complex, and inhibits
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[7]

cyclin-dependent protein kinase inhibitors p15/p16 .
SPRY4-IT1 was also found to be up-regulated in GC
tissues and to control cell growth, colony formation,
cell migration and invasion in GC cells partially
through regulating the expression of cyclinD1, MMP2
[156]
and MMP9
. GAS5 is an lncRNA that is downregulated in GC tissues, and ectopic expression of
GAS5 in GC tumors inhibited cell growth and induced
apoptosis both in vitro and in vivo through regulation
[99]
of the expression of E2F1 and P21 in GC cells .
GHET1 physically binds to insulin-like growth factor 2
mRNA binding protein 1 (IGF2BP1), and this process
promotes IGF2BP1 binding to c-Myc mRNA, resulting
in increased stability of c-Myc mRNA and GC cell
[157]
growth
. HULC, an lncRNA that is up-regulated in
GC tissues and cells, is able to reduce cell apoptosis
mainly by activating autophagy in the SGC-7901 cell
[158]
line
. In addition to their role in traditional cancer
growth, lncRNAs are also heavily involved in the
process of drug resistance in GC. The lncRNA PVT1
is not only overexpressed in GC tissues but also in
paclitaxel-resistant SGC7901cells, which indicates
that it has a role in the process of GC cell resistance
[86]
to paclitaxel, which so far is poorly understood . In
the multidrug-resistant GC cell sublines SGC7901/ADR
and SGC7901/VCR, the level of MRUL was increased
significantly. Knockdown of MRUL in these two
multidrug-resistant sublines enhanced their sensitivity
to chemotherapeutic drugs and led to an increased rate
[159]
of apoptosis induced by adriamycin or vincristine
.
AK022798 is another lncRNA involved in the resistance
of GC cells to cisplatin. This lncRNA was induced by
Notch 1 and overexpressed in cisplatin-resistant GC
cell lines. The up-regulated AK022798 enhanced the
expression of multidrug resistance- associated protein
1 (MRP1) and P-glycoprotein, thereby resulting in
a suppression of apoptosis induced by cisplatin and
formation of cisplatin-resistant sublines SGC7901/
DDP and BGC823/DDP. This evidence suggests that
AK022798 plays a significant role in the development
[10]
of tumor drug resistance .
H19 had been demonstrated to play a critical role
in GC function. H19 was found to be overexpressed in
[160]
GC tissues, and it promotes GC cell proliferation
.
Further studies suggest that c-Myc enhances the
expression of H19 in GC cells, which was supported by
a positive correlation between H19 and c-Myc in clinical
[90]
samples . MiR-675 is expressed concurrently with H19
in GC and is a known product of H19. H19/miR-675
promoted significant GC cell growth directly upon
[91]
binding to RUNX1 . However, another mechanism
of H19/miR-675 in promoting carcinogenesis has also
been uncovered. Although H19 acts in a similar manner
to miR-675, it was found that H19 binds to ISM1 and
miR-675 also targets CALN1 in GC cells, indicating that
[25]
H19 has other functions besides generating miR-675 .
In addition to protein interactions, lncRNAs could
also be interacting with miRNAs in GC cells. ANRIL
is up-regulated in GC tissues and its expression is
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correlated with TNM stage and tumor size in clinical
samples. GC cell proliferation was significantly reduced
in vivo and in vitro by reducing ANRIL expression, and
the role of ANRIL in regulating cell growth was shown
to be partially through inhibition of miR-99a/miR-449a
[161]
levels
. TUSC7 suppressed the growth of GC cells
by reducing miR-23b expression, which is a promoter
[94]
of cell proliferation . Conversely, lncRNAs can also
act as targets of some miRNAs. HOTAIR is a target
of miR-331-3p and miR-124 and binds with them
directly in GC cells. Furthermore, HOTAIR can regulate
the expression of HER2 mRNA when induced by miR[89]
331-3p binding similar to a “sponge” . Often the
expression of lncRNAs is regulated by miRNAs, and for
example, AC130710 is a target of miR-129-5p and is
down-regulated via ectopic expression of miR-129-5p
[162]
in GC cells .

Metastasis

MiRNAs as oncogenes: miR-27 promotes GC cell
[163]
metastasis by inducing EMT
. Moreover, single
nucleotide polymorphisms (SNPs) of miRNA genes
lead to functional losses or disorders of the miRNAs
that are generally associated with SNPs. The G/A
polymorphism in the miR-27a gene (rs11671784)
directly decreases miR-27a expression. MiR-27 is
responsible for directly blocking the expression of the
tumor suppressor gene APC, and thus, the loss of its
[164]
function contributes to EMT . MiR-21 is an important
oncogene that is involved in many tumorigenic factors,
including metastasis and invasion, cell cycle, tumor
[165,166]
size, and growth
. MiRNA-21 promotes tumor
[167]
invasion in GC by targeting PTEN
. Furthermore,
high levels of miRNA-21 expression are positively
[168]
correlated with lymph node metastasis in GC
.
MiRNA-21 is highly expressed in GC and is negatively
correlated with PDCD4 expression, suggesting that
PDCD4 is a direct target gene of miRNA-21 that inhibits
cell invasion through targeted inhibition. PTEN is a
well-known tumor suppressor gene that is also shown
[169]
to be a direct target of miRNA-21
. Up-regulation
of the members of miR-106b family (miR-106b,
miR-93, and miR-25) in CD44(+) GC cells reduces
the expression of smad7, an inhibitor of the TGF-β/
Smad signaling pathway. Overexpression of miR106b family miRNAs in CD44(+) GC cells promotes
cancer stem cell-like properties and particularly EMT
characteristics by activating the TGF-β/Smad signaling
[170]
pathway . MiR-210 is often highly overexpressed in
GC and is regulated by HIF-1α. Due to this regulation,
miRNA-210 expression is significantly increased in
hypoxic environments where EMT develops. Unlike
previously mentioned miRNAs, miR210 has been
[171]
associated with H. pylori infection . MiRNA-210 upregulation induces significant migration and invasion
of GC cells. Aside from the above-mentioned miRNAs,
highly homologous miRNAs play a role in GC cell
biology. For example, overexpression of miR-196a/196b enhances GC cell migration and invasion through
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inhibitory oligonucleotides or direct targeting of radixin
[172]
promoters in GC cells . MiR-19a/b is overexpressed
in GC tissues and significantly associates with the
onset of metastasis. Although MXD1 is a direct target
of miR-19a/b, its overexpression reduces both miR[173]
19a/b and c-myc levels
. Moreover, some miRNAs
directly target genes to regulate metastasis and
invasion in GC cells. MiR-214 and miR-21 regulate GC
[79]
cell migration and invasion by targeting PTEN . In
addition, miR-199a-5p acts as an oncogene in GC and
[174]
functions by targeting klotho
. However, these are
far from the only miRNA controllers that are involved in
metastasis and tumor invasion through the regulation
of protein signaling networks in GC cells.
MiRNAs are capable of acting as tumor sup
pressor genes: The miRNA-200 family suppresses
GC cell metastasis by reducing the expression of the
transcription factor Zeb, thereby decreasing E-cadherin
[175,176]
expression and reducing the occurrence of EMT
.
E-cadherin is a direct target of miRNA-9, and in
addition, there are many miRNAs that function by
targeting the EMT transcription factors Snail, Snail2,
Zeb1 and Zeb2, which regulate signaling pathways
controlling tumor metastasis. The tumor suppressor
gene p53 can induce the expression of miR-34a and
miR-192, which inhibit the expression of Snail-1
[177]
and Zeb-2, thus preventing the EMT process
.
MiRNA-1182 targets the open reading frame of hTERT
and serves to lower hTERT expression, inhibiting cell
[178]
migration in GC
. MiRNA-146a inhibits migration
and invasion in GC cells by down-regulating EGFR
[179]
and IRAK gene expression
. In addition to these
functions, miRNA-146a/b down-regulates UHRF1 by
directly targeting its 3’UTR, and this effect in turn
reactivates the slit homologue3, cadherin4, and RUNX3
genes via promoter demethylation. MiRNA-146a/b
plays a key role in regulating the metastatic process
[180]
in GC cells . MiRNA-328-induced down-regulation of
CD44v9 expression occurs in H. pylori-infected gastric
mucosa adjacent to GC tumors, which decreases the
[181]
rate at which stem cells transform into GC cells . In
summary, abnormal expression of miRNA has been
consistently observed in GC tissues. The proteins
shown to be dysregulated in GC are actually being
driven by a massive miRNA expression imbalance,
leading to metastasis and invasion in these tumors.
Dysregulated lncRNA expression: LncRNA HOTAIR
plays a role in metastasis in GC cells. LncRNAs
PCBP-1 and HOTAIR have an inverse relationship
in both expression level and function. PCBP1 has
been confirmed to inhibit GC pathogenesis, and
overexpression of HOTAIR down-regulates PCBP1
protein levels. HOTAIR expressed in xenograft GC
[89,182]
tumors in vivo increases metastasis
. In addition,
HOTAIR is a known target of miR-331-3p and miR-124
and may act as a competitive inhibitor of endogenous
[89]
RNAs . The lncRNA H19 actively binds to ISM1,
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but its expression is positively correlated with that
of H19, leading to miR-675 targeting of CALN1.
While overexpression of H19 directly promotes ISM1
expression and indirectly promotes miR-675 expression
in GC, CALN1 is a target of miR-675. H19 mediates
[25]
this process to promote GC cell metastasis . In
addition, lncRNAs are capable of mediating gene
expression. For example, SNCG up-regulation by
lncRNA AK058003 mediates hypoxia-induced GC cell
metastasis. SNCG and AK058003 expression has been
[183]
shown to be increased by hypoxia
. LncRNA HULC
positively regulates GC cell migration and invasion,
and the deletion of HULC reverses EMT, indicating
[158]
that HULC plays a role in EMT regulation . FENDRR
overexpression suppresses the invasion and metastasis
of GC cells by down-regulating FN1 and MMP2/MMP9
[96]
expression . High linc-UBC1 expression is correlated
with lymph node metastasis, and inhibition of linc[184]
UBC1 suppresses the invasion of GC cells . Silencing
of SDMGC or TRIM16 decreases cell invasion and
migration rates, while up-regulation of SDMGC or
[185]
TRIM16 is able to promote invasion and migration .
Compared with the comprehensive catalogue of
miRNAs uncovered, the majority of lncRNA functions
are unknown and those shown to be functional have
unclear mechanisms. It is understood that a few
lncRNAs can mediate the expression of oncogenes
or tumor suppressor genes, and dysfunction of these
lncRNAs can result in GC cell metastasis and invasion.
Similar to miRNAs, not only can lncRNAs take part in
post-transcriptional regulatory activities by binding to
the mRNA, but they can also regulate mRNAs indirectly
by competitively binding with miRNAs. Currently,
lncRNA research remains a small part of the overall
GC field, however, we think that lncRNAs represent
very important targets for clinical applications in the
treatment of this disorder.

Angiogenesis

Angiogenesis is an important step during the
[186]
development of cancer
. MiRNAs, acting as posttranscriptional regulators, are also involved in
regulating angiogenesis. MiR-874, which is downregulated in human GC, could potentially repress
the expression of STAT3 by directly targeting the 3’
UTR of its mRNA, resulting in a repression of the
STAT3/VEGF-A pathway and significantly inhibiting
[187]
tumor angiogenesis of GC cells . Overexpression of
miR-18a inactivated the mTOR pathway and downregulated HIF1α and VEGF expression in SGC-7901
cells in addition to causing a substantial reduction in
the number of microvessels in an SGC-7901 xenograft
[188]
model
. MiRNA-145 also acts as an inhibitor
of angiogenesis in GC cells, primarily by directly
[189]
binding to 3’UTR of the Ets1 mRNA
. Hypoxia
can induce expression of miRNAs, which may play
a role in promoting angiogenesis. MiR-382, which is
up-regulated by hypoxia, activates the AKT/mTOR
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signaling pathway by directly suppressing PTEN and
therefore induces angiogenesis via VEGF. This evidence
indicates that miR-382 is an angiogenic oncogene
[69]
in GC cells under hypoxic conditions . VEGF-A is
a critical factor in the regulation of angiogenesis, so
miRNAs that can impact VEGF-A expression should
have a function in angiogenesis. For example, miR-126
was found to directly bind to the 3’UTR of VEGF-A
in GC cells and therefore could inhibit angiogenesis
[119]
both in vitro and in vivo . In addition, lncRNAs also
participate in the regulation of tumor angiogenesis. For
example, MALAT1 regulates vascular growth in human
[190]
endothelial cells
, and hepatocellular carcinoma[191]
related MVIH can activate angiogenesis in vivo
.
However, thus far no lncRNAs that have been shown to
impact angiogenic regulation are reported in GC cells
or tissues.

CLINICAL IMPLICATIONS
MiRNAs as biomarkers

MiRNAs have the potential to be biomarkers for swift
GC identification in the clinic. MiRNAs have several large
advantages as biomarkers: they are highly specific,
with each tissue, including tumor tissue, having its own
characteristic miRNA expression profile; miRNAs are
very stable and are resistant to RNAse enzymes and
changes in their physical state (i.e., temperature, pH
and other environmental conditions); miRNAs are easy
to detect, with conventional methods such as RT-PCR
and gene chip analysis. However, miRNAs still have
several major issues that must be addressed before
they can be incorporated as cancer biomarkers: miRNA
analysis cannot function on a small sample size, and
requires a large-scale standardized survey; a reference
range detailing the possible miRNAs active in tumors
must be created; when looking for cancer metastasis,
recurrence and prognosis biomarkers, it is necessary to
continue to follow up with more large scale patient data
to further define the cancer progression; to be used
as biomarkers, detection of peripheral blood miRNAs
requires the establishment of a standardized system
that includes sample collection, preservation and testing
to ensure the accuracy and repeatability of miRNA
detection.
At present, because of the high rate of clinical
GC, many researchers have opted to select patients
with GC to compare their tumor tissues to their own
normal tissue samples using microarray analysis.
These experiments show significant miRNA increases
or decreases in patients with GC. These experiments
can then be used to identify key differences between
cancer and normal tissue biopsy expression, and realtime PCR validation can be used to determine the
accuracy, specificity and sensitivity of those markers.

MiRNAs

Potential biomarkers for GC diagnosis: To detect
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differential expression of the miRNAs in GC tissues,
researchers usually identify patients with GC tissues
and adjacent non-transformed tissues. In addition,
some researchers utilize GC tissues and compare
those samples to normal tissues of other independent
patients. Researchers have found that some patients’
non-transformed tissue samples show increased
expression of miRNAs such as miR-17, miR-106a, and
miR-20a, and others show decreased expression of
other miRNAs such as miR-23a, miR-150, and miR[192]
130a
, indicating a significant difference in miRNA
profiles between non-transformed tissue samples. It
[193]
[194]
is found that miR-30b , miR-148a , miR-143 and
[195]
miR-195
are down-regulated in GC tissues compared
with their matched adjacent non-tumor gastric tissues,
and tend to be down-regulated in many GC cell
lines. MiR-30b has the potential to be a novel tumor
suppressor gene, promoting apoptosis and suppressing
tumor growth by targeting plasminogen activator
inhibitor-1. MiR-148a has an unknown mechanism,
but could regulate several different target genes and
signaling pathways involved in tumor proliferation,
invasion and metastasis. MiR-375 is significantly downregulated in distal gastric adenocarcinoma tissues and
the circulating serum. In addition, this miRNA has been
[196,197]
linked to H. pylori infections
. Studies have found
that the levels of miR-106a and miR-21 are significantly
[195,198]
higher in GC tissues
and are low in gastric
[199]
juice . Accordingly, miR-21 is likely a risk factor that
could be useful for prognosis evaluation, particularly as
[200]
it is also found to be similarly increased in plasma .
Studies have also found that many other miRNAs are
differentially expressed in GC. For example, miR-31
expression is reduced, and miR-421 is overexpressed,
among others. These samples have been collected from
different races and regions, however, the data require
more samples and appropriate statistical treatment
to verify the presence of biomarkers. In addition, upregulation of miR-21 and down-regulation of miR133b are detectable in both gastric and esophageal
[201]
cancers
. However, because the detection of
differential expression in GC tissues is a significantly
invasive procedure for patients, these markers are not
suitable for initial clinical diagnosis.
Clinically, detecting differences in the serum or
plasma of patients is more useful than tissue sample
analysis because blood work is relatively non- invasive
and easy to obtain. With more insight into blood miRNA
expression during GC, it is possible to identify markers
that are not only suitable for diagnosis but also can
guide treatment and prognosis. In serum samples,
miR-233, miR-16, and miR-100 have increased
expression in patients with GC. These markers
correlated significantly with clinical characteristics of
[202]
GC patients, such as their TNM stages . In addition,
plasma miR-222 was significantly up-regulated in
GC patients compared with chronic atrophic gastritis
patients and healthy controls and also correlated with
patients’ clinical stages and lymph node metastasis
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[203]

status
. Some miRNAs that are abnormally
expressed in other tumors have a similar expression
pattern in GC. Circulating miR-18a is one such miRNA,
which shows altered expression in both GC and
[204]
bladder cancer . MiR-let-7 regulation is sabotaged in
[205]
[206]
GC, breast cancer
, oropharyngeal cancer
, and
[207]
lung cancer . These markers represent the potential
for an extensive screening test that may be able to
identify a variety of nascent cancers in patients. In
plasma samples, miR-16-5p and miR-19b-3p are
down-regulated, and can be used to distinguish healthy
patients from GC patients with a variety of different
TNM stages and differentiation grades, including the
[208]
early stages of the cancer
. Several miRNAs found
in serum samples are predictively consistent with GC
standards in the industry, including mic-RNA-421,
which has been shown to have a higher sensitivity and
specificity than carcinoembryonic antigen and cancer
[209,210]
antigen 125 in GC
. In addition to these markers,
certain miRNAs in the blood showed altered levels
unrelated to the presence of cancer, most likely due to
the occurrence of hemolysis in the patient samples.
In addition to the patient’s blood and stomach
tissue, their gastric juice can also be used to detect
increased risk of GC. Samples of gastric juice are
usually collected from normal gastric mucosa, gastritis,
and GC, therefore a wealth of potential biomarkers
await investigation. For example, investigators found
that miR-129-1-3p and miR-129-2-3p are decreased
[211]
in GC
. In addition, miR-21 and miR-106a are
decreased in GC, which also correlates with patients’
TNM stage. High expression of miR-21 and miR-106a
occurs in intestinal GC types compared with diffuse GC
[199]
types . Furthermore, miR-21 and miR-106a are also
up-regulated in gastric carcinoma tissue.
Potential biomarkers of prognosis: In addition to
their potential as diagnostic markers, the expression
levels of specific miRNAs can also be used as
prognostic markers, as several miRNA expression
changes appear to suggest poor prognosis. These
include the down-regulation of miR-451, which is
associated with poor prognosis. Furthermore, the
overexpression of miR-451 increased tumor sensitivity
[212]
to radiotherapy
. MiRNAs can be combined with
other proteins as part of a comprehensive combination
marker. An example of this is miR-200c, which forms
a complex with GDF15 and is indicative of poor
[213]
outcomes in GC patients . Many diagnostic markers
may also have prognostic value; however, significant
work will need to be conducted to confirm their role in
prognosis.
Certain miRNAs act as key regulatory hubs,
controlling a significant portion of the cancer cell’s
signaling network, and the reregulation of any one of
them may be a marker for growth and metastasis.
[214]
MiR-214 is one example of these key miRNAs
.
[123]
Some miRNAs, such as miR-133a
and miR[215]
29c , are known to function as tumor suppressors.
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The expression of these miRNAs was significantly
decreased in GC, and their deregulation was asso
ciated with lymph node metastasis in GC patients.
MiR-133a suppresses TAGLN2 at the transcriptional
and translational levels, while MiR-29c directly targets
ITGB1. Overexpression of miR-133a inhibits cell
growth and invasion and induces cell apoptosis and
cycle arrest through the repression of the TAGLN2
gene, which makes it a candidate as a biomarker or a
therapeutic target. Loss of miR-29c expression is an
early event in the initiation of gastric carcinogenesis,
which makes it attractive as a diagnostic and thera
peutic biomarker for patients with GC. MiR-29c also
plays a role in the efficacy of chemotherapy, and sup
[75]
presses metastasis in GC .
Cancer stem cells are characterized by their strong
tumorigenicity. In GC stem cells that express CD44,
miR-106b expression is increased, activating TGF-β/
Smad signaling in GC cells. This phenomenon leads to
a strong invasion and migration impetus for the stem
cell population. In an miRNA microarray, the miR-106b
family composed of miR-106b, miR-93, and miR-25 is
significantly up-regulated in CD44(+) cells compared
[170]
to CD44(-) cells , which also significantly correlates
with tumor size, borrmann type and TNM stage in GC
[216]
patients .

LncRNAs and prognosis

In addition to miRNAs, lncRNAs can promote tumor
cell expression of CD44, causing those tumor cells
to exhibit stem cell properties. One example is the
lncRNA GAPLINC (gastric adenocarcinoma predictive
[217]
long intergenic noncoding RNA)
. Typically, these
non-coding RNAs promote high tumor aggressiveness,
and lead to a poor prognosis. GAPLINC overexpression
currently defines a subgroup of GC patients with very
poor survival outcomes. Mechanistic investigations
show that GAPLINC regulates CD44 as a molecular
decoy for miR211-3p, an miRNA that targets both
molecules. Another lncRNA, ANRIL, recruits and binds
to PRC2, and is up-regulated in GC tissues. Knockdown
of ANRIL can repress the proliferation of GC cells both
in vitro and in vivo. E2F1 induces ANRIL and ANRILmediated growth promotion by epigenetically silencing
miR-99a/miR-449a. Like GAPLINC, the presence of
[161]
ANRIL indicates a poor prognosis for patients
.
Overexpression of the lncRNA HOTAIR is characteristic
of poor prognosis in GC, and may confer an as of
yet unknown malignant phenotype to tumor cells. It
functions as a competing endogenous RNA to regulate
[89]
HER2 expression by sponging miR-331-3p in GC .
HER (human epidermal growth factor receptor) based
cancers, such as HER2-positive breast cancer and GC,
often show miR-337 and miR-302f overexpression,
[218]
and miR-139 and miR-129 underexpression .
In tumor cells, the regulatory interactions between
lncRNAs, miRNAs and proteins are complicated
and unknown. It is important not just to look at
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statistical markers but also to attempt to identify
the mechanisms by which these molecules interact
with each other to understand the full scope of the
regulatory network altered by tumorigenic mutations.
For now, technology is limited, but it is also important
to obtain more samples for comprehensive studies.

CONCLUSION
Recently, accumulating evidence is revealing that
ncRNAs play a more critical role in cancer than has
been thought for decades. As we have summarized
and discussed in this review, ncRNAs participate
in every stage of cancer, including tumorigenesis,
growth, apoptosis, cell cycle regulation, metastasis,
angiogenesis, and drug resistance. Hundreds of ncRNAs
have been shown to be dysregulated in tissues and cell
lines, often with each sequence functioning as a tumor
promoter or inhibitor. However, the mechanism driving
aberrant expression has been unclear until now. We
described factors that can regulate miRNA expression
in GC, such as H. pylori infection, DNA methylation,
cytokine exposure, and hypoxia. NcRNAs act as key
regulators in cell processes, and their levels vary to
regulate the expression levels of their targets, leading to
normal growth and differentiation. Once cells suffer from
carcinogenic alterations, the regulation of ncRNA levels
become dysregulated, leading to cell survival in cancer
lines. If the process of the cells’ tumorigenesis cannot
be stopped, the gene expression of these malignant
cells will fundamentally change and a new ncRNA profile
will emerge. This new profile often involves the downregulation of anti-tumor ncRNAs and up-regulation of
ncRNAs that promote the survival of malignant cells
and the initial formation of the tumor. However, some
miRNAs that are up-regulated in GC tissues and cells
also act as tumor suppressors. This may be explained
by the presence of a negative feedback loop, such as
the case with miR-146a. It is difficult to explain the
mechanism of ncRNAs in the process of malignant
transformation because it is unclear whether ncRNAs
are a driving force behind the transformation or a result
of it. Regardless of this, the abnormal expression of
ncRNAs indicates a novel method to diagnose cancer,
especially in its early stages. Some ncRNAs are secreted
into blood, gastric juice, or urine and this facilitates
the acquisition of samples for biomarker analysis with
little discomfort to the patient. Some ncRNAs can also
indicate a different prognosis for patients based on their
presence or their expression level in clinical testing. In
addition to use as biomarkers, abnormally expressed
ncRNAs may be potential candidates for cancer therapy.
Moreover, some miRNAs directly target genes to
regulate metastasis and invasion in GC cells. MiR-214
and miR-21 regulate GC cell migration and invasion
by targeting PTEN. MiR-199a-5p acts as an oncogene
in GC and functions by targeting klotho. Some
miRNAs control metastasis and invasion through the
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regulation of signaling networks in GC cells. MiRNAs
regulate gene expression through post-transcriptional
repression and can act to control multiple cellular
pathways. Based on the literature, abnormal ex
pression of miRNA has been observed in GC tissues.
The proteins that are dysregulated due to aberrant
miRNA expression in GC often drive metastasis and
invasion in tumor cells. The ideal time for a tumor to
invade and metastasize is when the original cancer
cells transform into malignancies, as that generally
leads to local invasion and distant metastasis.
During this process, cancer cells often undergo mor
phological changes and reduce their contacts to
the extracellular matrix. The process by which the
cancer cell undergoes metastasis and invasion is very
complex. Between continuous signaling, expression of
transcription factors, the reduction of cell-cell adhesion
proteins such as cadherin, tumor growth, the changing
tumor microenvironment, the tumor stem cells as well
as indirect stimulation, it can often result in multiple
mutant tumor cell genomes that compete and can
accelerate metastasis and invasion of cancer cells. Of
course, cancer cells grown in continuous culture do
not model natural tumors without exposure to the
blood vessels. These vessels function to supply oxygen
to tumor cells that have limited nutritional capability,
leaving hypoxic conditions within the tumor core and
thus promoting tumor cell migration to the blood
vessels and lymphatic areas. During metastasis and
invasion, cells will detect a more suitable location to
grow, although new colonies will often form at the first
viable point rather than at optimal points.
Cisplatin resistance is the most common cause
of treatment failure in GC patients. Many cancer
chemotherapy treatments fail because of drug re
sistance, and miRNAs serve as modulators that can
adjust the sensitivity of cells to drugs. For example,
the miR-223/FBXW7 signaling pathway contributes
[82]
significantly to DDP resistance of GC cells .
From a novel methodology in which the system
is capable of identifying more screening markers and
[219]
more reliable markers
, fourteen total biomarkers
have been found to be associated with GC. Additionally,
three miRNAs (miR-211, let-7b, and miR-708) were
reported for the first time to differentiate patients with
GC and represent possible diagnostic biomarkers for
GC.
Polymorphisms of miRNAs primarily occur via
a change in their precursor molecule. Mutations of
some sites can interfere the expression of mature
miRNAs, which in turn impacts their function and can
macroscopically affect tumor malignancy. Specific
miRNA polymorphism sites can be used as tumor
markers for prognosis. For example, the pri-let-7a-2
rs629367 CC genotype, which may increase the
risk of GC, possibly affects mature let-7a expression
and could therefore serve as a predictive biomarker
[220]
for high risk and poor prognosis of GC
. LncRNAs
are also known for their potential polymorphisms,
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although specific lncRNA polymorphisms are rarely
[221]
studied
. However, research of this type is gaining
[222]
more attention
. These biomarkers are diverse
and complex and could provide the basis for future
individualized treatment of GC.
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Abstract
Loss of muscle mass and function is a common
occurrence in both patients with decompensated
cirrhosis and those undergoing liver transplantation.
Sarcopenia is associated with morbidity and mortality
before and after liver transplantation. The ability of
skeletal muscle mass to recover after transplant is
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questionable, and long term adverse events associated
with persistent sarcopenia have not been well studied.
Limited data is available examining mechanisms by
which decreased muscle mass might develop. It is not
clear which interventions might reduce the prevalence
of sarcopenia and associated health burdens. However,
measures to either decrease portal hypertension or
improve nutrition appear to have benefit. Research on
sarcopenia in the liver transplant setting is hampered
by differing methodology to quantify muscle mass
and varied thresholds determining the presence of
sarcopenia. One area highlighted in this review is the
heterogeneity used when defining sarcopenia. The
health consequences, clinical course and potential
pathophysiologic mechanisms of sarcopenia in the
setting of cirrhosis and liver transplantation are further
discussed.
Key words: Sarcopenia; Liver transplantation; Cirrhosis;
Body composition
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The loss of skeletal muscle mass, termed
sarcopenia, is common in the setting of cirrhosis and
liver transplant. Before liver transplant, it has been
associated with increased morbidity and mortality.
The long term effect of sarcopenia upon morbidity
and mortality after transplant has been less rigorously
studied. Data linking sarcopenia to adverse outcomes
such as diabetes in the non-transplant setting are of
interest especially with the high prevalence of post
transplant metabolic syndrome. Current research on
sarcopenia is limited by heterogeneity in the method
to measure muscle mass and varied definitions of
sarcopenia.
Kallwitz ER. Sarcopenia and liver transplant: The relevance
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INTRODUCTION
Sarcopenia describes an involuntary loss of muscle
[1]
mass and function that is observed with aging and
has been applied to persons with chronic diseases.
In aging populations, loss of muscle mass was found
[2]
to increase the risk of disability . However, the
consequences of sarcopenia are much greater than
a decline in functional ability and include numerous
adverse health manifestations. One such example
is sarcopenic obesity, a condition when compared to
obesity with normal muscle mass was associated with
a higher risk of metabolic syndrome and coronary
[3,4]
artery disease
. Sarcopenia is common in liver
[5-9]
transplant candidates and recipients . Sarcopenia
in the setting of liver transplantation was associated
[10-18]
with worse outcomes, including reduced survival
.
The potential long term consequences of sarcopenia
in the transplant setting, such as the development
of sarcopenic obesity, are not well known. Many
challenges exist in the study of sarcopenia in the
setting of liver transplant and include defining
sarcopenia, understanding mechanisms by which it
develops and formulating preventive and therapeutic
treatment options. The initial sections of this review
describe the difficulty in defining sarcopenia and
the heterogeneity in clinical studies relating to liver
transplantation. Later sections in this review focus
on the health consequences of sarcopenia in the
transplant setting and potential mechanisms by which
sarcopenia might develop.

HETEROGENEITY IN DEFINING
SARCOPENIA IN THE SETTING OF
CIRRHOSIS AND TRANSPLANT
The concept of sarcopenia is straightforward,
representing a threshold of diminished lean body
mass. Although the term sarcopenia is widely used,
methods to assess sarcopenia and the thresholds to
define it differ significantly. A common definition of
sarcopenia is measured muscle mass two standard
deviations below a reference range obtained from a
[2]
young and healthy population . However, measuring
muscle mass alone does not account for the loss
of muscle function that occurs with sarcopenia.
Recognizing this limitation, the Society of Sarcopenia,
Cachexia and Wasting Disorders in 2011 added
a definition of “sarcopenia with limited mobility”.
Sarcopenia with limited mobility was defined as lean
appendicular skeletal mass corrected for height greater
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than 2 standard deviations below the mean of healthy
persons aged 20 to 30 years of the same ethnic group
and walking speed less than 1 meter per second or
total distance walked during a six minute walk test less
[19]
than 400 m . Investigators examining muscle loss in
the setting of cirrhosis and liver transplantation have
used both quantitative and functional measures of
muscle.
Further complicating research on sarcopenia
in the setting of cirrhosis and liver transplantation
are different methods to quantify muscle mass and
muscle function. Some measures of muscle mass only
account for a single anatomic area, such as single
slice imaging or limb anthropometry. Other measures,
including dual x-ray absorptiometry (DXA) and
bioelectrical impedance analysis (BIA) are based on
total body measurements. Often, total body measures
are limited by their ability to measure different body
compartments. Understanding the composition of
these compartments is important as methods often
measure skeletal muscle as a component of one
compartment. For instance, some tests are only able
to distinguish two compartments, fat mass and fat
free mass. In a two compartment model, fat free mass
consists of lean tissue, body water and bone mineral
content. Many measures of body composition make
assumptions on the proportion of total body water
within lean body mass. In cirrhosis, when volume
overload is present, the proportion of total body
water is altered resulting in these methods being less
[20]
accurate . A combination of methods measuring
four compartments is the most accurate means to
measure body composition in cirrhosis with altered
[8,20]
hydration
. These four compartments include
fat mass and three compartments of fat free mass
consisting of total body water (which can be divided
into intracellular and extracellular water), total body
protein and bone mineral content.

IS THERE A “GOLD STANDARD”
MEASURE OF BODY COMPOSITION IN
CIRRHOSIS?
Overall, there is no data to support any singular
measure of body composition as a “gold standard”
in the setting of cirrhosis and liver transplantation.
As noted above, a four compartment model is likely
required to make precise individual measurements
of body composition in the setting of cirrhosis. This
typically entails using combinations of measures,
including a direct measure of total body water. Total
body water can be directly measured by techniques
[8,21]
such as radiolabeled water
. Measuring total body
water is important to account for changes in total
body water that occur with worsening severity of liver
[8]
disease . Early in the course of liver disease, excess
[22]
fluid is mainly extracellular water , which was found
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Table 1 Methods used to define muscle mass or function in cirrhosis
Method

Measurements obtained

Multiple (four)
compartment model

Dual X-ray
Absorptiometry

Cross sectional imaging

Biochemical methods

Bioelectrical impedence
analysis

Anthropometry

Functional Measures

Limitations

Notations

Total body water
Requires combinations of methods (such as
Best model for cirrhosis when fluid overload is
Body fat
water dilution, densitometry)
present
Fat free dry matter (protein)
Bone mineral content
Body fat
Limited ability to differentiate between lean
Peripheral measures of lean tissue are less
Fat free body mass
tissue and body water with excess body water
impacted by ascites[24,26]
Bone mineral content
resulting in overestimation of fat free mass[1]
Ascites, especially more than 4 liters, can
significantly impact truncal measures[26,27]
Estimate skeletal muscle
Can be used to determine differences in
Measurements 5 cm above the level of the 4thvolume
skeletal muscle between groups[31]
5th lumbar vertebra had the highest correlation
Studies use different muscle groups, anatomic
with total body skeletal volume[31]
levels and cutoff values to diagnose sarcopenia
Skeletal muscle mass
Total body protein is a measure of functional
Use calculations based on these methods to
muscle mass and can be done through
quantify muscle mass
techniques such as in vivo neutron activation
analysis
24 h urine creatinine is one method, but is
limited in cirrhosis where renal insufficiency
is common[93]
Fat free mass
Guidelines recommend against routine use of
Segmental BIA was found to have a better
Fat mass
BIA under states of altered hydration[94]
correlation and lower standard error in
estimating body cell mass in the setting of
cirrhosis without ascites but still performs
poorly with ascites present[95]
BIA estimates of total body water were found Phase angle can be used. In a study including
to be accurate in cirrhotic patients without
participants with a wide range in severity
ascites, but performed poorly when ascites
of liver disease, phase angle was positively
was present[23]
correlated with total body protein, muscle mass
and muscle strength[96]
Estimate muscle mass
Edema alters results of anthropometry
Mid arm circumference was found to be one of
overestimating muscle mass[8]
the most accurate anthropometric measures[29]
and was most predictive of clinical outcomes[97]
Measures ability to perform
Common functional measures assess all
Include tests such as submaximal
physical task, for which
systems involved in exercise including
cardiopulmonary fitness tests, six minute walk
muscle function is one
cardiovascular, pulmonary, hematologic,
test, hand grip strength and isokinetic strength
component
neurologic and musculoskeletal[33]
of flexion and extension at different joints
Often simple tests such as hand grip correlate
with measures of skeletal muscle[29]

BIA: Bioelectrical impedance analysis.

to increase in patients with cirrhosis even without
[23]
clinically apparent edema or ascites . Any increase in
total body water can lead to the overestimation of lean
body mass.
Often singular measures are chosen to estimate
skeletal muscle. This is especially relevant when serial
measures are being performed in a cohort. Limitations
to using a singular test must be understood. Those
limitations exist in both the methods of quantifying
muscle and the definitions of sarcopenia. Table 1
highlights methods and limitations in techniques
measuring muscle mass in cirrhosis. DXA and cross
sectional imaging appear to have the most utility
when using a single technique. In the non-transplant
setting, a commonly accepted method to quantify
[2]
sarcopenia is DXA . Many investigators studying liver
transplantation used cross sectional imaging, with the
majority of data derived from this method. These two
methods are discussed in further detail.
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DXA is considered a gold standard examination of
[2,24,25]
body composition in the non-transplant setting
,
however, it is recognized that fluid overload and ascites
can impact the reliability of this technique. DXA can
measure body fat, fat free mass and bone mineral
content. Limitations in the ability to differentiate
between lean tissue and body water are the main
[1]
drawback to this technique as excess body water
may result in the overestimation of fat free mass.
The greatest effect of volume overload and ascites
upon measurements occurred in those made from the
[26-28]
trunk
. This is particularly true when the ascites
[26]
volume was greater than four liters . Peripheral
measures obtained by DXA, which is how sarcopenia
is often quantified, were influenced less by ascites.
Additionally, measurement of peripheral lean tissue
[24,26]
mass was not altered after draining ascites
. In
groups with cirrhosis, DXA was found to be more
than 80% accurate in determining depleted body cell
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[29]

mass . When comparing DXA with anthropometry,
single-frequency BIA, multiple frequency BIA and
whole body gamma counting against gold standard
multi-compartment measures of fat free mass in a
cohort of patients with cirrhosis, DXA was found to
[30]
have the smallest bias .
Cross sectional imaging has been frequently
applied when studying sarcopenia in the setting of
cirrhosis and liver transplantation. This method is
appealing as imaging studies are often done for clinical
indications during the care of patients with cirrhosis or
around the time of liver transplantation. Single slice
imaging was found to correlate highly with whole body
[31]
skeletal muscle (r = 0.924) . However, deviation
in measurements obtained from single slice imaging
compared to whole body imaging make this technique
better for group comparison, as opposed to individual
[31]
characterization, of muscle mass . This method is
additionally limited by the lack of a standardization in
the technique of measuring muscle volume and the
heterogeneity in defining sarcopenia (shown in Table
2). Muscle measurements 5 cm above the level of
th
th
the 4 -5 lumbar vertebra were found to have the
[31]
highest correlation with total body skeletal mass .
Imaging is often done based on clinical indications,
and serial computed tomography measurements may
be influenced by selection bias. A notable advantage
of this method is the ability to measure quantity and
[14]
quality of muscle simultaneously . This can be done
through measuring intramuscular adipose tissue
[32]
content .
Functional measures of muscle are another
common assessment undertaken in cohorts with
cirrhosis. Measures of muscle function often measure
strength of localized muscle groups or overall
performance. One advantage is many of these
measures such as six minute walk testing (SMWT)
or hand grip dynamometry can be done quickly with
little expense in large numbers of patients. The main
disadvantage is many of these tests measure all
systems involved in exercise or movement including
cardiovascular, pulmonary, hematologic, neurologic
[33]
and musculoskeletal . For example, decreased
performance on a submaximal exercise test could
result from hepatopulmonary syndrome, cirrhotic
cardiomyopathy, and sarcopenia simultaneously
present in an individual transplant candidate.

CLINICAL CONSEQUENCES OF
SARCOPENIA IN THE SETTING OF
CIRRHOSIS AND TRANSPLANT
Measured decreases in both muscle mass and
muscle function have been associated with multiple
adverse clinical outcomes as shown in Table 2 and
Table 3. Table 2 highlights the varied definitions of
sarcopenia used in cirrhosis and transplant. Both
tables highlight key outcomes and limitations in the
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study of sarcopenia in cirrhosis and transplant. Studies
[5-9]
[34-37]
of muscle mass
and function
were consistently
found to be decreased in persons with cirrhosis and
post liver transplant when compared to healthy control
populations. When assessed by gender, decreases in
[7]
lean body mass may be more pronounced in men .
[10-18]
Decreased measured skeletal muscle mass
,
[34,36,38]
muscle function
and performance during
[39]
cardiopulmonary testing
all have been associated
with pre- and post-transplant mortality. Decreased
muscle quality, defined as increased intramuscular
adipose tissue, was additionally associated with higher
[14]
post transplant mortality . The effect of diminished
muscle mass and function on survival appears to
be mostly independent of model for end stage liver
[12,40]
disease (MELD) or Child-Pugh classification
.
However, as the severity of liver disease increased,
the effect of sarcopenia on survival might diminish.
For example, one study found sarcopenia was asso
ciated with mortality only when MELD was less than
[12]
15 . Measures of muscle function also capture the
risk of mortality in patients with debility, to which
sarcopenia contributes. Distance ambulated on a six
minute walk test less than 250 m was independently
[34,36]
associated with increased mortality
, and it was
found that wait list survival improved for every
incremental increase of 100 m walked (HR = 0.58,
[34]
95%CI: 0.37-0.93) . Nutrition may be one means
to improve these observed outcomes with sarcopenia.
In patients with pretransplant sarcopenia, nutritional
supplementation, including branched chain amino
acids, provided before and after transplant was found
[11]
to improve post transplant survival .
The loss of muscle mass and muscle function
tends to occur as patients with cirrhosis develop
complications typical of end stage liver disease.
Although associations do not equate causality, many
measures of decreased muscle mass or function were
linked to complications of cirrhosis. Decreased hand
grip strength alone was found to be associated with
complications including ascites, hepatorenal syndrome
[41]
and spontaneous bacterial peritonitis . Another
study found an association between anthropometric
measures of malnutrition with psychomotor assess
[42]
ments of hepatic encephalopathy . However, another
series found no association between body composition
characterized by anthropometry and BIA with hepatic
[43]
encephalopathy . One would predict as the severity
of liver disease increases, the risk of sarcopenia
would also increase, however, the relationship is not
straightforward. Muscle function was found to be
[36]
inversely correlated with Child-Pugh classification
[34]
or MELD score in some studies . However, this
observation is not universal. Other studies found
a minimal or complete absence of an association
between MELD or Child-Pugh classification and muscle
[11,39]
mass or function
. In another series, sarcopenia
increased with Child-Pugh classification, but was
[12]
not correlated with MELD . This difference may be
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Table 2 Measures, definitions and outcomes relating to sarcopenia in the setting of cirrhosis and liver transplant
Study
Selberg et al[96]

Kaido et al[11]

Englesbe et al[15]

Tandon et al[12]

Montano-Loza et al[18]

Hamaguchi et al[14]

Tsien et al[13]

Method

Definitions used/proposed

BIA, phase angle

> 5.4° normal
4.4°-5.4 borderline
< 4.4° abnormal

Outcomes

Notes/Limitations

Phase angle < 5.4°
Phase angle may remain normal
associated with significantly in cases of severe tissue loss when
lower survival
proportional losses of extracellular
mass and body cell mass may occur
BIA, multiphase device
< 90% skeletal muscle mass
Survival was significantly
No data is provided on volume
(InBody 720; BioSpace,
compared to standard or
decreased in recipients with
status, although Child-Pugh
Tokyo, Japan)
body cell mass below 23.0 kg
low skeletal muscle mass or
classification is given
low body cell mass
Percent skeletal muscle
Nutritional supplementation
mass against a standard
with branched chain amino acids
and calculated body cell
improved survival in those with low
mass
skeletal muscle mass
CT, combined area of
Percentile cutoffs for total psoas
Decreased psoas muscle
Retrospective
right and left psoas
area in transplant population
area associated with higher
definitions of sarcopenia were
muscle area at the highest
1910 mm2 50th percentile
risk of mortality
not derived from the control
th
level of the 4 lumbar
1420 mm2 25th percentile
25th percentile HR = 1.88
trauma patients, but were based
vertebra
950 mm2 5th percentile
5th percentile HR = 3.46
on percentiles from the transplant
Control population was
population
248 trauma patients
Included CT scans either 90 d before
or after transplant; majority of scans
were after transplant
CT or MRI, cross
Total L3 skeletal muscle area
Sarcopenia present in 41%
Retrospective
2
2
≤ 52.4 cm /m in males
sectional area of muscle
of wait listed candidates Only study to report use of both MRI
2
2
≤ 38.5 cm /m in females
at 3rd lumbar vertebra
Higher wait-list mortality
and CT
(psoas, paraspinals,
with sarcopenia (HR = 2.36,
transversus abdominis,
95%CI: 1.23-4.53)
rectus abdominis and
Greatest effect was in those
internal and external
with low MELD score
obliques)
CT cross sectional
Total L3 skeletal muscle area
Sarcopenia present in 40%
Prospective data
2
2
≤ 52.4 cm /m in males
area of muscle at 3rd
of cirrhotics
2
2
≤ 38.5 cm /m in females
lumbar vertebra (psoas,
Sarcopenia was
paraspinals, transversus
independent risk factor for
abdominis, rectus
mortality (HR = 2.28, P =
abdominis and internal
0.008)
and external obliques)
One year survival for
Muscle identified by
cirrhosis with sarcopenia
Housfield unit between
was 53% compared to
-29 and + 150
83% in cirrhosis without
sarcopenia
CT, cross sectional psoas
ROC curves selected from
Pretransplant increased
Used umbilical level which can vary
muscle area at level of
study data for best accuracy in
intramuscular adipose
based on body habitus
umbilicus
predicting death
tissue content (OR = 3.898,
Constructed cutoffs based on
Intramuscular fat
Intramuscular adipose tissue
95%CI: 2.025-7.757) and
diseased population
accumulation of
content -0.375 in males and -0.216 decreased psoas muscle
Included intramuscular fat content
multifidus muscle
in females
mass (OR = 3.635, 95%CI:
as a measure of muscle quality
(multifidus muscle
Psoas muscle mass normalized for 1.896-7.174) were associated
Housfield units/
height
with mortality
2
2
≤ 6.868 cm /m in males
subcutaneous fat
2
2
≤ 4.117 cm /m in females
Housfield units)
CT cross sectional at mid Psoas muscle area normalized 5th
Sarcopenia was seen in
Includes serial measures in the same
4th vertebra level
percentile cutoffs
62.3% prior to transplant
patients
2
2
≤ 12.27 cm /m in males less than and increased to 86.8% after
50 yr of age
transplant
Total cross sectional area ≤ 10.12 cm2/m2 in males more
Only 6.1% had reversal
Mean time from transplant to postof psoas, paraspinals and
than 50 yr of age
of sarcopenia after
transplant CT was about one year
abdominal wall muscles ≤ 10.47 cm2/m2 in females less transplant and 75% without
(13.1 ± 8.0 mo)
(rectus abdominis,
than 50 yr of age
pretransplant sarcopenia
oblique and transversus ≤ 10.33 cm2/m2 in females more
developed it after
abdominis) normalized
than 50 yr of age
transplant
to height
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Masuda et al[9]

Reference ranges derived
Total abdominal muscle area
from 109 healthy control normalized 5th percentile cutoffs
2
2
≤ 60.09 cm /m in males less than
subjects undergoing
CT for unspecified
50 yr of age
2
2
≤ 48.97 cm /m in males more
abdominal pain
than 50 yr of age
2
2
≤ 53.43 cm /m in females less
than 50 yr of age
2
2
≤ 41.28 cm /m in females more
than 50 yr of age
Cross sectional CT of
< 800 cm in men
psoas muscle at L3
< 380 cm in women
Calculated area by
multiplying major and
minor axis of psoas (a × b
× ∏)
Compared to a reference
group of healthy donors

Reduction in muscle after
transplant was associated
with new onset diabetes
mellitus

Since follow up scan was done for
indications (ie HCC surveillance,
infection, pain, increased
aminotransferases) the potential for
significant selection bias exists

3 and 5 yr survival with Enteral nutrition given in immediate
sarcopenia was 74.5% and
post operative period appeared
69.7% respectively, without
to decrease risk of sepsis when
sarcopenia was 88.9% and
sarcopenia was present
85.4% respectively (P = 0.02)
Sepsis was seen in 17.7%
with sarcopena, 7.4%
without sarcopenia (P = 0.03)

MELD: Model for end stage liver disease; CT: Computed tomography.

explained by the inclusion of the degree of ascites in
the Child-Pugh classification, a factor which has a large
effect on nutrition.
The presence of sarcopenia predicts more com
plicated hospital stays during the transplant period.
Diminished performance observed during cardio
pulmonary testing was associated with longer intensive
[39]
care unit stays . Decreased hand grip strength and
diminished lean body mass noted on a DXA study were
[44]
also associated with longer intensive care unit stays .
Multiple factors related to sarcopenia may account
for prolonged intensive unit care stays, and includes
respiratory muscle weakness which was observed in
[45]
patients with cirrhosis and high MELD scores . A
higher rate of sepsis was observed in the setting of
[9]
sarcopenia in one series , a complication that could
account for both morbidity and mortality. Nutritional
interventions represent a potential means to mitigate
the effects of sarcopenia upon sepsis. Early after
receiving a live donor liver transplant supplemental
enteral feeding reduced the risk of sepsis in the group
with sarcopenia from 28.2% to 10.5% (P = 0.03) in
[9]
one study .
The consequences of sarcopenia extend beyond
survival and the hospital stay. Skeletal muscle plays a
critical role in insulin sensitivity. In the non-transplant
setting, population based data showed sarcopenia
was associated with insulin resistance and metabolic
[4,46]
syndrome
. The prevalence of the post-transplant
[47-51]
metabolic syndrome ranges from 44%-58%
,
and it is possible that sarcopenia may be a significant
contributing factor. As an example, reduced psoas
muscle area after transplant was associated with a
[13]
3 fold higher risk of developing diabetes mellitus .
The effect of sarcopenia on the health of long term
survivors after liver transplant has not been well
studied.
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CLINICAL COURSE OF SARCOPENIA
AFTER TRANSPLANT
Increased weight and body mass index are commonly
[35]
observed after liver transplantation
with one series
finding the median weight gain at 1 and 3 years was
[52]
5.1 kg and 9.5 kg, respectively . Most weight gain
[53-55]
occurs within the first year after liver transplant
,
and it appears that much of this weight gain is an
increase in fat mass. Longitudinal data differs on
changes in lean body mass after liver transplant with
some series showing continued decreases in lean
[13,56-58]
body mass
, some studies finding increased lean
[59,60]
[61]
body mass
and one without significant change .
Decreased lean mass does not always reach the
threshold of sarcopenia, and one study examined the
rate of sarcopenia before and after transplant. In that
study, the prevalence of sarcopenia, defined by cross
sectional imaging, increased from 62.3% pretransplant
to 86.8% post-transplant roughly one year after
[13]
transplant . Most longitudinal studies have examined
outcomes within the first one to two years after
transplant. Less information is known about changes
long term in body composition. In a group of long term
survivors after liver transplantation, measurements
of body composition in many transplant recipients
[62]
were similar to those seen with sarcopenic obesity .
In another study of long term survivors (> 10 years)
after transplant, body mass index identified 7.3%
as malnourished whereas bioimpedance identified
31.7% as malnourished, highlighting how a gain in fat
mass may result in the under recognition of persistent
[63]
sarcopenia .
Muscle function improves after transplant with
[35,59,60]
increases in maximal oxygen uptake
, distance
[35]
walked during six minute walk testing and isokinetic
[35,59]
joint strength being observed
. Most of these
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Table 3 Methods and outcomes when measuring muscle function in the setting of cirrhosis and liver transplant
Study

Method

Andersen et al[37]

Tarter et al[98]

Beyer et al[35]

Epstein et al[38]

Prentis et al[39]

Carey et al[34]

Alameri et al[36]

Outcomes

Notes/limitations

Isokinetic strength of flexion and
extension of six joints

Upper and lower extremity strength was
Only included patients with alcohol related
decreased in cirrhotics vs controls
cirrhosis
Lower extremity strength was associated with The majority of patients had Child-Pugh A or
lean body mass and mid arm circumference,
B classification
an effect independent of severity of liver
Included 24 cirrhotics and 24 controls
disease, neuropathy, biochemical data and
recent alcohol use
Isokinetic strength measured by Most measures of strength were decreased in Study included 49 with alcoholic cirrhosis, 42
upper and lower extremity peak
cirrhotic patients vs controls
with non-acoholic cirrhosis and 50 controls
force, peak torque, total work
and power
There was no difference in any measure
No patient had consumed alcohol in greater
between those with alcohol vs non-alcohol
than one year prior to testing
related cirrhosis
Maximal oxygen uptake
Maximal oxgen uptake, SMWT and isokinetic Small study with only 17 patients having post
measured on a cycle ergometer
knee strength increased over the first
transplant data and 13 patients completing
SMWT
six months after transplant compared to
both pretransplant and posttransplant
Isokinetic knee flexion and
pretransplant values
assessment of maximal oxygen uptake
extension
No changes were noted between six and 12
Used a supervised exercise program after
mo after transplant
transplant
Symptom limited
When examining patients that went on to
Median MELD at the time of exercise testing
cardiopulmonary testing on a
transplant, a significantly higher proportion
was low (7-12)
cycle ergometer
of patients that died within the first 100
The median time from exercise testing to
post-operative days had a peak oxygen
transplant was long (471 ± 300 d)
consumption < 60% predicted and had
oxygen consumption at the anaerobic
threshold < 50% predicted peak oxygen
consumption
Symptom or exertional limited
Sixty tested patients went on to liver
Mean MELD at transplant was low (< 20)
cardiopulmonary testing on a
transplant with a 10% 90 d mortality
cycle ergometer
Mean aerobic threshold was higher
Compared to above study (Epstein 2004[38]),
in survivors and was only variable in
the authors did not make comparisons to
multivariate analysis that was associated with population based reference values, but used
mortality
ROC curve analysis to define thresholds
associated with outcomes
Optimal anaerobic threshold associated with
survival was > 9 mL/min per kg
Anaerboic threshold > 11 mL/min per kg was
associated with shorter stay in critical care
setting
Six minute walk test
Candidates awaiting liver transplant had
Included patients too ill to walk, and
decreased SMWT distance (369 ± 122 m),
designated zero m for this group
significantly lower than reference values
When controlling for other factors including
age and MELD, SMWT distance was
significantly associated with wait list
mortality (HR = 0.58, 95%CI: 0.37-0.93)
ROC analysis found cut off value of 250 m Designated patients removed from the list as a
having the highest sensitivity and specificity
waitlist death
for mortality
Six minute walk test
Patients with cirrhosis had significantly
Used Child-Pugh to assess severity of liver
diminished SMWT distance (306 ± 111 vs 421
disease, no data on MELD
± 47 m, P < 0.0001)
SMWT was an independent predictor of
survival and was inversely correlated with
Child-Pugh classification
The lowest quartile walked < 250 m

SMWT: Six minute walk test; MELD: Model for end stage liver disease.
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improvements occur early, within the first six months
[35]
after liver transplant . In one series comparing
SMWT at 7 and 14 d after transplant, mean SMWT
[64]
increased nearly 100 m . Such rapid improvement
in functional testing would suggest much of this early
recovery is independent of increases in muscle mass.
In studies measuring skeletal muscle mass and hand
grip strength, hand grip values rapidly improved within
the first 3 mo after transplant whereas skeletal muscle
[58]
remained below pretransplant values .

POTENTIAL MECHANISMS BY WHICH
SARCOPENIA MIGHT DEVELOP AND
PERSIST IN THE SETTING OF LIVER
CIRRHOSIS AND TRANSPLANTATION
There are numerous mechanisms by which sarcopenia
might develop in patients with cirrhosis. Findings of
[65,66]
both increased muscle protein catabolism
and
[67]
decreased muscle protein synthesis
were observed
in cohorts with cirrhosis. Malnutrition is commonly
observed in patients with cirrhosis. Dietary total
caloric intake is often decreased with consumption of
protein, carbohydrate and fat observed to be less than
[68]
healthy controls . Coupled with decreased intake,
increased protein requirements and increased amino
acid catabolism often observed with cirrhosis suggest
inadequate stores of hepatic glycogen which result
[6,69]
in gluconeogenesis from amino acids
. Further
evidence of reduced glycogen stores comes from
observing the rapid development of a catabolic state
[70,71]
after short periods of fasting in cirrhotic patients
.
Poor absorption of nutrients could contribute to
malnutrition. For example, malabsorption of fat was
found to occur in patients with cirrhosis even with
[72]
normal intestinal mucosal function . Benefits of
nutritional supplementation in patients with cirrhosis
highlight the role of malnutrition in the development of
sarcopenia. Night time snacking was found to decrease
skeletal muscle proteolysis, but study results differed
when improvements in skeletal muscle mass were
[73]
examined .
Branched chain amino acids are another means
of supplementation. Activation of the mammalian
target of rapamycin (mTOR)/Akt pathway was found
[74,75]
to result in muscle hypertrophy and regeneration
.
Increased availability of branched chain amino acids,
particularly leucine, were found to stimulate Akt/
[76,77]
mTOR
. In a randomized trial, supplementation of
branched chain amino acids in patients with cirrhosis
was associated with increased triceps skin fold
thickness and decreased mean Child-Pugh scores,
an effect not seen with carbohydrate or other protein
[78]
supplementation . It is not clear if a particular
deficiency in branched chain amino acids exists in
patients with cirrhosis outside of the overall state of
malnourishment observed.
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Portal hypertension was shown to have a sign
ificant role in malnutrition seen with cirrhosis. In
animal models, portal hypertension was found to
[79]
decrease intestinal absorption of carbohydrates .
Ascites is another manifestation of portal hypertension
that contributes to malnutrition and muscle loss.
Measures causing resolution of ascites, such as the
placement of a transjugular intrahepatic portosystemic
shunt, were found to improve body nitrogen mea
sures of malnutrition, but interestingly did not result
[80]
in increased muscle strength . Nutritional suppl
ementation can be another means to combat the
effect of ascites upon muscle mass. Patients with
cirrhosis and refractory ascites were found to have
preserved anthropometric measures of lean body
mass along with improved survival when provided
with parenteral nutrition for 24 h after large volume
paracentesis, an effect not seen with enteral nutri
[81]
tional support .
The etiology of liver disease may also play a role.
[5]
Alcohol abuse can induce both a neuropathy and a
[5,82]
myopathy
. However, the pathophysiology of these
changes in patients with alcohol induced liver disease
is complex. This is illustrated by a study of men with
alcoholism where muscle strength was related to total
lean body mass, but not to the presence of neuropathy
[37]
or the degree of liver disease . Viral hepatitis may
also impact muscle function as non-cirrhotic patients
with either chronic hepatitis B or chronic hepatitis C
found to have decreased SMWT distance compared
[36]
to healthy controls . Reasons for this decreased
performance on the SMWT in those with chronic viral
hepatitis were not examined.
After liver transplantation, immunosuppression
contributes to both ongoing muscle loss and delayed
regeneration. Calcinuerin inhibitors (CNIs), the
mainstay of liver transplant immunosuppression
regimens, have multiple effects on muscle. Intra
cellular calcinuerin activation regulates genes in
volved in skeletal muscle maintenance, growth and
[83]
remodeling . Administration of calcinuerin inhibitors
was found to inhibit skeletal muscle hypertrophy in
animal models after the administration of growth
[84,85]
factors or during periods of increased muscle work
.
CNIs additionally were found to prevent a switch in
[86]
the type of muscle fiber from slow to fast fibers .
Myostatin appears to be one important mediator
between CNI use and sarcopenia. Myostatin inhibits
[87]
muscle growth and regeneration , an effect mediated
[88]
through reduced satellite cell activation . CNI use,
in animal studies, was found to increase myostatin
expression, a growth differentiation factor which
[89]
inhibits muscle growth . Small pilot data in transplant
recipients found increased skeletal muscle myostatin
[13]
expression compared with controls .
Although CNIs are the most commonly used
immunosuppressive agents after transplant, other
agents affect muscle. Inhibitors of mTOR, such as
[75]
rapamycin, were found to block muscle hypertrophy .
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Steroids have long been described to result in myopathy
which is histologically characterized by type Ⅱ muscle
[90]
fiber atrophy . Although not commonly reported, the
anti-metabolite mycophenolate mofetil was implicated
in a case report of a medication induced myopathy
[91]
that reversed with the withdrawal of this agent .
Lifestyle may also play a significant role in the
persistence of sarcopenia after transplantation. Many
[51]
transplant recipients remain sedentary . Even
when enrolled in a study to assess the benefit of
[60]
exercise after transplant, less than half adhered .
However, among those that did adhere with exercise
recommendations, there was a trend toward improved
[60]
body composition . The best type of exercise has
not been defined after transplant. Much focus has
centered on aerobic fitness. In the non-transplant
setting, resistance exercise has been noted to increase
[92]
muscle protein synthesis . Exercise before and after
transplant could offer a means of both prevention and
treatment.
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CONCLUSION
The development of sarcopenia is common in pati
ents with cirrhosis. It is associated with numerous
adverse events including wait list and post-transplant
mortality. A key area in the study of sarcopenia and
cirrhosis is standardization of methods and definitions
of sarcopenia in this setting. Further investigations
should focus on the pathophysiologic basis in which
sarcopenia develops and persists in the setting of
liver disease and liver transplant. Special focus should
be maintained on modifiable risk factors which could
include diet and physical activity interventions. Finally,
more data is needed on the long term effects of
sarcopenia after transplant, especially in light of the
high rate of metabolic syndrome and cardiovascular
events observed in this population.
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Abstract
The use of liver transplantation (LT) as a treatment
for alcoholic liver disease (ALD) has been highly
controversial since the beginning. The ever increasing
shortage of organs has accentuated the low priority
given to patients suffering from ALD, which is con
sidered a “self-inflicted” condition. However, by
improving the long-term survival rates, making them
similar to those from other indications, and recognizing
that alcoholism is a primary disease, ALD has become
one of the most common indications for LT in Europe
and North America, a situation thought unfathomable
thirty years ago. Unfortunately, there are still many
issues with the use of this procedure for ALD. There
are significant relapse rates, and the consequences of
excessive drinking after LT range from asymptomatic
biochemical and histological abnormalities to graft
failure and death. A minimum three-month period of
sobriety is required for an improvement in liver function,
thus making LT unnecessary, and to demonstrate the
patient’s commitment to the project, even though a
longer abstinence period does not guarantee lower
relapse rates after LT. Recent data have shown that LT
is also effective for severe alcoholic hepatitis when the
patient is unresponsive to corticosteroids therapy, with
low relapse rates in highly selected patients, although
these results must be confirmed before LT becomes a
standard procedure in this setting. Finally, LT for ALD
is accompanied by an increased risk of de novo solid
organ cancer, skin cancer, and lymphoproliferative
disorders, which has a large impact on the survival
rates.
Key words: Liver transplantation; Alcoholic liver
disease; Cirrhosis; Alcoholic hepatitis; Survival rates;
Relapse; Six-month rule; Sobriety; Solid organ cancer
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Core tip: Alcoholic liver disease (ALD) has become one
of the leading indications for liver transplantation (LT)
over the last twenty years. In the context of scarcity
of organs, the excellent survival and compliance
rates of LT for ALD make this a favorable procedure.
However, there are considerable relapse rates, which
can have dire consequences, such as graft loss and
death. Other issues have also emerged: increased risk
of malignancy, concomitant hepatitis C virus infection,
and LT for alcoholic hepatitis. This review will first
discuss the highly controversial history of LT for ALD
and then focus on the main questions that remain
unanswered in 2015.
Ursic-Bedoya J, Faure S, Donnadieu-Rigole H, Pageaux GP.
Liver transplantation for alcoholic liver disease: lessons
learned and unresolved issues. World J Gastroenterol 2015;
21(39): 10994-11002 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i39/10994.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i39.10994

INTRODUCTION
Alcohol consumption accounts for 3.8% of global
mortality and 4.6% of disability-adjusted life-years
[1]
(DALYs) lost due to premature death . Among the
various harmful effects of alcohol, alcoholic liver
disease (ALD) induces a wide spectrum of liver
abnormalities, including simple steatosis, alcoholic
hepatitis or steatohepatitis, progressive fibrosis, and
ultimately cirrhosis and/or hepatocellular cancer
[2]
(HCC) . At least 30% of all steatosis cases can be
attributed to alcohol, according to a population-based
[3]
French study . The risk of developing ALD increases
in a dose-dependent manner, is higher among
women, and generally appears after several years of
consumption of > 7-13 beverages per week for women
and 14-27 beverages per week for men, according to
a Danish prospective study including 13285 individuals
[4]
over a 12-year follow-up period .
The current management of alcoholic cirrhosis
comprises abstinence, nutritional therapy rich in
[5]
calories and proteins , and prophylaxis of any
associated complications. Despite this management
strategy, hepatic decompensation, disease progression,
and life-threatening complications (variceal bleeding,
bacterial or fungal infections, hepatic encephalopathy,
and HCC) can occur, and liver transplantation (LT) may
be needed. ALD, alone or in combination with other
liver-related diseases such as hepatitis B or C viruses
and NASH, is one of the most common indications
for LT in Europe (23% of all LT between 1999-2009
were at least partially attributable to alcohol abuse,
according to the European Liver Transplant Registry
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[6]

ELTR ) and North America (24.1% of all procedures in
[7]
[8]
2013 ). Once decried , LT for ALD has now become
an accepted, safe, and common procedure, with
[9]
excellent survival and reasonable relapse rates . It is
at least partially responsible for the decrease seen in
[10,11]
liver-related mortality
.

BRIEF HISTORY AND CONTROVERSY
Before the advent of cyclosporine, the first report of
survival rates from post-LT ALD patients indicated
that the short-term prognosis was poor compared
to other indications. Of the first ten patients who
[12]
received a transplant by Starzl et al , nine did not
survive the first four months. This was probably due
to the selection of critically ill patients who were too
sick for improvement even with the intervention.
In 1983, the National Institutes of Health predicted
that ALD would be a marginal indication for LT. In
[13]
1984, Scharschmidt
reported the experience of
four transplant centers that had performed 540
transplantations in the United States and Western
Europe. The three-year survival rate for the 20
transplant patients after 1980 was 20%; non-alcoholic
cirrhosis had an impressive 42% survival rate. The first
positive data published about the survival rate of ALD
patients after LT, in comparison to other indications,
[14]
came in 1988. Starzl et al reported a 73% one-year
survival rate among 41 patients when cyclosporine
was used as the main immunosuppressive drug. This
was confirmed by numerous European and American
centers in the early nineties, with one-year survival
[15-22]
rates from 66%-96%
.
Since the beginning, the use of LT to treat
alcoholic cirrhosis has been highly controversial.
The naysayers believed that alcohol consumption
had concomitant multisystem organ consequences
that precluded a good result from surgery, relapse
induced redevelopment of the liver disease, and
patients were unlikely to withstand the psychological
issues caused by such a serious operation, resulting
[23,24]
in poor compliance
. Further taking into account
the shortages of available grafts and high cost of
LT, many specialists considered it unacceptable to
“waste” grafts on alcoholics who were responsible for
the harm caused to their liver. This began to change
as alcoholism became accepted as a primary chronic
[25]
disease by the medical community , whereas
[26]
hitherto it was considered a vice .

TIMING OF REFERRAL FOR
TRANSPLANTATION
One of the main issues surrounding LT for ALD is
identifying the ideal time to consider the operation.
The first parameter to consider is the severity of the
disease. The benefit of LT for alcoholic cirrhosis is
limited to patients with advanced decompensation
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[27]

(i.e., a Child-Pugh score of 11-15
or MELD score >
[28]
11 ). A randomized controlled trial conducted at 13
living donor liver transplantation centers in France that
included 120 Child-Pugh stage B patients showed that
immediate listing for LT did not improve the five-year
survival rates, and it increased the risk of extrahepatic
[29]
cancer compared to standard care .
There are few therapeutic options for ALD, and the
[30]
main treatment is complete abstinence . Therefore,
improvement can only be expected in about 66%
of Child-Pugh C patients after the first episode of
decompensation. This improvement concerns hepa
tocellular functions and portal hypertension, and these
improvements should be visible in the first three
[31]
months following the discontinuation of alcohol use .
Whether or not the patient remains in endstage liver disease or has other life-threatening
complications, LT should be encouraged as soon as
possible. This is the natural course in centers that have
a transplantation program, but many reports have
indicated insufficient referrals in centers without LT. In
[32]
1992, Davies et al
reported that only one out of 42
patients with end-stage alcoholic cirrhosis admitted
to a British district general hospital was referred to a
transplant center. One of the explanations for this low
referral rate was that a vast majority of the alcoholic
patients were not abstinent upon admittance, which
was considered a mandatory criterion at the time.
However, there was also a lack of acknowledgment that
LT was a therapeutic option for end-stage liver disease
in general, as attested by the under referrals for other
etiologies. A more recent study in a large Veterans
Affairs medical center in the United States showed
similar results. Only 21% of the 199 patients with
potential indications for LT (according to the American
Association for the Study of Liver Disease guidelines)
were referred for a pre-transplant evaluation. The
determinants associated with a negative mention of
LT were old age, member of a colored population, and
[33]
ALD .
Most transplantation teams require a 6-mo delay
for abstinence. However, the validity of this criterion
in predicting post-transplant relapse and prognosis
has only been suggested and never convincingly
[34-37]
demonstrated
. A more pragmatic attitude is
to refer the patient regardless of their abstinence
and allow the transplant team to judge the need for
transplantation.

PRE-LT ASSESSMENT
Like all other LT candidates, patients suffering from
ALD must undergo a thorough assessment to detect
potential contraindications. Tissues at risk from alcohol
damage, such as the heart, kidneys, immune system,
and central and peripheral nervous system, must be
carefully examined. A retrospective study from the
United Kingdom highlights the importance of the pre[38]
LT evaluation. Anand et al
examined data from
their selection protocol from 1987-1994, where 180
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patients with ALD were referred for LT. Out of the
137 patients with complete information, only 31%
received transplants or were awaiting LT; almost
10% died during the evaluation time period, 14%
were considered too healthy for transplantation, and
5% refused LT. The remaining 40% of patients were
considered too ill, either medically or psychologically
unsuitable for the procedure. Although it has been
shown that de novo cancer mortality increases after
LT in alcoholic patients (as discussed below), there
is a lack of specific studies examining the approach
to improve the detection of patients at risk of
malignancies.

MANAGEMENT OF ALCOHOL ADDICTION
BEFORE LT
Before LT, alcohol abuse and dependence must
be evaluated by an addiction specialist using well[39]
established diagnostic criteria, such as the DSM-IV .
Published data are scarce with regards to addiction
management during the waiting-list period. It is
common practice to ask patients to sign a contract
to remain abstinent and encourage attendance at
support groups such as Alcoholic Anonymous. A
randomized controlled trial conducted by Weinrieb
[40]
et al
in two United States centers compared
Motivational Enhancement Therapy (MET), a positive
reinforcement technique, with referral to local
treatment sources (“treatment as usual”). While the
study revealed that 25% of the patients drank alcohol
before their transplant, MET had little, if any, influence
on this event. By contrast, an Italian single-center
retrospective report emphasized the importance of
having a team of addiction specialists and close followup of the patients on the waiting list. After the creation
of an Alcohol Addiction Unit within the LT center at
the Gemelli Hospital in Rome, post-LT relapse rates
decreased significantly. Follow-up of the patients on
the LT waiting list or those under consideration for
inclusion to the list occurred on a weekly basis during
the first month, every other week during the second
[41]
and third month, and finally every month .

MORTALITY AFTER LT
The graft and patient survival rates of ALD-related LT
have consistently improved over time and are now
at least as good as other LT indications. The latest
reports from large databases such as the ELTR, which
includes data from over 89000 LT, has revealed 1-, 5-,
and 10-year patient survival rates of 86%, 73%, and
[6]
59%, respectively . These rates are similar to those
[42]
seen in the United States
and in exclusive livingdonor liver transplantation (LDLT) in Japan and South
[43,44]
Korea
. However, when the primary indication for
LT is both ALD and chronic HCV infection, the survival
[9,28]
rates decrease significantly
. As of now, it is unclear
whether the latest and highly active antiviral drugs
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Table 1 Summary of the incidence of alcohol relapse after liver transplantation in alcoholic liver disease patients from various
studies since 2000
Number of
patients

Mean
follow-up
(mo)

Definition of relapse

Relapse
rate

Impact on
survival
rate

118
51

53.7 (9-179)
40.1 (0-86)

38 (12-68)

Cuadrado (Spain, 2005[69])
De Gottardi (Switzerland and France, 2007[37])
Karim (Canada, 2010[52])
Dimartini (United States, 2010[66])

54
387
80
265

99.2 (14-155)
61.1 ± 47.5
NA
NA

13%
33%
21%
12%
10%
3%
25.90%
11.90%
10%
48%
28.60%
6.40%
7.40%

NA
NA

68

Faure (France, 2012[70])

206

81.7 (29-135)

Egawa (Japan, 2014[44])

140

43.4 (0.1-163)

Any consumption
Any consumption
Occasional drinking
Heavy drinking
Any consumption
> 60 g/d
Intake > 30 g/d
Intake > 40 g/d
Daily intake or associated with medical harm
Any consumption
Fluctuating low level
Early onset rapidly accelerating moderate use
Steady increase to moderate use after three years
post-LT
Early onset continuously increasing heavy use
Any consumption
Slip
Occasional intake (< 20-30 g/d)
Excessive intake (> 20-30 g/d)
Any consumption

First author (country, yr)

Berlakovich (Austria, 2000[92])
Burra (Italy, 2000[93])

Tomé (Spain, 2002[76])

5.80%
43.70%
7.00%
12.40%
24.30%
22.90%

NA
Yes
No
NA
Yes

Yes

Yes

NA: Not available.

directed against the hepatitis C virus will have any
impact on this situation.
The causes of mortality differ between patients
who receive a transplant for ALD and patients with
other indications. Indeed, cancer (especially of the
aerodigestive tract) and cardiovascular-related deaths
are over-represented in the ALD group, according to
[9,45]
European and United States registries
. These data,
[45,46]
along with other reports
, suggest that smoking
has a direct influence on the mortality of ALD patients
after LT, although this issue has not been extensively
[47]
studied. DiMartini et al
published a prospective
study that included 172 ALD-related LT recipients and
focused on the effect of tobacco consumption after the
procedure. They found that the smoking prevalence
fluctuated from 39%-58% at different time points after
the LT, the amount of daily consumption increased over
time, and patients quickly become nicotine dependent.

Definition

The variability found between reports is, in part,
explained by the definition of relapse used. Indeed,
it is important to differentiate between those patients
who have minor, irregular, and occasional drinks (called
“slips”), those who have a regular but moderate alcohol
intake, and those who return to major and harmful
drinking. In other words, the term relapse, as it relates
[48]
to drinking, can differ from relapse to alcoholism .
Although minor, “controlled” consumption is unlikely to
lead to graft damage, forgoing abstinence, regardless
of the frequency or amount of alcohol consumed, is
usually considered a relapse. This tenet is supported
by a large longitudinal cohort study led by Vaillant who
showed that “controlled” drinking cannot be sustained
for periods longer than three years before returning to
[49]
alcohol abuse, which can harm the liver graft .

Pre-transplant risk factors

RELAPSE
The first team to report a favorable result for alcoholic
patients who underwent an LT was initially optimistic
because of their low relapse rates (i.e., only one out
of 35 patients who lived for six months or longer
[14]
relapsed). Starzl et al referred to LT as “the ultimate
sobering experience”. While the goal is to have a
relapse rate of zero, and reports showing up with up
to 46% of patients returning to some kind of alcohol
consumption after LT, the transplant community has
since been more cautious. Table 1 summarizes the
recent data for relapse rates after LT for ALD patients.
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Numerous reports have tried to predict patients
at risk of relapse, using the pre-transplant patient
characteristics and addiction, psychiatric, medical,
personal, and family history. While some of the data
are contradictory, the following factors have been
identified in patients who relapsed after their LT: <
[34,37]
six months of sobriety pre-LT
; family history of
[50]
alcoholism ; psychiatric comorbidities, including
[37,50,51]
other substance abuse
; diagnosis of alcohol
[51]
[51]
dependence ; prior alcohol rehabilitation ; and
[52]
female gender .
The high risk alcoholism relapse (HRAR) scale is a
clinical score developed to predict the risk of relapse
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[53]

among veterans
according to their daily alcohol
consumption, length of their drinking history, and
previous treatment history. While this scale showed
that the six-month abstinence criterion alone would
penalize a significant number of candidates who had
[54]
a low relapse risk based on their HRAR score , it
proved inefficient, when used by itself, to distinguish
between those who relapsed and those who did not in
[55]
a United States transplant population . In a FrancoSwiss cohort of 387 patients who underwent LT for
alcoholic cirrhosis, a HRAR score > 3 was one of the
three factors associated with a relapse to harmful
drinking (defined by a declared alcoholic consumption
level > 40 g/d and the presence of alcohol-related
damage), along with < six months of abstinence and
presence of psychiatric comorbidities. The absence
of all of these factors resulted in a 5% relapse rate,
which increased to 18%, 64%, and 100% when one,
two, or three factors were identified, respectively. It is
noteworthy to point out that the vast majority (94%)
[37]
of the cohort had less than two risk factors .

Detection

A patient’s reliability regarding their alcohol history
can be problematic, especially before transplantation,
because candor can have negative consequences
on their disease management (e.g., waiting-list
[56]
withdrawal, no re-transplantation). Yates et al
interviewed 50 patients with alcoholic cirrhosis and
compared their results with those from an interview
with an unbiased source who was unaware of the
patient’s alcoholism history. They found a good
correlation between the two versions, concluding that
patients suffering from ALD were reliable. By contrast,
random blood alcohol level tests performed on
patients who were on the waiting-list revealed hidden
[57,58]
consumption in two studies
. After transplantation,
several methods have been tested to identify relapsing
[16,59]
patients, including histological findings
, patient
[17,60]
and entourage interviews
, and blood and/or
[61,62]
[63]
urine analyses
. Our transplant center , like
[64]
others , uses a multi-detection method, combining
clinical, biochemical, urinary and blood alcohol levels,
and histological findings. This seems to be the most
[65]
relevant method to detect alcohol relapse after LT .

Consequences of relapse
[66]

DiMartini et al
prospectively followed 208 patients
who received a LT for ALD and characterized five
different trajectories of behavior towards alcohol
after the surgery. Over half of the patients (54%) did
not consume any alcohol (group 1). Non-abstainers
were divided into four categories: fluctuating low
level of use (group 2, 26%), early moderate use that
diminished over time (group 3, 6%), late moderate
use that increased over time (group 4, 7%), and
early heavy use that increased over time (group 5,
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6%). Five deaths occurred in the study, which were
all attributed to recurrent ALD. Interestingly, these
patients were only from the early relapse groups
(groups 3 and 5). These patients had more biopsydiagnosed steatohepatitis and acute rejection than the
other patients and were more prone to graft failure.
[67]
In another study, Rice et al
showed that continuous
heavy drinking is a risk factor of graft loss.
A relapse to harmful drinking seems to have an
impact on the survival rates when it is assessed ten
[68,69]
[70]
years after the LT
. Interestingly, Faure et al
revealed the negative impact of excessive alcohol
consumption on survival after an LT irrespective of the
primary indication. This emphasizes the importance of
detecting this behavior in every LT recipient.

ALCOHOLIC HEPATITIS
Among all of the complications associated with ALD,
acute alcoholic hepatitis is one of the deadliest. The
standard of care includes 28-d oral steroid therapy for
the severe forms of the disease, which are defined by
[71]
a Maddrey’s discriminant function > 32 . Response
to this therapy is defined by a seven-day Lille score
< 0.45. The six-month mortality is approximately
15% for patients who respond to therapy; it raises
[72]
to over 75% for non-respondents . These patients
were initially excluded from transplantation programs
because their condition implies a lack of abstinence.
Based on pathological analyses of the excised liver,
some reports have suggested a good outcome after
LT; however, these studies did not include pre-LT
histological proof of alcoholic hepatitis, and the patients
were not prioritized according to the severity of their
[73-75]
[76]
disease
, except in one study .
In 2011, a French and Belgian group, led by Ma
[77]
thurin , conducted a trial that included 26 highly select
patients suffering from biopsy-proven severe acute
alcoholic hepatitis without response to corticosteroids
who were listed shortly after the assessment of nonresponse. After receiving an early LT, the patients’
six-month survival increased dramatically to 77%;
the control group had a six-month survival of 30%.
Only three of the patients resumed drinking, and
none experienced graft dysfunction. The inclusion
criteria for the early LT were: severe alcoholic hepatitis
as the first liver-decompensating event, presence
of close supportive family members, absence of
severe coexisting or psychiatric disorders, and pa
tient agreement to adhere to lifelong total alcohol
abstinence. These stringent selection criteria resulted
in less than 2% inclusion of patients in the study.
Despite the new wave of controversy caused by this
[78]
study , many transplant programs decided to accept
[79]
patients for LT under these conditions . A clinical trial
is currently being conducted to confirm the low relapse
[80]
rates observed .
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OTHER PARTICULAR FEATURES OF ALD
PATIENTS AFTER LT
Malignancy risk

It is well established that patients who receive a liver
transplant have a 2-3-fold increased risk of developing
solid organ cancer; this climbs to 10-30-fold for deve
loping post-transplant lymphoproliferative disorders
(PTLD) and skin cancers, when compared to general
[81-84]
population
. Since the 1990’s, several reports have
determined that the risk of malignancy for PTLD and
solid organ cancer was higher among patients who
[45,46,85,86]
received a transplant for ALD
. The survival
rates are heavily impacted by the occurrence of a non[45]
skin malignancy . Upper aerodigestive squamous
and lung carcinomas are overrepresented in the ALD
population after LT, suggesting there is an influence of
tobacco consumption. It is unclear whether a relapse
in harmful drinking also increases the malignancy risk.

Compliance and rejection rates

Thirty years ago, it was commonly believed that ALD
patients would have difficulties following the stringent
restrictions required by the immunosuppressive drugs,
which would cause low compliance and high rejection
rates; however, the situation is more nuanced than this.
Indeed, patient compliance is high overall, similar to
[9,59]
that found for other indications
. Furthermore, data
from the 1990’s, when tacrolimus was not as widely
used as it is now, suggest that ALD patients present
[21,87]
lower rates of acute cellular rejection
. A relapse to
drinking can have two types of consequences for liver
rejection. If the relapse is accompanied by a significant
reduction in the intake of immunosuppressive drugs,
there is an increase in the acute and chronic rejection
[63]
rates . By contrast, a return to drinking without dis
continuation of medication can lead to lower rejection
[88]
rates , probably from the effects of alcohol-related
immunosuppression.

trajectories of depressive symptoms that evolved
within the first year after LT: consistently low de
pression levels (group 1), initial low depression levels
that rose over time (group 2), and high depression
levels at all time points (group 3). Interestingly, the
ten-year survival rates differed significantly between
group 1 (66%) and the other two groups (46%
and 43% for groups 2 and 3, respectively). It is still
unknown whether the type of depression management
employed has an impact because the study was not
designed to address this particular matter.
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Abstract
Growing experience with the liver splitting technique
and favorable results equivalent to those of whole liver
transplant have led to wider application of split liver
transplantation (SLT) for adult and pediatric recipients
in the last decade. Conversely, SLT for two adult
recipients remains a challenging surgical procedure
and outcomes have yet to improve. Differences in
organ shortages together with religious and ethical
issues related to cadaveric organ donation have had
an impact on the worldwide distribution of SLT. Despite
technical refinements and a better understanding of
the complex liver anatomy, SLT remains a technically
and logistically demanding surgical procedure. This
article reviews the surgical and clinical advances in this
field of liver transplantation focusing on the role of SLT
and the issues that may lead a further expansion of
this complex surgical procedure.
Key words: Liver transplantation; Split liver; Segmental
liver; Organ shortage; Graft sharing; Waiting list; In
situ ; Ex vivo ; Allocation policy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The transplantation community has made
numerous efforts to expand the donor pool. While
conventional split liver transplantation in which a child
received the left lateral segment and an adult the right
liver has proved an effective approach to increase
organ availability, current outcomes after split liver
transplantation for two adult recipients are conflicting.
Ongoing surgical refinements and innovations have
been reported and dedicated organ allocation policies
proposed to encourage the more widespread appli
cation of this challenging procedure in the future.
Lauterio A, Di Sandro S, Concone G, De Carlis R, Giacomoni
A, De Carlis L. Current status and perspectives in split liver
transplantation. World J Gastroenterol 2015; 21(39): 11003-11015
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INTRODUCTION
More than a quarter of century since the first cases
were performed, split liver transplantation (SLT)
remains one of the few surgical options to expand the
donor pool in view of the ongoing shortage of organs
and the increasing waiting list mortality rates.
Reduced-size liver transplantation has already been
introduced to address the shortage of small donors,
and surgical reduction of donor livers to treat small
children has been performed successfully in several
[1-3]
centers . This option improved the allocation of livers
without any increase in the organ supply discarding
the removed part of the liver. The year 1988 saw the
clinical application of the split liver procedure and the
first attempts to expand the donor pool.
In February 1988, Pichlmayr’s team in Hannover
demonstrated that one donor liver could be trans
planted in two recipients by splitting the liver along
the umbilical scissure in such a way that the left part
(segments Ⅱ and Ⅲ ) could be transplanted into a
child, and the right part (segments Ⅰ, Ⅳ, Ⅴ to Ⅷ) into
[4]
an adult . In the following months, other authors
reported their initial experiences with this innovative
surgical technique splitting the liver by an ex vivo
dissection of the vascular structures and parenchymal
[5]
transection. Bismuth and colleagues from the Paul
Brousse Hospital, reported an emergency orthotopic
liver transplantation in two adult recipients with
fulminant hepatic failure. Using one liver divided along
the main scissure, they shared the right hemiliver
(segments Ⅴ-Ⅷ) and left hemiliver (segments Ⅱ-Ⅳ)
while the caudate lobe was resected. Both recipients
recovered from coma and regained normal liver
function, however both died within two months after
transplant from causes not specifically related to the
operative technique.
[6]
Emond et al from the Chicago group reported
their preliminary experience with SLT describing a
different splitting procedure with technical details
related to recipient and donor size. Outcomes
demonstrated the feasibility of the procedure high
lighting the advantages of SLT in the pediatric
population and advocating its role in adult recipients.
In the same year, the team at Saint-Luc University
Hospital in Brussels, Belgium described the surgical
technique applied in the first two cases of SLT at their
[7]
Institution . Later, many single-center series of ex
situ SLT were reported from Europe and the United
States reflecting efforts to encourage wider application
[8-15]
of this surgical technique in clinical practice
. These
initial experiences included a high proportion of highrisk patients in both the adult and pediatric recipient
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cohorts especially in the main American series.
Based on the experience gained with living donor
liver transplantation (LDLT), further expansion of
this complex surgical procedure was pioneered by
the Hamburg group in 1996 and by the UCLA group
in 1997. They first reported a detailed description
of the liver splitting procedure in a heart-beating
deceased donor - the so-called “in situ” split liver
technique - instead of the ex vivo procedure, using
the technique described for left lateral live donor liver
[16,17]
procurement
. Both teams claimed the in situ
procedure provides superior results, mainly related to
shorter cold ischemic time (CIT) avoiding prolonged
bench surgery, and long-distance graft sharing
between pediatric and adult liver transplant centers.
The first Asian SLT program started in Taiwan in
1997 after SLT had been performed in the other major
liver transplant centers in the region with expertise in
[18]
LDLT .
Splitting one liver between two adult recipients
was the other goal to achieve to optimize the use
of cadaver donors. After the initial attempts to
transplant two adult recipients with one liver reported
by the Bismuth group, other authors adopted this
[5]
challenging surgical technique . Two new surgical
splitting techniques to transplant two adult recipients
[19]
were proposed by Colledan et al
in 1999 and by
the Hôpital Beaujon group in 2000 with detailed
[20]
descriptions of the two surgical techniques . Other
small series subsequently demonstrated the feasibility
of the procedure, reporting technical refinements and
long-term outcomes after SLT for two adults.
The last decade has seen widespread application
of SLT for adult and pediatric recipients as a result
of the increasing experience of splitting techniques,
and numbers are expected to increase in the near
future. A similar evolution is to be expected in SLT
for two adults especially in high-volume experienced
hepatopancreatobiliary and transplant centers.
This article reviews the current status of SLT
focusing on surgical technique, outcomes, and other
clinical and logistical aspects regarding organ allocation
policy and graft sharing.

TERMINOLOGY AND DEFINITIONS
There are two main types of SLT. The universally
accepted definition of “conventional” split liver divides
the liver to achieve a right extended graft (REG)
(Couinaud segments Ⅰ, Ⅳ-Ⅷ) and a left lateral graft
(LLG) (Couinaud segments Ⅱ and Ⅲ) for one adult
and one pediatric recipient (A/P SLT). The split liver
technique for two adult recipients (A/A SLT) divides
the liver along Cantlie’s line resulting in one right graft
(RG) (Couinaud segments Ⅴ-Ⅷ) and one left graft
(LG) (Couinaud segments Ⅰ -Ⅳ ). Since it was first
introduced, different definitions have been proposed
for this surgical option including true-right/left split and
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[21-24]

full right/full left SLT
.
In addition, two surgical techniques can be applied
to split a liver. The “ex vivo” procedure splits the liver
after a standard multi-organ procurement and the
parenchyma and vessels are dissected on a back table
with the graft in an ice bath. Conversely, when hilar
dissection and parenchymal transection are performed
in a heart-beating deceased donor before procurement
in a manner similar to LDLT, the technique is named “in
situ” split.

SNAPSHOT OF SLT WORLDWIDE
Liver splitting is technically challenging and may
increase morbidity and mortality. Despite the promising
results reported in the last few years, SLT for two
adult recipients has remained relatively uncommon,
and no more than two hundred transplants have been
performed worldwide. Conversely, conventional SLT
has long been an established practice but its worldwide
expansion differs widely.
European centers have been more active than
those in other regions, and alternative procedures
to whole liver transplantation (WLT) have been
increasingly used in recent years: despite differences
across countries in the rate of SLT, about 6% of all
[25]
LT used split liver grafts . Indeed, a 2006 report
by the North Italian Transplant program (NITp) set a
[26]
more than 20% split rate in a five-year period . By
contrast, SLT comprised only about 1% of all LT in the
United States, and only 288 SLT were performed in
adults between 2002 and 2009 despite estimates that
approximately 20% of all deceased donors meet UNOS
[27]
guidelines for split livers . The reasons for such
disparity are probably related to two main challenges
in SLT such as graft allocation and recipient selection.
LT in Latin America is currently performed in 13
countries, and is growing heterogeneously despite a
limited pool of available organs. Transplant programs
from the largest countries of the region have con
tinuously involved LT for almost two decades including
LDLT, and reduced, partial, split, dual graft, and
[28]
domino liver transplantation . According to the
2013 report from the International Registry in Organ
Donation, 35 of the 323 LT performed in Argentina
[29]
were SLT accounting for about 10% .
Different reports from the Arab World have
described a recent evolution in LT to pediatric trans
plantation and split liver techniques, and four split
liver procedures were recently performed in Saudi
[30,31]
Arabia
.
Efforts to explore this surgical technique have
been made in Africa and 14 cases of SLT in pediatric
recipients were recently reported from a South African
[32]
transplant center .
Split liver grafts continue to make a significant
contribution to the total number of LT performed in
Oceania, providing 223 (6%) of 3728 grafts by the end
[33]
of 2013 in adult recipients .
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Despite extensive experience in LDLT and liver
resection, the extreme scarcity of cadaveric liver
donors in Asia adversely affects the expansion of SLT.
Nevertheless, the Taiwan group demonstrated the
feasibility of SLT for two adult recipients in the MELD
[18,34-36]
era performing 21 split liver procedures
.

ANATOMICAL CONSIDERATIONS
«La race humaine veut des idées simples. Or, le réel
est compliqué» - C. Couinaud.
The high incidence of surgical complications could
not only be related to inherent technical failures
but probably to an incomplete understanding of the
segmental surgical anatomy of the liver, namely bile
duct anatomy, the intrahepatic venous drainage,
and the vascularization of segment Ⅳ . Some
peculiar features of liver anatomy require a thorough
understanding to perform split liver procedures.
In general, the left liver shows a more constant
anatomy compared to the complex right lobe.
Therefore, the more you stay on the left, the fewer
the anatomical variations you will encounter. More
than 50 years later, the anatomical studies performed
by Couinaud remain of paramount importance in
[37]
current practice . Regardless of the type of split live
procedure performed, biliary anatomy is one of the
most demanding issues in SLT.
[38]
In 2000, Dr. Emond , one of the pioneers of
SLT, published a comprehensive clinicopathological
study investigating the liver anatomy applied to SLT.
Anatomical data from ex vivo analysis of human liver
casts were correlated to in vivo data from partial liver
transplants performed in their initial experience. Four
specific patterns of left biliary anatomy and three
patterns of left hepatic venous drainage were identified
and described. The study focused on the left biliary
system, identifying a left bile duct plate at the junction
of the ducts from segments Ⅱ and Ⅲ, and specific
anatomical patterns were described. From the study’
s anatomical considerations, when a conventional
split liver procedure is performed, the dissection plane
would have to be maintained one centimeter lateral
to the umbilical fissure in segment Ⅳ to have a 90%
chance of a single duct from segments Ⅱ and Ⅲ .
Surgical considerations on this issue and the need for
two different biliary anastomoses when transplanting
a segment Ⅱ and Ⅲ graft have been reported by other
[17,39]
authors
.
Almost all centers experienced in LDLT have
published benchmark studies investigating the
consequences of venous anatomy for the split liver
[40,41]
surgeon
. Different surgical techniques to assure
optimal venous drainage will be mentioned in another
chapter.
A precise knowledge of segment Ⅳ anatomy is of
paramount importance when approaching split liver
procedures regardless of the type of graft procured
as adult recipients often suffer surgical complications
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related to segment Ⅳ ischemia or impaired vascu
larization and biliary drainage. Many authors involved
in this field of LT have called for special attention to
be paid to the arterial supply to segment Ⅳ especially
when the splitting line runs close to the falciform
ligament removing and impairing all the portal
[27,42]
branches to segment Ⅳ
. Another original article
from the Korean experience describes in detail the
anatomical variations of the origin of the segment
Ⅳ hepatic artery and their surgical implications in
[43]
SLT. As previously reported by Couinaud, Jin et al
highlighted some interesting aspects of hepatic
embryology related to the complex segmental liver
anatomy.

SPLIT PROCEDURE: TECHNICAL
ASPECTS AND SURGICAL REFINEMENTS
Little has changed in the surgical technique adopted
for conventional SLT since the first cases described,
whereas different surgical refinements have been
proposed to the technique first adopted in A/A SLT for
both donor and recipient.
Although many authors advocated leaving the
celiac trunk to the LLG in A/P SLT to give a surgical
advantage to the pediatric population, certain ana
tomical situations in both donor and recipient should
be discussed on a case-by-case basis and the surgical
[9,44,45]
technique adapted accordingly
.
As widely reported in adult LDLT, the venous
outflow of the right graft and the addressing of the
MHV remain controversial in SLT for two adult reci
pients. In recent years, many authors have reported
their experience and proposed different algorithms
based mainly on the dominance of one of the hepatic
veins on imaging studies, graft-to-recipient weight
[46]
ratio (GRWR) and remnant liver volume .
In March 2000, the group from Hôpital Beaujon,
Paris Ⅶ University, Clichy, France described a
modification of the in situ splitting technique consisting
in a transection performed along the main portal
[20]
scissure retaining the MHV with the left graft . In the
[47]
same year, Gundlach et al first described how to split
the vena cava (the so-called “split cava technique”) to
provide an optimal venous drainage of both hemiliver
grafts and to overcome the decision on addressing the
MHV and the vena cava to the left or to the right graft.
In two different donor procedures they performed liver
transection and bile duct division in situ while the vena
cava was divided by a longitudinal transection of the
front and back walls on the back table after division
of the right hepatic artery and right portal vein. The
resulting two grafts, each with a large venous patch
including both the main suprahepatic vein plus all the
additional smaller veins draining directly into the vena
cava were transplanted using the piggy-back technique
[48]
with a side-to-side cavo-colostomy . Although this
surgical refinement should solve the disadvantages of
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both options on where to leave the MHV, the split cava
technique was not widely applied in subsequent years.
[49]
In 2001, Andorno et al
reported the longterm results obtained in the first series of eight adult
patients undergoing A/A SLT. In their initial experience,
no impairment in venous outflow of the right hemiliver
was observed leaving the MHV with the left hemiliver
provided that the entire right accessory inferior hepatic
vein (IHV), with a diameter greater than 5 mm, was
[50]
reconstructed. Similarly, Azoulay et al
described a
split liver graft preparation where the MHV was kept on
the left in continuity with the common trunk of the left
and middle hepatic veins. This was also undertaken by
[51]
[52]
Humar et al
and Zamir et al
while reporting the
first cases performed.
[53,54]
In 2002, Yersiz et al
from Dumont-UCLA
Transplant Center, University of California, Los An
geles described details of two different in situ split
procedures for the creation of split grafts suitable for
two adult recipients. To create a left graft including
segments Ⅱ , Ⅲ , Ⅳ and a right graft including
segments Ⅰ, Ⅴ-Ⅷ, they preserve the common portal
vein and the common hepatic duct with the right graft,
while the celiac axis is preserved with the left graft
in order to maximize the arterial supply to segment
Ⅳ. A common cuff including MHV and the left hepatic
vein (LHV) is divided from the vena cava and retained
with the left graft. The same group also described
a different technique for the creation of a larger left
graft including segment Ⅰ . The right hepatic vein
(RHV) is identified and any accessory IHV larger than
5 mm in diameter is preserved. Before parenchymal
transection, the left bile duct is sharply transected at
the hilar plate. An isolated Pringle maneuver of the
left hilar structures is performed to create a line of
demarcation where the transection line runs along the
main portal fissure. All the major venous branches
draining segments Ⅴ and Ⅷ are preserved for later
perfusion and revascularization. The parenchymal
transaction is completed at the level of the inferior
vena cava (IVC). After cold perfusion, the right portal
vein, and the right hepatic artery (RHA) are divided
just distal to the bifurcation, and the RHV is divided
from the suprahepatic vena cava with a caval patch to
complete the creation of a right segment Ⅴ through
the Ⅷ graft.
[34]
Fan et al
reported the first case of an ex vivo
A/A SLT performed at University of Hong Kong Medical
Centre in 2003. Their technique consisted in a right
lobe including the vena cava and the MHV with
parenchymal transection to the left of the MHV. The
patient transplanted with the left lobe suffered massive
bleeding from the transection surface and congestion
of segment Ⅳ and an arterial-portal regurgitation
in segment Ⅳ , which finally became atrophied. In
this case, the authors raised several concerns on the
venous drainage of segment Ⅳ in the left lobe graft
and segments Ⅴ and Ⅷ in the right lobe graft. This
phenomenon seems to be similar to the remnant liver
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of a living donor who had undergone an extended
[55]
right lobectomy including the MHV . However, the
development of arterial regurgitation and venous
collateral formation may be impaired in SLT due to the
additional preservation-reperfusion injury.
[51,56]
In 2004, Humar et al
modified the splitting
technique previously reported, and advocated several
advantages in preserving the vena cava with the right
graft. Indeed, by preserving the IVC with the right
lobe, all short hepatic veins draining the right lobe are
kept intact, and all the major hepatic tributaries to the
MHV can be reconstructed on the back table improving
the venous outflow, minimizing warm ischemic time
thereby resulting in a less technically demanding and
time-consuming procedure.
[57]
Conversely, in the same year Hwang et al
integrated their surgical knowledge from hundreds of
adult LDLT into the first successful A/A SLT performed
at the Asan Medical Center, Seoul, Korea transplanting
a left lobe (segments Ⅰ to Ⅳ ) with the vena cava,
common bile duct, and celiac trunk. They advocate
thorough planning of the splitting procedure with donor
liver size assessment by CT scan before donor surgery
as one of the essential steps as in LDLT, and hepatic
venous anatomy evaluation especially in routing the
MHV.
[58]
Again in 2004, Broering et al
from the Hamburg
group published a review discussing the anatomical
and technical aspects applied to SLT and summarizing
their experience of both conventional SLT and A/A
SLT. For conventional SLT, they reported different
tips and tricks concerning the anatomic situation
after dissection of the portal branches to segment
Ⅳ , exposure of the left hilar plate behind the left
portal vein, and dissection of the bile duct(s) from
segments Ⅱ and Ⅲ. In A/A SLT, their practice is to
retain the MHV with the left graft and the vena cava
with the right graft as the division of the veins draining
segment Ⅰ lead to uncertain viability of the caudate
lobe that may require resection. Different strategies
to provide optimal venous drainage of both hemiliver
grafts were reported including the cava split and other
venous reconstructions. Lastly, they discussed the
merits of intraoperative cholangiography to identify
anatomical bile duct variations, and to decide whether
to leave the common bile duct to the left or right grafts.
Individual donor arterial anatomy - especially the origin
of the segment Ⅳ artery - should govern the sharing of
the arterial trunk in both conventional and A/A SLT.
A retrospective study of our experience reported
in 2008 pointed out some interesting surgical aspects
[59]
related to our initial series of 16 in situ A/A SLT .
As for living donor liver surgery, the resection line
was defined both by the parenchymal demarcation
obtained after clamping the right hepatic artery and
right portal vein, and by intraoperative ultrasound
assessment of the MHV course leaving the MHV to the
[60]
left graft .
As for LDLT, the inclusion of the MHV with one
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or the other graft remains controversial. In 2005,
[61]
Broering et al first described this challenging surgical
option to optimize the outflow in both the full right and
full left grafts in A/A SLT. They reported the first two
livers split according to this new technique for ex vivo
splitting. After dissection of the hilar structures and
opening the vena cava in the midplane, the MHV was
split in the middle from its orifice in the vena cava.
After completion of the liver parenchyma transection,
the two halves of the MHV were reconstructed using
donor iliac vein patches.
[62]
In 2009, Chakravarty et al
remarked on the
significance of caudate lobe outflow reconstruction
in A/A SLT left lobe recipients as previously reported
[63]
by others in LDLT . They proposed the routine
reconstruction of caudate lobe veins greater than 3
mm in diameter to preserve graft volume and function.
[36]
Recently, Lee et al
from the Taiwan group re
ported some important technical measures applied
to A/A SLT when liver grafts were thick and the IVC
might be compressed after graft implantation. In this
circumstance, the left hemiliver graft (including the
MHV) was turned over and implanted in the right liver
fossa. A longitudinal incision was made on the IVC and
the conference orifice of the middle and left hepatic
veins of the graft was anastomosed directly to the IVC.
[64]
Heaton et al , another pioneer in this field of
liver transplantation, proposed a technical strategy to
expand graft availability by combining the established
techniques of conventional SLT and use of the dual
[65]
graft technique pioneered by Lee et al . He suggests
using two LLS grafts from two conventional split donor
procedures performed simultaneously or by combining
a LLG from a living donor and a conventional split
[64]
liver graft from a deceased donor . The advantages
are significantly lower morbidity and mortality for the
LLS living donor and a satisfactory liver volume for
the adult recipient, improving outcome and reducing
the risk of small-for-size syndrome. This strategy is
technically demanding and requires surgical skills and
significant infrastructure, logistical, and organizational
changes but could lead to a potential increase in the
number of adult transplants in the United Kingdom of
15%-20% per year.
A recently reported creative solution to the organ
shortage is the option of performing sequential or
domino liver transplantation with split livers from
[66-68]
patients with familial amyloidotic polyneuropathy
.
This uncommon surgical procedure had led to three
transplants and represents the maximum example
of organ sharing with a true domino effect: the com
bination of SLT using a cadaveric graft and sequential
transplantation using a living whole liver donor.
Issues related to graft size are of paramount
importance in partial liver transplantation and es
pecially in A/A SLT. Generally speaking, an estimated
GRWR of 0.8% or more is considered a reference in
[69]
adult to adult LDLT . According to recently published
data on a large cohort of A/A SLT from Taiwan, it is
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better to allocate split liver grafts to recipients with
[36]
GRWR greater than 1% .
In the authors’ experience, a comparison of clinical
profiles between recipients of RL grafts and LL grafts
showed that low GRWR was the only significant
difference for the LL graft recipients and the smallfor-size syndrome was common when transplanting
LL graft. Although SLT often lacks the pre-operative
imaging essential for a liver volume estimation due
to logistic and administrative limitations, a precise
estimation of liver mass remains crucial. The same
authors reported a simply and accurate method to
evaluate liver mass using bedside liver ultrasonography
and standard liver volumes as an alternative to
measuring hemiliver graft sizes.

In situ vs ex vivo SLT

SPLITTABLE DONOR

The choice to split a liver in situ or ex vivo deserves
special mention. The advantages of both these
options have been widely discussed over the years
[16,17]
since the introduction of the in situ procedure
.
Data from a national survey published in 2004
demonstrated comparable results for the two different
surgical methods in terms of morbidity and mortality
except for a higher rate of post-operative bleeding
after ex vivo SLT, confirming the feasibility of both
[70]
splitting techniques . A paper published in 2011
[22]
by Vagefi et al
described a large single-center
experience with SLT performed from 1993 to 2010
comparing outcomes of in situ vs ex vivo split liver
grafts emphasizing operative technique and surgical
morbidity. They reported no significant differences
in survival between adult recipients of grafts split ex
vivo vs in situ or complication rates. More recently, the
same authors retrospectively analyzed nine true right/
left ex vivo split liver procedures performed during
the same period and demonstrated that excellent
long-term patient and graft survival can be obtained
[71]
in A/A SLT with the ex vivo option . From a surgical
point of view, the in situ procedure abolishes ex vivo
benching and prolonged ischemia times, allowing a
better definition of the transection plane and providing
two grafts with hemostasis accomplished. In addition,
performing intraoperative ultrasound and vascular
clamping during the parenchymal transection provides
a better evaluation of venous drainage especially for A/
A SLT while vascular and biliary evaluation during the
ex vivo procedure is accomplished using angiography,
cholangiography, or the instillation of dilute methylene
[71]
blue .
[36]
Lee et al
recently described a modified in situ
technique where the liver was split as much as possible
during the donor operation but completed after
perfusion with preservation solution. In the authors’
practice, the bile ducts were divided before cold
perfusion for a better understanding of the correct cut
point while the parenchyma transection was completed
quickly in situ with the liver surrounded by ice after
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procurement of thoracic organs in order to save time
for other organ recovery teams.
However, the in situ procedure requires a longer
operative time that should be expected in the setting
of a multivisceral procurement especially in the
presence of some degree of hemodynamic instability.
The choice of the preferred technique should take
into account the habits and experience of the surgical
team, donor characteristics and logistic considerations,
as well as the allocation policy applied in sharing the
second graft. Indeed, it is the wider application of SLT,
regardless of the technique preferred by the center,
that will result in the largest number of split grafts
benefitting the most recipients.

Which donor livers are splittable? Clearly, the ideal
donor suitable for splitting is young with no history of
liver disease, normal liver enzymes, hemodynamically
stable, and with a short hospital stay. Different criteria
for donor splitting have been proposed in recent
years and vary among countries and transplant
[26,72-75]
centers
. A recently published report from
a specific multicenter SLT program established in
1997 by the NITp listed the following donor eligibility
criteria for the split procedure: age less than 60
years, intensive care unit stays shorter than five
days, low inotropic support (dopamine ≤ 5 μg/kg per
minute, dobutamine ≤ 10 μg/kg per minute, and no
epinephrine or norepinephrine), and near-normal liver
[76]
function tests .
While criteria for a conventional split liver procedure
have been extended in recent years with adjustments
to many parameters such as donor age and organ
quality, donor requirements remain more pronounced
[74]
if an A/A SLT procedure is planned . Although donor
parameters are critical for selecting livers for splitting
procedures, defining absolute contraindications to
splitting is difficult and donors should be evaluated on
a case-by-case basis after in situ evaluation of the liver
by an experienced surgeon.
When splitting a liver for two adult recipients,
other issues play an important role in the decision
whether to split or not to split. The body weight and
clinical status of the potential recipient, as well as the
availability of an experienced surgeon, and a number
of logistical considerations have to be evaluated.
While an in situ conventional split procedure can be
done in any hospital, and no specialized equipment is
required, logistical aspects may play a crucial role in
planning a split procedure to create grafts for two adult
recipients where preoperative imaging evaluation of
the liver anatomy and volume may advance donor-torecipient match and graft allocation. An algorithm for
the “real-time” matching of donors and recipients on
the waiting lists was recently reported in a multicenter
Italian study. The algorithm is based on the GRWR
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and graft sharing considering a liver suitable for an
A/ASLT procedure whenever no pediatric recipients are
[77]
available .

OUTCOMES
The majority of published series have compared the
outcomes of SLT and WLT. We report the outcomes
after split liver transplantation from different series
considering the different type of graft transplanted.
In addition, some special aspects related to the
surgical technique and other important issues such
as allocation policy, donor and recipient selection, and
logistical considerations published in the last ten years
are also discussed.
The results of conventional SLT are equivalent to
those of whole liver transplantation when performed by
experienced groups, and SLT has become a standard
procedure in pediatric liver transplant centers.
In 2006, a matched pair analysis by the Hamburg
group compared long-term results after extended
right SLT and WLT in adults, confirming no differences
[45]
in patient and graft survival rates . These findings
were confirmed in a matched pair analysis by another
[78]
experienced group from Bergamo
and in other
[79,80]
single-center reports
.
Results from another large-volume transplant
center further confirmed equivalent long-term graft
survival rates in both adults and children for segmental
[81]
grafts with those in WLT. Hong et al
from the UCLA
Transplant Center reported a single-center analysis
of 2988 LT performed between August 1993 and May
2006 with a median follow-up of five years. Splitliver grafts included 109 left lateral and 72 extended
right partial livers while 49 left lateral and 41 right
grafts (segments Ⅴ-Ⅷ with MHV inclusion) from living
donors were performed. The ten-year patient survival
rates for WLT, SLT, and LDLT were 72%, 69%, and
83%, respectively (P = 0.11), while graft survival
rates were 62%, 55%, and 65%, respectively (P =
0.088). Comparing outcomes between adults and
children separately by graft types, the adult ten-year
patient survival rate was significantly lower for split
extended right liver graft compared with adult whole
liver and living-donor right liver graft (57% vs 72%
vs 75%, respectively, P = 0.03), while graft survival
for adults was similar for all graft types. Conversely,
in children, the ten-year patient and graft survival
rates were similar for all graft types. Although tenyear graft survival rates after WLT, SLT, and LDLT were
comparable in adults, the patient survival was lower for
split grafts compared with whole grafts when used in
retransplants and critically ill recipients. Interestingly,
the authors proposed an alternative system to allow
optimal use of split grafts in the current MELD system.
In the algorithm proposed, when a donor meets the
[72]
split criteria proposed by Toso et al
and the LLG
is allocated, the REG instead is matched to an ideal
recipient by the splitting transplant center rather than
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through the MELD system. According to the authors,
an organ allocation system with such flexibility would
encourage adult-to-child candidate pairing by the same
transplantation center and allow preoperative surgical
and logistic planning to minimize graft ischemia
duration. This proposal aims to optimize graft-torecipient matching that not only would substantially
reduce the loss of lives on the transplant waiting list
but also improve outcomes after liver transplantation.
[21]
In 2009, Cescon et al
from the University of
Bologna group raised some important considerations
regarding recipient selection (donor/recipient match)
as a critical aspect of SLT in adult recipients especially
in centers implementing a MELD-based allocation
policy. They reported the outcomes of 22 in situ SLT
performed in five years from 2003 comprising both
A/A SLT and conventional SLT (2 RG, 3 LG, 11 ERG, ad
6 LLG) in adult recipients. A flexible donor procedure
was proposed and the choice how to split was related
to donor liver size, and to recipient size and clinical
conditions on the basis of the harvesting surgeon’s
judgment. Recipients with higher MELD scores received
right grafts, while smaller adults with no or mild portal
hypertension were given left grafts. Overall patient and
graft survival rates were 90% and 86% respectively.
Patient survival was 84% in recipients of right grafts
and 100% in recipients of left grafts. Graft survival
was 84% and 89%, respectively. Vascular and biliary
complications occurred in 14% and 4% of cases. The
authors claimed that LLS should not be excluded a
priori for a small adult, and SLT for two adult recipients
can be successfully performed even using left lateral
segments by assigning one graft according to the
MELD score, with a more liberal allocation of the
second graft.
[24]
In 2012, Zambelli et al
reported a retrospective
analysis of an Italian multicenter experience including
long-term results after A/A SLT and graft sharing
between November 1998 and January 2005. Their
data concerned 43 A/A SLT performed by five centers
with more than 60% of grafts shared among centers.
[82]
According to the Clavien classification, 31 (72%) had
complications above grade Ⅱ while three (6.9%) were
retransplanted. Hospital mortality was 23% and sepsis
was the main cause of death. Actuarial survival rates
at one and ten years were 72.1%, 62.6% and 65.1%,
57.9%, respectively for patients and grafts, similar to
those reported for adult LDLT by the European Registry
[83]
over a similar period . The authors emphasized the
importance of their multicenter collaboration especially
in graft sharing in order to overcome organizational
limits and increase the application of this complex
procedure.
Another approach to expand the donor pool has
been the use of donation after circulatory death (DCD)
donors, and these now represent approximately 20
per cent of the cadaveric liver transplant activity in
[84]
[85]
the United Kingdom . Interestingly, Mallik et al
retrospectively compared outcomes after 17 ex vivo
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adult SLT (extended right grafts) from donors after
brain death (DBD) and 32 WLT from “controlled”
donors after DCD (Maastricht category Ⅲ donors)
performed at the Cambridge Transplant Centre
[86]
between January 2004 and December 2010 . No
formal guidelines exist as to which segment the
common hepatic artery and aortic patch are preserved
and this is usually left for discussion between the adult
and pediatric centers.
None of the 32 patients in the DCD cohort suffered
early graft failure, compared with five of 17 in the
ERL-DBD series. Reasons for graft failure were hepatic
artery thrombosis (HAT) in three cases, progressive
cholestasis, and a small-for-size syndrome. In the
DCD group, ischemic cholangiopathy developed in six
patients, resulting in graft failure within the first year
in two, whereas the other recipients remained stable.
The incidence of biliary anastomotic complications
was similar in both groups. Kaplan-Meier survival
analysis confirmed superior graft survival in the DCD
liver group (93% at three years vs 71% in the ERLDBD cohort, P = 0.047), comparable to that of the
remaining 426 whole DBD liver transplants (93% at
three years). Patient survival was similar in all groups.
According to the authors, one of the reasons possibly
related to the poorer outcome in the RL-DBD cohort
was the unavoidable much longer CIT due to the
splitting procedure and the time required to transport
these graft to different centers. As reported elsewhere,
we believe that scrupulous recipient selection and an
aggressive approach to minimize CIT by considering
in situ rather than ex vivo splitting may improve
[87]
outcomes with SLT from DBD donors .
[88]
In 2013, Doyle et al
demonstrated equivalent
outcomes between SLT and WLT reporting the
results from a single center retrospective analysis
investigating 53 recipients receiving SLT out of 1261
(4.2%) transplants performed from 1995 to 2012.
Interestingly, they advocated the use of intraoperative
cholangiography to identify a suitable biliary anatomy
for splitting and described why they commonly leave
the celiac axis with the left lateral segment graft.
Twenty-three adults received split grafts: 18 (78%)
were right trisegment grafts, four (17.4%) were right
lobes, and one (4.3%) was a left lobe. The rates of
patient and graft survival at one, five and ten years
in adult recipients of split grafts were 95.5%, 89.5%,
and 89.5%, respectively. Survival was similar to that
of whole organ recipients (P = 0.15). Thirty children
received split grafts. At one, five and ten years,
pediatric split overall and graft survival rates were
96.7%, 80.0%, 80.0%, and 93.3%, 76.8, and 76.8%,
respectively (P = 0.81). Complications included three
retransplantations (10.0%), five bile leaks (16.7%),
two cases of HAT (6.7%), two bowel perforations
(6.7%), and two bleeds (6.7%). Once again, the
authors concluded calling for collaborative networks
to be established to maximize liver splitting and
consolidate suitable organ allocation.
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[36]

Very recently, Lee et al
from the Taiwan group
examined the outcomes of A/A SLT in the MELD era,
reporting comparable results with those of LDLT even
in patients with high MELD scores. Forty-two patients
who underwent in situ A/A SLT (21 RG and 21 LG)
were compared to 282 adult patients who underwent
LDLT performed in the period between 2003 and 2010.
In a MELD-based allocation policy one of the grafts
was allocated to the first priority patient in the waiting
list with the highest MELD score while the other was
allocated to a size-matched recipient. The MHV was
preserved to the left lobe while the IVC was preserved
to the right lobe. The large tributary veins (> 5 mm in
diameter) of segments Ⅴ and Ⅷ were reconstructed
with venous grafts and drained into the IVC. Among
42 A/A SLT recipients, 24 (57.1%) had MELD scores
higher than 20. The median (interquartile) MELD score
was significantly higher than that for the recipients
with LDLT (P < 0.001). The complication rates for right
or left hemiliver allograft transplantation did not differ (P
= 0.213), nor did the overall survival rate (P = 0.457).
The survival rates for SLT at one, five and ten years
were comparable with those of LDLT (P = 0.489).
These findings were confirmed by the Hannover
group after a case by case evaluation of their series of
cases performed in the MELD era. In the authors large
experience the survival of patients with MELD score
greater than 30 at time of SLT were not worse as
[89]
compared to recipient with a lower MELD .
[90]
Once again, Hashimoto et al
reported favorable
outcomes after A/A SLT when a MELD system
regulates organ allocation. In a 9-years review of their
experience the Cleveland group report outcomes of 25
grafts (10 left lobes and 15 right lobes) transplanted
in adult sized recipients between 2004 and 2012. Split
graft recipients experienced biliary complications more
frequently (32% vs 10.7%, P = 0.01); however, the
5-years graft survival for split grafts was comparable
to WLT (80% vs 81.5%, P = 0.43).
[77]
Aseni et al
compared the outcomes of 64
recipients of A/A SLT prospectively selected using a
computerized algorithm in the NITp over a 12-year
period among seven collaborative centers with WLT
performed in the same period. They described in detail
the value of the algorithm developed for “real-time”
matching of donors and recipients on the waiting lists
on the basis of calculated GRWR and graft sharing
considering a liver suitable for AASLT whenever no
pediatric recipients are available. The retransplantation
rate (9.2%) after A/ASLT was similar to the 10.2% in
the WLT group and to the European and United States
liver retransplantation figures. The one- and fiveyear patient and graft survival rates with A/ASLT were
significantly lower than for the WLT control group.
The five-year graft survival rate of 58.3% for A/A SLT
seems closer to the 56% reported in other high-risk
liver graft recipients using “marginal donors” or “cardiac
[83]
death” donors . According to the type of split liver
graft, five-year survival rates for patients receiving full
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left grafts or full right grafts were 67.2% and 59.3%
for patients and 60.7% and 56.6% for grafts but the
differences were not significant.
One- and five-year survival rates for the 64 AASLT
were 73.2% and 63.3% for patients, and 63.3% and
58.7% for grafts. One- and five-year survival rates
for the 1199 patients who received WLT in the same
period were 87.2% and 83.1% for patients and 85.2%
and 80.4% for grafts. Outcomes were significantly
different, with better survival rates in the WLT group (P
= 0.0003 for patients and P < 0.0001 for grafts).
[91]
Cauley et al
recently aimed to determine the
current risk of graft failure in adult recipients after SLT.
They analyzed data from UNOS concerning 889 split
live grafts performed from 1995 to 2010. Similarly to
previous analyses from the United States, the authors
noted a significantly increased risk of graft failure in
split grafts compared with whole grafts in the preMELD era from 1995 up to March 1, 2002 when the
MELD score was first introduced. Conversely, the
risk of graft failure was similar between SLT and WLT
recipients in the most recent MELD era with a splitliver hazard ratio of 1.10 (P = 0.28) in the MELD era
(2002-2010).
Queen Elizabeth Hospital group from Birmingham,
United Kingdom, first systematically analyzed SLT
outcomes from a technical reconstruction point of view
comparing 171 adult right lobe SLT procedures and
1412 WLT procedures performed between January
[74]
2000 and June 2012 . They described different
vascular and biliary reconstruction options in detail,
analyzing specific surgical complications against
reconstruction techniques. The overall incidence of
vascular and biliary complications in the SLT group was
greater that in the WLT group (P = 0.009 and P = 0.001,
respectively) whereas no survival difference between
the two groups was reported. Overall patient survival
rates at one, three and five years were 83%, 80%,
and 76% for SLT patients and 86%, 81%, and 77% for
WLT patients (0.58). Graft survival was 79% vs 83%,
76% vs 78%, and 72% vs 74% at one, three and five
years for SLT and WLT patients, respectively (P = 0.45).
Their findings indicate that multiple hepatic arteries
supplying a right lobe graft were probably related to a
higher risk of early graft loss from HAT, although any
option of arterial reconstruction using the RHA of the
graft combined with a direct biliary anastomosis may
result in an increased incidence of biliary complications.

Our experience

By the end of 2014, 1763 LT had been performed at
our institution, the Niguarda Hospital Cà Granda, Milan,
including 178 segmental liver grafts. We started to
expand the donor pool using SLT in 1996. Seventy-one
adult recipients underwent conventional A/P SLT and
19 A/A SLT, while since March 2001 (initiation of our
LDLT program) 88 adult LDLT have been performed.
Except for the first four cases of conventional A/P SLT,

WJG|www.wjgnet.com

the splitting procedures were performed in situ. A
detailed description of the surgical technique adopted
at our center, the algorithm applied for donor selection,
and the split-liver allocation policy have been described
elsewhere together with a detailed analysis of
[26,59,77]
morbidity
. Concerning A/A SLT, some technical
adaptations have been implemented thanks to the
growing experience in LDLT and liver surgery such as
the use of different surgical devices for parenchymal
transection, the addition of intraoperative ultrasound
and the mandatory application of a radiological ana
tomical evaluation before donor surgery.
Patient and graft survival rates at one, five and ten
years after conventional A/P SLT were 88.2%, 79.2%,
and 68.8%, and 85%, 77.4%, and 69.3% respectively.
According to the Clavien classification of surgical
complications, 12.7% (9/71) of patients experienced
grade 4a complications leading to retransplantation,
7% (5/71) grade 3b complications, and 2.8% (2/71)
grade 3a complications.
Patient and graft survival rates at one, five and
ten years after A/A SLT were 73.7%, 73.7%, and
67%, and 73.7%, 68%, and 68% respectively. Five
patients (26.3%) experienced grade 5 complications
(one anastomotic bile leak, one HAT, one hepatic
vein thrombosis, and two sepsis) leading to death,
one (5.26%) a grade 4a complication (HAT) leading
to retransplantation, and four (21%) grade 3b
complications with a complete recovery after surgical
treatment. The outcomes of our single-center series
compare favorably with the overall outcomes reported
by others and recently published.

FUTURE PERSPECTIVES
Favorable results with SLT depend not only on the
technical factors described over the years but also
on scrupulous recipient and donor selection, and
dedicated resources. The need to expand the donor
pool has justified perseverance in improving the
surgical technique after the initial experience with the
conventional procedure that led to the current good
results. Transplanting two adult patients with one
cadaveric liver is the ultimate way of meeting the liver
organ shortage without the risks associated with using
a living donor. Although A/A SLT still carries a relatively
high risk of surgical complications and failure, it is
our hope that it will become an established routine
in the future. Past failures will help us to understand
and define the circumstances under which this type of
transplant can be safely performed and how to avoid
some of the more frequent complications unique to
this procedure.
Close cooperation among centers with adequate
experience in split liver techniques is mandatory
and should be encouraged. SLT often lacks the
preoperative imaging essential for a liver mass
estimation and anatomical evaluation. Administrative
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limitations must be overcome to accommodate these
imaging requirements before donor surgery and
organ allocation in order to advance the best graftto-recipient match. Improving allocation policies by
better patient and donor selection plays a crucial role
in SLT, and “ad hoc” algorithms for donor-to-recipient
matching should be developed and widely applied.
Dedicated resources and incentives must be made
available to implement programs and facilitate surgeon
recruitment and training even though current data
do not yet fully justify the investment. In the words
of Professor Henry Bismuth, “the highest risk for a
patient needing a new liver is the risk never to be
transplanted”.
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Abstract
Antibody-mediated rejection (AMR) caused by donorspecific anti-human leukocyte antigen antibodies (DSA)
is widely accepted to be a risk factor for decreased
graft survival after kidney transplantation. This entity
also plays a pathogenic role in other solid organ
transplants as it appears to be an increasingly common
cause of heart graft dysfunction and an emerging issue
in lung transplantation. In contrast, the liver appears
relatively resistant to DSA-mediated injury. This
“immune-tolerance” liver property has been sustained
by a low rate of liver graft loss in patients with
preformed DSA and by the intrinsic liver characteristics
that favor the absorption and elimination of DSA;
however, alloantibody-mediated adverse consequences
are increasingly being recognized, and several cases of
acute AMR after ABO-compatible liver transplant (LT)
have been reported. Furthermore, the availability of
new solid-phase assays, allowing the detection of low
titers of DSA and the refinement of objective diagnostic
criteria for AMR in solid organ transplants and
particularly in LT, have improved the recognition and
management of this entity. A cost-effective strategy of
DSA monitoring, avoidance of class Ⅱ human leukocyte
antigen mismatching, judicious immunosuppression
attached to a higher level of clinical suspicion of AMR,
particularly in cases unresponsive to conventional antirejection therapy, can allow a rational approach to this
threat.
Key words: Donor-specific anti-human leukocyte
antigen antibodies; Liver transplantation; Rejection;
Acute antibody-mediated rejection; C4d; Solid-phase
immunoassays; Human leukocyte antigen single antigen
bead
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The role of donor-specific anti-human leukocyte
antigen antibodies (DSA) in liver transplant (LT) remains
unclear. Alloantibody-mediated adverse consequences
are increasingly being recognized, and several cases of
acute antibody-mediated rejection after ABO-compatible
LT have been reported. There is a need to investigate
and quantify the potential adverse impact of DSA on LT
outcomes. The present review addresses the current
knowledge on this issue.
Cuadrado A, San Segundo D, López-Hoyos M, Crespo J, Fábrega
E. Clinical significance of donor-specific human leukocyte
antigen antibodies in liver transplantation. World J Gastroenterol
2015; 21(39): 11016-11026 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i39/11016.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i39.11016

INTRODUCTION
Although human leukocyte antigen (HLA) antibodies
(Abs) have been more extensively studied in kidney
transplantation, they can be detected after any solid
organ transplantation. As with renal transplantation,
the presence of anti-HLA Abs in heart and lung
[1]
transplants is associated with a worse graft survival .
The impact of donor-specific anti-HLA antibodies (DSA)
on short- and long-term liver transplant (LT) outcome
is not clearly defined. In LT, the presence of preformed
DSA is well recognized, although in most cases, DSA
disappear a few months after liver transplantation.
In the setting of DSA persistence and evidence of
complement activation after LT, no significant clinical
impact in the first year post-transplantation has been
[2]
described ; however, recent reports indicate that
some LT recipients who develop de novo DSA result in
[3-7]
lower graft survival and patient survival . Thus, there
is a need to investigate and quantify the potential
adverse impact of DSA on LT outcomes. The present
review addresses the current knowledge on this issue
with a particular focus on LT.

IMPORTANCE OF ANTIBODYMEDIATED REJECTION IN SOLID ORGAN
TRANSPLANTATION
The detrimental effects of DSA on renal transplantation
[8]
outcomes have been recognized since 1969 , and
since then, strong evidence has indicated longer
kidney allograft survival among patients without DSA.
In this setting, the incidence of hyperacute rejection
caused by pre-existing DSA has been nearly eliminated
by performing a complement-dependent cytotoxic
cross-match prior to kidney transplantation; however,
acute and chronic antibody-mediated rejection (AMR)
plays an increasingly critical role in kidney allograft loss
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and is considered among the most important barrier
[9-14]
that limits long-term outcomes
. In 2003, at the
National Institutes of Health conference, acute AMR in
renal transplantation was defined as an acute rejection
with graft dysfunction, histological evidence of acute
tissue injury and C4d deposition in the presence of
[15]
DSA .
The negative impact of alloantibodies directed
against donor HLA antigens was subsequently widely
demonstrated and accepted not only in kidney but also
in heart transplant, and recent evidence also endorses
[16-24]
this notion in pancreatic and lung transplantation
.
For instance, whereas the incidence and mortality
of cardiac acute cellular rejection (ACR) have de
creased in recent years as a result of advances in
immunosuppression, the incidence of AMR appears
[25]
to be increasing . Furthermore, AMR also seems to
be an increasingly common cause of graft dysfunction
[26,27]
and cardiac allograft vasculopathy
. In fact,
the presence of DSA in these types of solid organ
transplant may contraindicate the transplant due
to the increased risk of acute rejection and lower
[28-30]
graft survival
. Moreover, in these patients the
development of de novo DSA after transplantation
has also been associated with an increased risk of
[22,24,31,32]
rejection and lower survival
. As a consequence
of the above-mentioned problems, different strategiesfrom prevention, DSA monitoring, and selection of
adequate immunosuppressive regimens to therapeutic
approaches-have been adopted to minimize the
deleterious effects of AMR. In the next sections we will
focus on these factors.

ANTIBODY-MEDIATED REJECTION IN
LIVER TRANSPLANTATION
Human liver allografts are highly resistant to acute
AMR from preformed human HLA alloantibodies
[33]
in comparison with kidney allografts . In LT, the
presence of preformed DSA is well recognized, although
in most cases, DSA disappear a few months after
liver transplantation. Several separate mechanisms
in isolation or in combination have been postulated
to explain this state of “immune privilege” in the
[34,35]
LT setting
: (1) the liver secretes soluble HLA
class I molecules that form immune complexes with
alloantibodies, which are then cleared by Kupffer cells;
(2) Kupffer cell phagocytosis of platelet aggregates and
immune-complexes limits complement activation; (3)
the limited distribution of HLA class Ⅱ expression in the
microvasculature; (4) the great liver restorative and
regenerative capacity before any insult, even mediated
by the immune system; and (5) a large endothelial
surface that is capable of absorbing circulating Abs.
For example, in a rat model, DSA are cleared from
the circulation in only 30 min when the serum is
perfused through an extracorporeal liver of donor
[36]
origin . Other possible mechanisms proposed are
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DSA

Hyperacute rejection
Acute antibody-mediated rejection
Early acute “cellular” rejection
Steroid-resistant rejection
Antibody-mediated renal allograft rejection in
simultaneous liver-kidney transplant recipients

Chronic rejection
Idiopathic fibrosis progression
Accelerated fibrosis in hepatitis C virus

De novo autoimmune hepatitis
Anastomotic biliary strictures
Portal venopathy and nodular regenerative hyperplasia

Figure 1 Potential associations of donor-specific human leukocyte
antigen antibodies with outcomes in liver transplant or simultaneous
liver-kidney transplant recipients. No associations have been confirmed in
large randomized controlled trials. Adapted from O'Leary et al[34]. HLA: Human
leukocyte antigen; DSA: Donor-specific anti-HLA antibodies.

related to the particular coagulation state in advanced
liver diseases (the deficit of coagulation factors and
thrombocytopenia-related portal hypertension can help
reduce platelet aggregates and hence the formation
of vascular thrombosis observed in humoral rejection
mediated by DSA) that can facilitate the vascular flow,
the hypocomplementemia of liver cirrhosis, and the dual
hepatic vasculature that facilities improved flow during
injury. This factor may decrease hepatic necrosis from
arterial vasospasm and local intrahepatic coagulation
[34]
that occur as result of DSA .
However, in the last years there have been different
reports that highlight a potential deleterious role
[5,37-53]
of preformed HLA Abs in liver graft survival
.
[40]
Kozlowski et al
found that preformed DSA that
persists after LT was associated with severe early
[54]
rejection. Moreover, Krukemeyer et al
have re
vealed portal infiltration and proliferation of B lym
phocytes (CD20) and plasma cells (CD138) as well
as the expression of the B cell/plasma cell-activating
chemokines MIP-3, CXCL9, CXCL10, CXCL11, and
CXCL12 in acute liver allograft rejection. Recently, O’
[38]
Leary et al
have found AMR to be a contributor to
previously unexplained early liver allograft loss through
the analysis of 60 patients with idiopathic early allograft
loss when strict criteria for AMR diagnosis were fulfilled.
The authors concluded that liver allograft recipients
with preformed DSA with a high mean fluorescence
intensity (MFI) seem to be at risk for clinically
significant allograft injury and possibly for loss from
AMR, often in combination with ACR. In addition, Musat
[39]
et al
demonstrated that DSA is present in up to
75% of patients experiencing rejection, and both DSA
and C4d staining was present in 54% of the patients
diagnosed with ACR, demonstrating a previously
unrecognized humoral component to these rejections.
Furthermore, in this study 70% of the patients with
ductopenia had DSA and 60% of the ductopenia cases
had both circulating DSA in association with diffuse
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portal C4d deposition, supporting a role for AMR
in the pathogenesis of interlobular bile duct injury
[39]
and loss . These results have been corroborated
[31,37,40,51,55-59]
in other studies
. Morphometric studies
have shown that portal tract microvasculature
destruction precedes bile duct loss in the process of
[38,57]
liver allograft rejection
. Thus, the following chain
of events seems to occur: the formation of the DSAHLA complex on endothelial cells of the portal tract
microvasculature triggers complement activation
(evidenced by C4d deposition) and destruction of
the portal microvasculature/capillaries branching off
the communicating artery from which the periductal
[60]
vascular plexus arises , resulting in ischemic bile duct
injury and loss. In fact, the resolution of cholestasis
and ductopenia in association with a reduction of C4d
deposition only after a decrease in circulating DSA
with aggressive therapy specifically directed towards
antibody removal further supports this role.
Certainly, no associations between donorspecific HLA alloantibodies with outcomes in liver
or simultaneous liver-kidney transplant recipients
(SLKT) have been demonstrated in large, randomized
[34]
clinical trials . Nonetheless, a panel of experts
gathered in a recent meeting to discuss the different
aspects regarding the consequences of DSA in liver
transplantation agree that both acute AMR in liver
transplantation recipients and an antibody-mediated
renal allograft rejection observed in SLKT are two
accepted associations on the basis of multiple case[34]
control studies .
Regarding SLKT, “renal allograft protection” by
the liver allograft occurs when the recipient harbors
isolated preformed class Ⅰ DSA in low-to-moderate
[34]
amounts ; however, inferior outcomes have been
demonstrated when preformed high MFI class Ⅱ DSA
[61,62]
is present
. In those cases, both the kidney and
liver allografts are at a risk for rejection, especially
[62,63]
when class Ⅱ DSA persists post-transplantation
.
Patients who undergo SLKT should ideally receive
organs without class Ⅱ antigens against which the
recipient has DSA with an MFI > 5000.
Other potential associations described include the
[64]
following: hyperacute rejection , de novo autoimmune
[65]
[66]
hepatitis , anastomotic biliary strictures , and
[60,67]
idiopathic fibrosis progression
(Figure 1).

DE NOVO DSA IN LIVER
TRANSPLANTATION
The role of de novo DSA after LT remains unclear as
the majority of studies have focused on preformed
DSA. The risk of DSA development increases with
[60]
a low immunosuppression load . Infections and
inflammatory events could alter the expression of
class-Ⅰ and class-Ⅱ antigens and hence contribute
[68-70]
to alloresponse induction and DSA development
.
A recent report demonstrated that 8.1% of a cohort
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Table 1 Association of graft fibrosis and concomitant anti-human leukocyte antigen class Ⅱ donor-specific anti-human leukocyte
antigen antibodies
Ref.

No. of patients Positive for HLA Transplant type
Abs

Miyagawa-Hayashino et al[78]
Salah et al[58]
O´Leary et al[60]
Grabhorn et al[72]
Iacob et al[79]

79
114
507
19
174

32
5
46
16
34

LD
LD
DD
LD + DD
LD + DD

Follow-up.
median (yr)

Time detection
DSA

Method
detection DSA

MFI

11
2
6.4
4.5
ND

After LT
After LT
Pre and after LT
After LT
After LT

SAB
SAB
SAB
SAB
SAB

> 5000
> 5000
> 5000
> 5000
> 5000

HLA: Human leukocyte antigen; DSA: Donor-specific anti-HLA antibodies; SAB: Single-antigen-bead; MFI: Mean fluorescence intensity; LT: Liver transplant.

issues could explain the fibrosis such as subclinical
biliary obstruction or venous flow, recent publications
have confirmed the observations of Miyagawa[58,72,79]
Hayashino (Table 1 and Figure 2)
.

Idiopathic fibrosis progression

Graft injury (normal or mild hepatic profile)

Diffuse portal C4d detectable in the liver graft

MECHANISMS OF ANTIBODY-MEDIATED
REJECTION

Preformed or de novo DSA detectable in circulation after LT

Liver transplant

Time

Graft lost

Figure 2 Idiopathic fibrosis progression. Hypothetical chain of events. DSA:
Donor-specific anti-HLA antibodies; LT: Liver transplant.

of 749 LT recipients developed de novo DSA one year
after transplantation (most of them against HLA-Ⅱ,
[5]
especially HLA-DQ) . De novo DSA resulted in lower
graft and patient survival in a multivariate analysis.
[71]
These findings were confirmed by Fontana et al
Moreover, 75% of the patients who developed de novo
DSA had biliary complications. Furthermore, O’Leary
[49]
et al
have shown the clinical relevance of de novospecific antibodies on rejection and long-term survival.
In addition, a higher rate of the novo DSA, especially
of HLA-class-Ⅱ , in pediatric patients with chronic
[72]
rejection has recently been observed .

IDIOPATHIC FIBROSIS PROGRESSION
Evidence has shown that the humoral alloresponse
may have a role in interstitial fibrosis and tubular
[73]
athropy development after kidney transplantation .
In LT, graft fibrosis is frequently observed in late
biopsies from pediatric patients with a normal or mild
hepatic profile, and the severity of fibrosis correlates
[74-77]
with the timing from LT to biopsy
. Miyagawa[78]
Hayashino et al
are the first to suggest a role of
DSA and the humoral response in long-term fibrosis
in LT. The LT patients with de novo DSA and normal
graft function had a higher grade of fibrosis and
inflammation with a C4d-positive biopsy than patients
free of DSA. Importantly, this study showed an
association between DSA and fibrosis, but the causeeffect was not demonstrated. Although other potential

WJG|www.wjgnet.com

The mechanisms involved in the DSA-mediated graft
damage (inflammation, necrosis and fibrosis) can
[17-19]
be summarized as follows
: (1) the complement
activation by the classical pathway that induces
complex formation of the membrane attack (indirectly
detected using immunohistochemistry for C4d
-a degradation product of C4, present at the site
of complement activation- attached to vascular
endothelium); (2) direct damage to the vascular
endothelial capillaries through the interaction of the
Abs to HLA and non-HLA antigens expressed on their
cell surface; (3) platelet activation and aggregation
causing the release of their granules containing
growth factors, cytokines, chemokines and adhesion
molecules that promote the recruitment and activation
of pro-inflammatory cells; and (4) the DSA facilitate
the activation of pro-inflammatory cells such as
natural killer (NK) cells, macrophages and neutrophils,
which express at their surface the receptor for the
crystallizable fragment (Fc) of immunoglobulin (Figure
3). This cascade of events is morphologically translated
by the observation of platelet aggregates, neutrophil
accumulation, and microangiopathic thrombosis,
causing cell necrosis and early graft failure. Chronic
antibody-mediated rejection is due to repetitive
thrombotic events and inflammatory phenomena
culminating in fibrotic changes. The following path
ological damages have been described after liver tran
splantation: platelet aggregates in the portal and/or
centrilobular areas, neutrophil infiltration, patchy
necrosis and centrilobular hepatocyte ballooning,
cholangiolar proliferation, acute cholangiolitis and cho
[6,50,51,80]
lestasis
.

DIAGNOSIS OF DSA-RELATED AMR
Because of the overwhelming evidence for antibody-
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(a) Stress
Inflammation
Ischemia/Reperfusion injury

FcR

NK cell

Neutrophils
Macrophages
Attraction

Cytokine
release

Cytotoxic
effects
C4d

Anti-HLA
antibodies
(d) HLA-antigen
release

Degradation
Complement
activation

(b) HLA class-Ⅱ
expression

(e) Platelet activation
aggregation

C4a
C3b
C1

Endothelium

C4d
Deposition

Graft
(c) Membrane
Attack
Complex

Figure 3 Mechanisms involved in humoral graft damage. Early post transplantation after ischemia/reperfusion injury (a) the endothelium can release several
chemokines and cytokines to gather innate immune cells as neutrophils, macrophages. In this inflammatory setting, the graft endothelium could be activated and
expressed human leukocyte antigen (HLA) class-Ⅱ antigens (b), subsequently, these antigens could be recognized by anti-HLA class-Ⅱ antibodies. If the antibodies
are able to fix complement factors could trigger classical complement pathway that finally induce the membrane attack complex (c) on targeted endothelial cells.
During complement activation, C4a component is degraded in C4d and finally deposited on capillaries. After destruction of endothelial cells, the HLA class-Ⅱ
molecules could be released and directly detected by circulating anti-HLA antibodies that once recognized by FC receptors on NK cells could direct cytotoxic actions
and cytokine production. Another potential mechanism of humoral graft damage could be driven by platelet activation and thrombi formation (e).

Table 2 Diagnostic criteria of acute antibody-mediated
rejection in liver transplantation
The presence of DSA in serum
Histopathologic evidence of diffuse microvascular endothelial cell
injury and microvasculitis
Strong and diffuse C4d positivity in tissue1
Reasonable exclusion of other causes of injury that might result in
similar findings
1

Diffuse portal microvascular positivity in formalin-fixed, paraffinembedded samples (although detection of C4d is more sensitive in fresh
tissue) is emerging as most strongly correlated with donor-specific antiHLA antibodies-induced injury. DSA: Donor-specific anti-HLA antibodies.

mediated injury to kidney allografts, a consensus
conference was held in 2003 to define the diagnostic
criteria for antibody-mediated rejection in solid
[15]
organ transplantation . This group developed
diagnostic criteria for AMR after kidney, heart or lung
transplantation. Accordingly, the diagnosis of AMR
requires clinical evidence of graft dysfunction, histologic
evidence of tissue injury, immunopathologic evidence
of an antibody response [complement component 4d
(C4d) or immunoglobulin deposition] and serologic
evidence of anti-HLA or anti-donor antibody at the
time of biopsy.
In the setting of liver transplantation there are
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stringent criteria for the diagnosis of acute AMR that
[34,38]
include the following (Table 2)
: (1) the presence
of DSA in the serum; (2) histopathologic evidence
of diffuse microvascular endothelial cell injury and
microvasculitis; (3) strong and diffuse C4d positivity
in the tissue; and (4) reasonable exclusion of other
causes of injury that might result in similar findings.
Pre-transplantation cross-matching of the recipient’s
serum and the donor’s lymphocytes has become a
requirement of kidney transplant programs throughout
the world on the basis of the known deleterious
effects on kidney allografts of antibody-mediated
[81]
graft injury . In the setting of LT, there is a need to
develop a cost-effective DSA monitoring algorithm,
but a panel of experts has recently recommended a
DSA monitoring schedule that includes testing all liver
allograft recipients in the pre-transplant setting and,
afterwards retesting all positive patients 1-2 wk post[34]
transplantation to determine persistence . There have
been notable technological advances in the available
assays to determine DSA. Earlier cell-based assays for
DSA detection (i.e., cytotoxic crossmatch) had several
limitations in terms of sensitivity and specificity and
the ability to differentiate between IgG from IgM Abs
and between HLA from non-HLA Abs. Flow cytometry
cross-matching is another cell-based assay that relies
on the detection of Abs binding to the surface of donor
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lymphocytes and is more sensitive than cytotoxic
crossmatch. The first solid-phase immunoassay
(SPI) used to test anti-HLA Abs was based on an
enzyme-linked immune assay (ELISA), but recently
SPI is being replaced by single-antigen-bead (SAB)
TM
assays. Acquired by Luminex , this technology offers
a new approach in the detection and quantification
of post-transplantation anti-HLA Abs, which can be
present in any solid transplant. This immunoassay
allows the detection of low titters of HLA Abs that
were undetectable by former assays, specifically and
[23,34,81]
semiquantitatively
. The fluorescence signals
detected are expressed as MFI or molecules of
equivalent soluble fluorochrome (MESF). The isolated
finding of HLA DSA is not specific for AMR because
it has been found in 60% of LT recipients without
[37]
rejection . Certainly, most patients with preformed
low-to-moderate levels of isolated class Ⅰ DSA in the
absence of recurrent liver disease appear to have few,
if any, short- or long-term consequences. Moreover,
the significance of DSA late after liver transplantation
[34]
without allograft dysfunction is uncertain . As an
isolated finding it does not represent an indication for
intervention, although the long-term outcomes of such
patients are thus far unknown.
C4d is a component of the complement cascade
that is considered a marker of complement regulation.
The complement system is a part of the innate
immunological response and becomes activated in a
variety of immunological events, such as ACR and viral
[82,83]
and autoimmune hepatitis
. Different C4d staining
patterns have been described in liver allografts. Even
diffuse endothelial and sinusoidal C4d staining alone
cannot be considered specific for the diagnosis of
AMR as it has been found in AMR and other common
allograft disorders such as ACR, chronic rejection,
biliary obstruction and recurrent viral or autoimmune
[50,84]
hepatitis
. Although there is no consensus, the
diffuse portal microvascular positivity in formalinfixed, paraffin-embedded samples (although detection
of C4d is more sensitive in fresh tissue) is emerging
to be most strongly correlated with DSA-induced
[38-40,50,52,85]
injury
. Otherwise, C4d-negative AMR has
been identified in renal allografts and likely occurs in
the liver, although experts favor the above described
conservative approach until more is learned about liver
[20,38]
AMR
.
Finally, the clinical presentation of liver allograft
AMR is nonspecific, and many etiologies, such as ACR,
ischemic injury, pharmacological toxicity, infections,
initial graft dysfunction, hepatic artery thrombosis,
biliary complications, and disease recurrence, can
explain increases in aspartate aminotransferase (AST),
[59,86,87]
alanine aminotransferase (ALT), and cholestasis
.
AMR should be considered as part of the differential
diagnosis if DSA are present. These observations have
prompted the design of a multicenter study of specific
features that could be used to screen patients for
[88]
acute AMR via routine HE staining .
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WHEN MUST AMR BE SUSPECTED?
Acute AMR occurs most commonly during the first
several weeks after liver transplantation and consists
of an otherwise unexplained liver allograft dysfunction
associated with falling platelets and complement levels
and increased levels of circulating immune complexes
[67]
in patients with preformed, persistent DSA . The
liver biopsy shows microvascular injury in addition to
other characteristics associated with allograft rejection,
which is observed in approximately 1% of all early (<
90 d) liver allograft failures. Notwithstanding, acute
AMR could explain up to 10% of idiopathic early liver
[38]
allograft failures in DSA-positive patients .
Therefore, a high suspicion of DSA-induced AMR
would theoretically be raised for a liver recipient with
high titers of preformed anti-donor HLA class Ⅱ Abs
who presents graft dysfunction in the early posttransplant period (first 90 d) that is otherwise not
explained and is associated with falling platelets and
complement levels and increased levels of circulating
immune complexes. Furthermore, a negative res
ponse to conventional antirejection therapy is also
[89]
associated . SLKT recipients who receive crossmatchpositive organs are also the patients in which a high
level of alert must be maintained, especially when
[62,63]
the recipient has DSA with an MFI > 5000
;
however, as stated above, there are other possible
clinical presentations where DSA can play a pathogenic
effect and thus could indicate the use of a diagnostic
approach (i.e., DSA assay, liver biopsy, etc.).

RISK FACTORS FOR DSA-RELATED AMR
IN LIVER TRANSPLANT RECIPIENTS
Together with class Ⅱ HLA mismatching and prior
cellular rejection, inadequate immunosuppression
(particularly minimization and non-adherence to
immunosuppressive medication) is a risk factor for the
[23]
development of DSA .
Recognized risk factors favoring DSA-mediated
liver damage were identified before the use of SAB
technology allowed more accurate DSA determinations
and included high-titer preformed Abs, the per
sistence of anti-donor Abs after transplantation, and
otherwise unexplained thrombocytopenia and hypo
[38,51,65,90-92]
complementemia
. Thereafter, adverse
outcomes have been associated with strongly positive
flow cytometry cross-matches versus weakly positive
cross-matches and strong preformed DSA evaluated
for their complement fixing ability with a complement
[86]
component 1q (C1q) assay . C1q-binding DSA are
expected to have the potential to assess cytotoxicity
and have been associated with a greater risk of acute
rejection and allograft lost in patients undergoing renal
[93-95]
and heart transplantation
. Thus, in a recently
proposed algorithm, a patient with strong DSA and
C1q-positive DSA is considered at a higher risk and
[59]
should be monitored for post-transplant DSA . If
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persistent DSA are detected, the patient is monitored
as being at a higher risk for AMR.
Furthermore, the effects of DSA can vary depending
on cofactors, some of which may promote immune
stimulatory/profibrogenic effects and some of which
[34]
could promote tolerogenic effects . Thus, on the one
hand, the up-regulation of DSA targets in allografts
of patients with infections or inflammatory-mediated
[68-70]
tissue damage
as occurs in patients with recurrent
hepatitis C chronic infection, as a consequence,
[60]
appears to be associated with fibrosis progression .
On the other hand, HLA class Ⅱ-restricted regulatory
T cell (Treg) epitopes in IgG (also called “Tregitopes”)
that suppress immune responses to co-administered
antigens may be formed as a result of DSA, thereby
[96]
promoting tolerance .

PREVENTION AND MANAGEMENT OF
LIVER DSA-RELATED AMR
As previously mentioned, the advent of new diagnostic
technologies, particularly SAB assays, has allowed
the assessment of the immunological risk in potential
recipients of a particular donor by means of the iden
tification and characterization of HLA Abs. In the kidney
transplant setting, a detailed serological follow-up is
of critical importance in the decision-making process
because it can help determine whether to proceed
with the transplantation, desensitize or follow a
[23]
standard immunosuppressive (IS) therapy . Efficient
desensitization protocols have enabled successful
transplantations, overcoming immunological barriers in
patients including the barrier of a positive complement[97-99]
dependent cytotoxic cross-match
. Anti-humoral
therapy is based on two complementary approaches:
(1) the removal of harmful Abs from the blood stream
through plasmapheresis or immunoadsorption; and
(2) the modulation of various components of specific
and/or innate immunity using strategies including
intravenous immunoglobulin, anti-CD20 antibody
(rituximab), antithymocyte globulin (ATG), proteasome
inhibitor (bortezomib), anti-C5 antibody (eculizumab),
[97-99]
or even splenectomy
.
In the setting of liver transplantation, the routine
assessment of DSA pre-transplantation, with a retest
of positive patients 1-2 wk post-transplantation, has
[34]
been recommended by a panel of experts . This
fact is of particular interest when a SLKT is being
considered and in the case of anti-donor HLA class
Ⅱ Abs; however, there are several shortcomings
[34]
with this strategy that need to be solved : (1) only
a small percentage of sensitized patients before
transplantation will have severe, adverse consequences
after transplantation; and (2) the significance of
DSA late after liver transplantation without allograft
dysfunction is uncertain and, in general, this finding
does not merit any intervention. Taking into account
these shortcomings, a panel of experts have recently
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proposed to investigate the design of cost-effective
DSA monitoring strategies that allow one to detect
the first group of patients and that identifies DSA
characteristics late after transplantation that indicate
inadequate immunosuppression or an unacceptable
[34]
risk of chronic allograft injury .
Patients who undergo SLKT should ideally receive
organs without class Ⅱ antigens against which the
[34]
recipient has DSA with an MFI > 5000 ; however, if a
patient must receive cross-match positive organs after
balancing the risks of a DSA-mediated rejection against
those related to a protracted waiting list period in
terms of progression of the liver disease, postoperative
testing to determine antibody persistence and close
[34]
follow-up are desirable .
Otherwise, the IS regimen and drug exposure can
be relevant in terms of prevention of DSA-mediated
allograft damage. In the kidney transplantation
setting, the selection of an adequate IS can pre
vent subclinical inflammation and hence fibrosis
[23]
progression . For instance, in a case-control study,
[100]
Moreso et al
confirmed the lower prevalence of
subclinical inflammation associated with a regimen
based on tacrolimus, mycophenolate mofetil, and
prednisone than with a regimen based on cyclosporine,
mycophenolate mofetil, and prednisone. In addition,
lower exposure to tacrolimus between 3 and 12 mo
after transplantation was independently associated with
higher increases in chronic pathology in patients also
[101]
treated with mycophenolate mofetil, and prednisone .
In the liver transplantation setting, de novo DSA
prevention strategies also include a strict adherence to
immunosuppression and the use of tacrolimus (rather
[5,102,103]
than cyclosporine)
.
The treatment of acute AMR in ABO-compatible
liver transplants is not clearly determined because
[34,104]
of the limited number of cases
. Most of the
evidence in this field derives from studies in kidney
transplantation where different anti-humoral therapies
similar those mentioned above have been used.
Bortezomib, a proteasome inhibitor effective in de
pleting plasma cells that in turn are responsible of
producing the offending Abs, has been successfully
used in three cases of severe AMR in ABO-compatible
[104]
LT recipients ; however, concerns have been raised
about the anti-humoral therapies in LT recipients
because of their potent immunosuppressive effects
that may exacerbate chronic viral hepatitis or increase
infectious risks. Thus, experts currently advise that
a strategy based on the combination of avoidance/
[34]
prevention when possible may be the best strategy .

CONCLUSION
There has been a recent resurgence of interest in
AMR in liver transplantation based on an increasingly
number of reports indicating DSA-mediated allograft
dysfunction and a better characterization of this entity
in terms of diagnostic tools and diagnostic criteria.
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Although AMR is a less frequent cause of liver allograft
dysfunction, it must be taken into account not only
from a diagnostic/therapeutic point of view but also
from a preventive standpoint.
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Abstract
In Europe, 30% to 50% of liver transplantations are
currently due to alcoholic liver disease (ALD). In the
United States, this percentage is 17.2%. Post-transplant
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survival and other predictors of clinical course do
not differ significantly from those in other types of
transplanted patients, as long as there is no relapse
of drinking. However, 20%-25% of these patients
lapse or relapse to heavy drinking post-operatively,
which has been associated with an increased risk
of liver damage and mortality. It is therefore crucial
to design specific selection and follow-up strategies
aimed at this particular type of patient. Several
good and poor prognosis factors that could help to
predict a relapse have been suggested, among them
the duration of abstinence, social support, a family
history of alcoholism, abuse diagnosis versus alcohol
dependence, non-acceptance of diagnosis related to
alcohol use, presence of severe mental illness, nonadherence in a broad sense, number of years of
alcoholism, and daily quantity of alcohol consumption.
In this article, we discuss these and other, more
controversial factors in selecting ALD patients for liver
transplantation. Abstinence should be the main goal
after transplantation in an ALD patient. In this article,
we review the several definitions of post-transplant
relapse, its monitoring and the psychopharmacological
and psychotherapeutic treatment.

Core tip: Currently, alcoholic liver disease (ALD) is one
of the most common indications for liver transplant,
and post-transplantation survival and other predictors
of clinical course in ALD patients do not differ sign
ificantly from other types of transplanted patients, as
long as there is no relapse of drinking. It is crucial to
design specific selection and follow-up strategies aimed
at this particular type of patient. In this article, we
discuss several factors that are important to consider
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in the selection and follow-up of liver transplanted ALD
patients.

LITERATURE REVIEW

Telles-Correia D, Mega I. Candidates for liver transplantation
with alcoholic liver disease: psychosocial aspects. World J
Gastroenterol 2015; 21(39): 11027-11033 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11027.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11027

INTRODUCTION
One of the main indications for liver transplantation
is alcoholic liver disease (ALD). In Europe, 30% to
50% of liver transplantations (LTX) are currently due
[1]
to ALD , and this percentage is lower only than that
[2]
due to liver disease caused by viruses . In the United
States, between 1988 and 2006, 17.2% of LTX were
[2]
performed in ALD patients .
In the 1980s, based on studies of ALD patients
who underwent LTX, the idea that this particular
group of patients had a poor prognosis and clinical
[3-5]
course became widespread
. Therefore, it was
established that very strict criteria were needed to
include ALD patients on liver transplantation lists (with
the support of the United States National Institutes of
[6]
Health) .
However, subsequent experience in transplantation
has contradicted this evidence. It was concluded that
the results of the earliest studies could be linked to
the group of ALD patients in question presenting with
important comorbidities that concurred with a poor
[7]
prognosis . Currently, post-transplantation survival
and other predictors of clinical course (such as the
length of post-transplantation hospitalization and
number of rehospitalizations) do not differ significantly
from those in other types of transplanted patients, as
[8-10]
long as there is no relapse of drinking
.
However, it is known that 20%-25% of these
patients lapse or relapse post-operatively to heavy
[11]
drinking , which has been associated with increased
risks of liver damage and mortality, especially after
[12,13]
several years of alcohol use
.
Although LTX has become the treatment of choice
for several types of liver disease, the need for organs
largely exceeds their availability.
Therefore, in the social context of organ unavai
lability and the extremely high costs associated with
the process of transplantation, it is paramount to select
[14]
candidate patients according to certain criteria .
Due to social and moral factors, ALD patients are not
always in the condition of to compete for transplantation
[7]
under equal conditions with other patients .
This article aims at reviewing, based on the existing
literature, the psychosocial aspects related to the
selection, monitoring and follow-up of ALD patients
subject to liver transplantation.
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A literature review was conducted, for articles
published between 1990 and 2015, in MEDLINE
and PubMed using the following key words: “Alcohol
Liver Disease”, “Liver Transplantation”, “Alcohol Liver
Disease Treatment”, and “Alcohol Liver Disease in
Liver Transplantation”. Three textbooks and 2 Web
sites were also consulted. The 50 articles reviewed
included clinical cases, reviews and original articles
(observational studies, cross-sectional studies and
observational, longitudinal studies).

RESULTS
Pre-liver transplant selection and relapse predictors

Given the complexity of the disease and transplan
tation processes, psychosocial evaluation must be
incorporated into a more comprehensive consideration
of the appropriateness of liver transplant for particular
[11]
patients . Several factors have been suggested to be
predictors of relapse, with several scales being used for
this purpose.

Factors that might determine relapse of drinking

Duration of abstinence: Pretransplant abstinence
sometimes occurs in the context of the deterioration
of the general condition of the patient, and it is
sometimes precipitated by hospitalization; therefore,
it should not be regarded as an absolute predictor of
[14]
post-transplant abstinence .
In December 1996, the United Network for Organ
Sharing recommended a minimum period of 6-mo
[7]
pretransplant abstinence . Several authors have
criticized the use of such a short period of time to
[15]
predict sustained and maintained abstinence . Dew
observed that a period of pre-transplant abstinence
shorter than 6 mo could predict the rate of relapse
[16]
[17]
of drinking . Dom et al
calculated that, for every
month increase in pre-LTX abstinence, there was a 5%
decrease in the adjusted relapse rate.
Clinically, it has been believed that the imposition
of a 6-mo period is not realistic, because some
patients presenting for evaluation might not be able
[18]
to survive 6 mo before being transplanted , as is the
case with patients with acute alcoholic hepatitis, in
[17]
whom the time frame is much shorter . In contrast,
6 mo of abstinence might not be sufficient to allow
some patients to recover their liver function, which
might call into question the real need for a liver
[19]
transplant .
Social support: Since the beginnings of pretransplant
selection, psychiatrists such as Beresford and Vaillant
have drawn attention to the importance of social
support and social stability for good clinical and
[20,21]
psychiatric post-transplant outcomes
. Dew and
Kotylar considered social support to be one of the
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most important factors in determining post-transplant
[16,22]
alcohol use
. Having a stable partner and reliance
on family or friends could also be positive factors,
[17]
reducing the risk of relapse . In contrast, a lack of
social support and continued engagement in alcoholrelated social activities could be negatively associated
[17]
with relapse .
Other factors: Dew also drew attention to predictors
of poor prognosis, such as a family history of
[16]
alcoholism , and Kotylar emphasized a diagnosis
related to alcohol use (better prognosis for alcohol
[22]
abuse than for alcohol dependence) , which has
been corroborated by recent studies conducted by
[23]
authors such as DiMartini . Also, a history of a
severe mental disorder (a psychotic disorder -namely
schizophrenia - or a personality disorder - namely
antisocial personality disorder) and non-adherence in
a broad sense (attendance of visits, compliance with
[22]
treatment)
can be predictors of a poor prognosis.
Yates emphasized the importance of the daily quantity
of alcohol and the number of years of alcoholism.
According to his model, the risk was greater for a
number of drinks greater than 17 and a number of
[24]
years of alcoholism greater than 25 . Additionally,
non-acceptance of a diagnosis of alcohol dependence
was found to be correlated negatively with post-LTX
[25]
alcohol relapse .
Selection scales: Several psychosocial assessment
instruments are used during the pretransplant
period. Among these instruments, the Psychosocial
Assessment of Candidates for Transplantation scale,
with which aspects related to social support, mental
health, lifestyle and understanding of transplant
[26]
processes are rated , and the Transplant Evaluation
Rating Scale, which assesses the degree of adaptation
of the patient in distinct psychosocial and psychiatric
areas: previous psychiatric history; current DSMⅢ psychiatric diagnosis (axes Ⅰ and Ⅱ); substance
use; compliance; healthy behaviors; social support;
previous history of coping; current coping with the
[27]
disease and treatment; affect; and mental state .
However, there are scales that specifically assess
the eligibility of candidates with alcoholic liver disease.
Among these scales, the High-Risk Alcoholism Re
[24]
[28]
lapse
scale and the Alcoholism Prognosis Scale
should be emphasized.
Moreover, some scales have also been shown to be
useful in assessing other factors that might determine
relapse of drinking. Among these scales is the Multi
dimensional Adherence Questionnaire, designed by
[29]
Telles-Correia et al .

Controversial aspects in the selection of ALD candidates

Written contracts: In some transplant centers, the
patient is required to sign a contract to formalize
his or her acceptance of the diagnosis and the need

WJG|www.wjgnet.com

for post-transplantation abstinence, as well as his
[20,30]
her commitment not to relapse to drinking
.
According to Beresford, this contract can help the
doctor in cases of a post-transplantation relapse,
and it might be a useful instrument to motivate the
[31]
patient in seeking help . However, the same author
drew attention to the patients accepting diagnoses
related to alcohol use in the pre-transplantation
period not necessarily predicting their acceptance
of the same diagnoses in the post-transplantation
period. Therefore, the utility of this instrument might
be uncertain.
Pre-transplantation assessment in patients
with encephalopathy: The prevalence of hepatic
[32,33]
encephalopathy in transplant candidates is high
.
Therefore, it is only natural that many ALD can
didates are encephalopathic at the time of pretransplant assessment. According to Beresford, there
are two problems in these cases: the quality of the
assessment itself, which, given the cognitive limitations
of the patient, has limited validity, and the utility of
referring these patients (after assessment) to alcohol
treatment programs if the degree of encephalopathy is
maintained. In this way, whenever possible, the author
advised that patients should improve their state before
[20]
being submitted to transplantation . If improvement
is not possible, it might be useful to collect from the
family, or a significant other, data from the anamnesis
that are relevant to the transplant procedure.
Relapse occurring after listing: A relapse of
drinking in the pre-transplantation period, after listing,
is a very serious situation. Most centers have opted
to exclude from transplant lists patients who, after
having stopped drinking and having been accepted
for transplant, relapse to drinking. Some centers,
while not excluding the patients from the list, prefer to
reassess them with particular strictness and to refer
[20]
them for rehabilitation .

Definition of relapse and post-transplant psychological
and psychiatric monitoring and follow-up of the ALD
patient

Definition of relapse: The diagnosis of relapse
depends on the definition used, and it is necessary
to distinguish “relapse of alcoholism” (generally
associated with the psychiatric diagnoses of alcohol
dependence and abuse) and “relapse of drinking”. In
the context of liver transplant, “relapse of drinking”
is mostly used, which assesses the presence of abs
tinence and quantified alcohol consumption.
The presence of abstinence must be the main
[34]
objective after transplantation in an ALD patient ,
because alcohol use is associated with histological liver
lesions, which develop rapidly and lead to fibrosis, so
no consumption whatsoever should be allowed at this
[32,35]
stage
.
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Along with the presence or absence of abstinence,
frequency and intensity of consumption, translated
into the number of drinks ingested, should also be
[24]
assessed .
During the post-transplantation period, Kotylar
distinguished “heavy relapse” from “slip”. The former
corresponds to the consumption of more than 5 drinks
[22]
over a period of more than 5 consecutive days .
Some studies have reported that a “slip” indicates a
much better clinical prognosis (particularly regarding
[36,37]
survival rates) than a “heavy relapse”
.
Relapse monitoring: Relapse monitoring can be
undertaken using three strategies: self-reports; reports
from family members; and laboratory tests.
The probability of the patient’s self-reports being
truthful is approximately 65% (compared to the
reports from family members and the results of
[38]
laboratory tests) .
As stated in other sections of the present article,
family members can prove to be major allies, and their
reports can be very useful in determining the patient’
s alcohol consumption. For this process to occur, it
is paramount that the transplantation team create a
solid and transparent relationship with the patient’s
[39]
family .
Many centers resort to laboratory exams. Liver
lesion tests can be useful for identifying patients who
drink after a rehabilitation program, with sensitivity of
100% and a specificity of 82% when GGT ≥ 20%, ALT
≥ 40% and AST ≥ 20%[40]. However, these results
[41]
are not valid in patients with significant liver disease .
Another test frequently used is the carbohydratedeficient transferrin test. However, as mentioned,
recent studies have shown the value of this test in
the detection of prolonged alcohol consumption to be
uncertain, especially in patients with very severe liver
[42]
disease .
Alcohol quantification can be performed using
urine, breath, blood and hair. While blood, breath and
urine tests detect alcohol use in the previous 12-24 h
(on average), hair tests can detect it up to 90 d before
[43]
the exam .
Relapse treatment: Attitudes and behaviors toward
treatment are relevant in the context of outcomes,
but there have been few studies showing the efficacy
of the psychosocial treatment of ALD patients after
transplant. Several reasons have been noted for this
situation, among them that the patients believe that
they no longer have an alcohol-related problem and
therefore no longer need treatment, as well as that
certain drugs used to prevent relapse of drinking
are feared by patients (and often also by their
hepatologists) due to possible adverse reactions in
[22,44]
patients without fully recovered liver function
. This
finding explains why the only controlled, randomized
[44]
study in this area was not completed .
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Two types of treatment have been suggested:
[2,45]
psychopharmacological and psychotherapeutic
.
Regarding the former, 5 drugs should be emphasized.
Disulfiram inhibits the aldehyde dehydrogenase
enzyme, leading to an accumulation of acetaldehyde
(a compound that results from alcohol metabolism
and is degraded by aldehyde dehydrogenase), which
is very toxic to the organism, causing extreme vaso
dilation and the consequent drop in blood pressure,
tachycardia and cephaleas. These effects are called
“Antabuse” or “disulfiram-like”. The use of this drug
in transplanted patients is not recommended due to
its potentially hepatotoxic and hypotension-inducing
[44]
effects .
Naltrexone, an opioid receptor antagonist (especially
of the µ receptor) is also widely used in alcoholism,
having already been shown to reduce cravings and the
[46]
rate of relapse of drinking . Although its action is not
yet clear, it seems to be mediated by the inhibition
of the rewarding effects of alcohol, by blocking the
[47]
reward circuits in the brain . The administration of
this drug in transplanted patients has been avoided
because, according to some manuals, it can cause
an increase in aminotransferases (which is generally
reversible).
Nalmefene (the mechanism of which is similar to
naltrexone but apparently with better liver tolerance)
[48,49]
could be an alternative to naltrexone in alcoholism
,
but no studies in transplanted patients have been
conducted so far.
Acamprosate, a NMDA-receptor antagonist used
in alcoholism, has a very safe profile from a metabolic
point of view, and it might be a good candidate for use
[32,33]
in transplanted patients
. However, the existing
studies have not been very optimistic in regarding the
[44]
maintenance of abstinence .
Baclofen, a γ-aminobutyric acid receptor antagonist,
was evaluated in a randomized, controlled study in
patients with end-stage alcoholic liver disease, showing
[50]
both safety and positive effects .
The human difficulty in addressing, accepting and
sustaining change is widely known, above all in such a
complex life situations as the transplantation process,
and for this reason, psychotherapeutic treatment must
be implemented during all stages of the transplantation
process.
Understanding the patient means being attentive to
greater difficulties or to factors that can trigger stress,
which, in the case of an ALD patient, can lead to a
lapse or a relapse, contributing to worse adherence,
which can in turn translate into increases in morbidity
and mortality. In this manner, it is important to develop
coping strategies to face the factors that trigger stress
and that could lead to a relapse. There are several
structured models of psychotherapeutic intervention,
the most common being MATCH (Matching Alcoholism
Treatments to Client Heterogeneity), which has
shown similar efficacy to 12-step treatment, cognitive
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can predict several markers of good and poor medical
and psychosocial outcomes, such as adherence to
[53]
medication, quality of life, etc. , and could also be
important factors in predicting alcohol relapse.

Table 1 Possible predictors of post-transplant relapse
Good prognosis
Pre-transplantation abstinence > 6 mo (controversial)
Social support
Abuse vs alcohol dependence
Good adherence in a broad sense
Poor prognosis
Family history of alcoholism
Non-acceptance of diagnosis related to alcohol use
Comorbidity with other substance abuse (controversial)
Psychiatric history (psychosis, personality disorder)
Quantity of alcohol/d
Number of years of use
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Core tip: Prevention of organ rejection following solid
organ transplantation requires long term immuno
suppressive therapy, leading to an increased risk of
infections and malignancies. Posttransplant lympho
proliferative disorder (PTLD) comprises one of the
most serious complications following transplantation
with high morbidity and mortality rates. In this article
we will review the different aspects on PTLD following
liver transplantation.
Dierickx D, Cardinaels N. Posttransplant lymphoproliferative
disorders following liver transplantation: where are we now?
World J Gastroenterol 2015; 21(39): 11034-11043 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i39/11034.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i39.11034

Abstract
Liver transplantation has emerged as a life-saving
treatment for several patients with acute liver
failure, end stage liver disease and primary hepatic
malignancies. However, long term immunosuppressive
therapy aiming to reduce the risk of transplant
rejection increases the incidence of several com
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plications including malignancies. This is illustrated
by the observation of a high ratio between observed
and expected cases of lymphoproliferative disorders
following liver transplantation. Despite a huge heter
ogeneity in morphological appearance of these dis
orders ranging from reactive-like lesions to real lym
phomas, they are collectively termed posttransplant
lymphoproliferative disorders. In this review we will
provide an overview of this rare but challenging dis
order as a complication of liver transplantation.

INTRODUCTION
Posttransplant lymphoproliferative disorder (PTLD)
is serious complication of both solid organ (SOT)
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and hematopoietic stem cell transplantation (HSCT).
From a pathological point of view PTLD can vary from
an infection-like appearance to a frank lymphoma.
In about 70% of the cases Epstein Barr virus (EBV)
is involved, whereas pathogenesis in the remaining
cases is less clear. The most important risk factors
for PTLD are EBV status at time of transplantation,
type of transplanted organ and duration and type
of immunosuppressive regimen. Reconstitution of
the immune system, by reduction or withdrawal
of immunosuppressive therapy, is considered the
mainstay of therapy, although additional treatment
is mandatory in a large proportion of patients. In this
article we will review incidence, risk factors, diagnosis,
treatment and prognosis of PTLD, focusing in particular
on patients with liver transplantation.

Incidence
Incidence data on PTLD in a transplant population may
be underestimated given the lack of large prospective
data, making retrospective single or rarely multicenter
studies and large transplant registries the main
information source. Population based cohort studies
have shown that the standardized incidence ratio
equals 10 for non-Hodgkin lymphoma and 3.5 for
[1]
Hodgkin lymphoma following SOT .
However, the incidence of PTLD largely depends
on the type of organ transplanted. Initially liver
transplantation was associated with a relatively
high risk for PTLD development compared to other
[2]
transplanted organs . However, in contrast to other
solid organ transplantations, the risk seems to be
decreasing due to a tendency to diminish and even
discontinue all immunosuppressive therapy in a
[3,4]
proportion of adult patients . Similar, in pediatric
liver transplant recipients, the incidence of PTLD has
decreased due to preventive and especially preemptive
modulation of immune suppressive therapy based on
[5,6]
systematic EBV viral load monitoring .

Risk factors
Several risk factors for development of PTLD have
been described. The three most important are EBV
mismatch, the type of transplanted organ and the use
and duration of the immunosuppressive regimen.

EBV mismatch

Epidemiological studies in pediatric solid organ
transplant recipients have shown that primary EBV
infection from an EBV positive donor organ is the most
important risk factor for development of PTLD, which
was also confirmed in adult transplant populations.
The major role of EBV in the development of PTLD is
due to the dramatic decrease of EBV specific cytotoxic
T lymphocytes caused by immune suppressive
medication. This loss of immune surveillance may
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lead to uncontrolled proliferation of EBV-infected B
cells. In a large Collaborative Transplant Study EBV
negative serostatus at the time of transplantation
was associated with a significant increased PTLD risk
in kidney and heart transplant recipients. However,
this was not the case following liver transplantation in
[7]
which the risk was unaffected by the EBV serostatus .
This unexpected finding was challenged by a more
recent analysis of a United States Scientific Registry
of Transplant Recipients study, showing that recipient
EBV seronegativity is significantly associated with risk
for PTLD in heart, kidney but also liver transplantation
with unadjusted hazard ratios (HR) of 6.528, 5.005
and 2.615 respectively. This lower HR in liver trans
plantation seems to be attributed to the higher
baseline risk in EBV seropositive liver transplant
[8]
patients . The reason for this finding is not known,
but may be related to the higher lymphoid mass of
the transplanted liver, increasing the risk for EBV
[7]
reactivation and subsequently development of PTLD .

Type of organ transplantation

The risk for PTLD development clearly varies according
[9]
to the transplanted organ. Opelz et al conducted
a large retrospective study analyzing data from the
Collaborative Transplant Study database. In this
study the authors observed a 5 year relative risk
(RR) for non-Hodgkin lymphoma of 29.9 following
liver transplantation. RR was highest in lungheart transplantation, followed by lung, heart, liver,
pancreas and deceased donor kidney transplantation.
This increased risk -for all types of transplantationwas most pronounced in the pediatric population,
reflecting the higher percentage of EBV negative
serostatus in children. In our own center we per
formed a retrospective analysis on 140 biopsyproven PTLD cases collected during a 20-year period
(1989-2010), confirming the organ-dependent differ
ences in PTLD risk. Highest risk was observed in
heart (5.0%), followed by lung (3.2%), liver (2.8%),
hematopoietic stem cell (1.7%) and kidney (1.5%)
transplant recipients, with an overall incidence in the
whole transplant population of 2.12%. For statistical
reasons heart-lung transplant patients were classified
as lung transplant recipients, whereas no PTLD was
seen following multivisceral transplantation, but
this is probably due to the small (n = 9) number of
this type of transplantation in our center during the
[10]
studied period . Other studies have shown incidence
rates of 20% in both multivisceral and heart-lung
transplantation. One of the largest series including
4000 consecutive liver transplant patients during the
period 1981-1998 has been reported by the Pittsburgh
group, who observed a PTLD incidence of 4.3%
following liver transplantation, with clear difference
[11]
between children (9.7%) and adults (2.9%) .
Possible reasons for the large differences in incidences
between different organs include the fact that more
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intensive immune suppressive therapy is required in
high risk patients and that a larger burden of lymphoid
[12]
tissue may increase the risk for EBV infection .

Immunosuppressive regimen

The often lifelong required intake of immuno
suppressive medication is another important risk
factor of PTLD development. Given the fact that
most transplant protocols use combination regimens
including induction and maintenance therapy, it is
very difficult to determine the impact of each drug
separately. However, although often controversial,
some agents seems to be associated with development
of PTLD, whereas others can even be considered
protective.
Early studies have shown that the use of
calcineurin inhibitors, both cyclosporine and tacro
limus, is associated with an increased risk for
development of PTLD. Due to the stronger immuno
suppressive properties of tacrolimus, this agent
seems to be associated with a higher risk compared
to cyclosporine in different organ types, including
[13]
liver transplantation . In contrast to the use of
calcineurin inhibitors in liver transplantation the
antimetabolite mycophenolate mofetil does not seem
to increase the risk for PTLD, which is also observed
[14]
in other organ transplantations . Mammalian
target of rapamycin (mTOR) inhibitors, often also
referred to as proliferation signaling inhibitors,
are very attractive agents given their combination
of both immunosuppressive and antiproliferative
characteristics. Currently two of these agents are
used in organ transplantation, namely sirolimus and
everolimus. In 2013 everolimus was approved in the
United States and in Europe to prevent organ rejection
in adult liver transplant patients. In a small study of
50 pediatric transplant patients, including 26 liver
transplant recipients, the use of sirolimus combined
with reduced dose tacrolimus was not associated with
[15]
an increased risk for PTLD . On the other hand,
trials incorporating mTOR inhibitors in other organ
transplantation have shown conflicting results with
[16-18]
respect to the risk for PTLD development
. In liver
transplantation, the use of combining everolimus with
low dose tacrolimus may be a promising approach with
acceptable tolerability, preserved renal function and
[19]
decreased PTLD risk .
Most organ transplantation registry studies
have shown a clear association between the use of
polyclonal T cell depleting antibodies, in particular anti[9]
thymocyte globulins, and the occurrence of PTLD .
Similar, the use of the monoclonal anti-CD3 antibody
muromonab CD3 (= OKT3) was associated with an
increased risk for PTLD development in a monocentric
[20]
study including 1206 adult liver transplant recipients .
Given the depletion of both B- and T-cells when using
the anti-CD52 monoclonal antibody alemtuzumab,
this agents offers the theoretical advantage of
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protection against B cell proliferation. However, no
clear data confirming this hypothesis do exist in liver
[21]
transplantation . Recently selective depletion of
activated T cells with anti-interleukin-2 receptor (CD25)
monoclonal antibodies (basiliximab and daclizumab)
have been used extensively as induction therapy in
liver transplantation, without increasing the incidence
[9,22,23]
of PTLD
.
In a recently published Cochrane systematic
review all different types of polyclonal and monoclonal
depleting and non-depleting antibodies used as
induction therapy in liver transplantation were
evaluated in order to assess their benefits and dis
advantages. In this analysis 19 randomized clinical
trials with a total of 2067 liver transplant recipients
were included. No specific harm in general (PTLD in
particular) was found when comparing each antibody
with no induction therapy. However the authors
concluded that more well designed clinical trials are
needed because of the high risk of bias in the studied
trials, the small numbers of randomized trials and
the limited numbers of participants and examined
[24]
outcomes in these trials .

Other risk factors

Many other risk factors for development of PTLD in
general have been described and proposed, although
their relationship remains controversial. In liver
transplant patients the underlying disorder and nonEBV viruses also have been proposed as risk factors
for development of PTLD.
In a German monocentric retrospective analysis
the authors observed a significant relation between
pretransplant steroid treatment due to immunological
disorders and liver transplantation for autoimmune
[25]
hepatitis and the occurrence of PTLD .
About one third of the PTLD cases is not EBV[12]
associated . In these cases other infectious agents
may be involved or the malignant cells may have
[26]
lost EBV expression . Different viruses have
been proposed as important contributors in the
pathogenesis of PTLD, but as will be discussed in the
next paragraph, no conclusions can be made on their
exact role.
[27]
Hézode et al
reported on an increased risk for
PTLD development in liver transplant patients with
underlying hepatitis C cirrhosis. However, a large
cohort study in SOT recipients failed to confirm this
[28]
observation . This apparent lack of association
between hepatitis C and development of PTLD clearly
contrasts to its role in lymphomagenesis in immune
competent patients. Recently a large population-based
Swedish study including 135 PTLD cases following solid
organ transplantation suggested hepatitis C virus to
be associated with late onset PTLD, which also needs
[29]
confirmation in larger studies . Although less well
[30]
studied, Zhang et al observed an increased incidence
of PTLD in liver transplant recipients transplanted
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Table 1 World Health Organization classification posttransplant lymphoproliferative disorder

Underlying architecture
Cells
Immunohistochemistry
EBV
Clonality
Oncogenic mutations

Early lesions

Polymorphic PTLD

Monomorphic PTLD

(Partially) preserved
Plasma cells, small lymphocytes and
immunoblasts
No diagnostic value
100%
In most cases polyclonal
No

Destructed
Complete spectrum of B cell
maturation
Mixture of B and T cells
> 90%
Variable
Variable (BCL6)

Destructed
Fulfill criteria for lymphoma
Most cases CD20 positive
+/- 70%
Monoclonal
Oncogenes (N-Ras, c-MYC,…) and tumor suppressor
genes (p53,…)

PTLD: Posttransplant lymphoproliferative disorder; EBV: Epstein Barr virus.

for benign liver diseases with hepatitis B virus (HBV)
compared to HBV-negative patients. Available data on
the impact of Cytomegalovirus (CMV) both in liver and
other organ transplantations are very controversial, so
currently no conclusions can be drawn regarding the
[31-33]
role of CMV in PTLD development
.
In summary we can conclude that EBV mismatch,
type of transplanted organ and immunosuppressive
regimens are major determinant factors in the risk for
PTLD development following solid organ (and liver)
transplantation. The impact of other factors, including
underlying disorder and non-EBV viruses remains
controversial.

CLINICAL PRESENTATION
The clinical presentation of patients with PTLD is
very heterogeneous. Whereas some patients have
no symptoms or a mononucleosis-like presentation,
other present with very aggressive disease including
rapid evolution to multi-organ failure. Large monoand multicentric case series following solid organ
transplantation reveal a high incidence of extranodal
invasion (62%-79%), including bone marrow
(15%-17%), gastrointestinal tract (23%-56%) and
central nervous system involvement (5%-13%).
The majority of patients present with advanced
disease (Ann Arbor stage Ⅲ -Ⅳ in 66%-72%). In
accordance with the increased survival of patients
following organ transplantation, most recent series
show that the majority of PTLD cases are late onset
cases, developing more than one year following
transplantation (61%-72%), with up to 21% occurring
[10,11,29,34]
more than 10 years post transplantation
. A
minority of cases are characterized by early onset (first
six months) presentation and are often limited to the
[35]
allograft .

Diagnosis
Once diagnosis of PTLD is suspected prompt diagnostic
investigations are essential in order to confirm or
exclude the diagnosis and to initiate treatment
as soon as possible. Although diagnosis can be
assumed based on clinical presentation and EBV
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monitoring in peripheral blood, the gold standard
for diagnosis remains biopsy with histopathological
and immunohistochemical examination. Based on
morphological and immunohistochemical findings
and on the structure of the underlying lymph node/
organ, the World Health Organization distinguishes
[36]
four major categories of PTLD (table 1) : (1) early
lesions (plasmacytic hyperplasia and infectious
mononucleosis-like lesions); (2) polymorphic PTLD;
(3) monomorphic PTLD; and (4) hodgkin lymphoma/
Hodgkin-like lymphoma.

Staging
Adequate staging examinations are needed aiming
to define the extent of the disorder. Staging tools
include: CT scan abdomen/thorax/pelvis, bone marrow
examination and in case of suspicion of central nervous
system invasion magnetic resonance imaging of the
brain and/or analysis of cerebrospinal fluid. Based on
these findings all cases can be categorized in stages
according to the Ann Arbor classification, classifying
patients based on the number of involved lymph node
regions, the localization of nodal involvement and
the presence of organ invasion. Stage Ⅰ and Ⅱ are
considered limited disease, whereas stage Ⅲ and Ⅳ
point to a more advanced or disseminated disease
[37]
(table 2) .
The high frequency of extranodal involvement in
PTLD and the relative contra-indication for the use of
intravenous contrast in patients with compromised
calcineurin inhibitor-induced renal dysfunction
18
have led to a particular interest in the use of fluo
rodexyglucose- positron emission tomography (FDGPET) scan in diagnosis and staging of PTLD. We
evaluated the use of FDG-PET in 170 cases with
suspected or biopsy-confirmed PTLD following solid
organ or hematopoietic stem cell transplantation,
confirming its high sensitivity and specificity and
showing an excellent ability to differentiate PTLD from
non-malignant disorders. Potential pitfalls include
central nervous system involvement and -isolatedallograft localization in heart and kidney transplant
recipients, for which PET scan is not the ideal imaging
[38]
modality . Similar results were observed in two
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might be another promising therapy in PTLD. How
ever, efficacy of this approach is not very clear as
[45]
often similar therapies are given . As the results
of two trials (one in kidney and one in pediatric liver
transplant recipients) examining the effect of anti-CMV
IVIG showed controversial, the use of IVIG early in
[44,46]
transplant programs remains questionable
.

Table 2 Ann Arbor staging system for lymphoproliferative
disorders
Stage Ⅰ
Stage Ⅱ

Stage Ⅲ

Stage Ⅳ

Involvement of a single lymph node region (Ⅰ) or one
extralymphatic site (IE)
Involvement of two or more lymph node regions, at the
same side of the diaphragm (Ⅱ) or local extralymphatic
extension plus one or more lymph node regions at the same
side of the diaphragm (IIE)
Involvement of lymph node regions on both sides of
diaphragm (Ⅲ) which may include the spleen (IIIS) or
accompanied by local extralymphatic extension (IIIE) or
both (IIIES)
Diffuse or disseminated involvement of one or more
extralymphatic organs or sites, with or without associated
lymphatic involvement

Preemptive therapy

Each stage number is followed by either A (absence of B-symptoms) or B
(presence of B-symptoms: unexplained weight loss > 10% baseline during
6 mo before, unexplained fever > 38 ℃, night sweats).

other studies in which the authors also compared PET
findings with those obtained with more conventional
[39,40]
imaging modalities
.

PREVENTION
Improved knowledge on the important contribution
of EBV in the pathogenesis of PTLD and ongoing
concerns regarding poor prognosis of the disorder with
significant morbidity and mortality, has moved the
attention to prevention of the disorder.

Prophylactic therapy

The use of antiviral agents, especially the nucleoside
analogues acyclovir and ganciclovir, in prophylaxis
and treatment was already explored more than thirty
[41]
years ago, with limited benefit . Information on the
effect of prophylactic use of viral agents with regard to
the development of PTLD is limited. In a randomized
controlled trial in 48 pediatric liver transplant recipients
prophylactic treatment with two weeks of intravenous
ganciclovir alone (10 mg/kg per day) was compared
to two weeks of ganciclovir followed by 50 wk of highdose oral acyclovir (4 × 800 mg/m² per day). Patients
who were treated with prolonged use of acyclovir
did not show an increased frequency of PTLD in this
[42]
study . In a recent multicenter case-control study
[43]
Funch et al
examined the impact of acyclovir and
ganciclovir on the development of PTLD following
kidney transplantation. This analysis showed that
prophylactic anti-viral therapy, especially when using
ganciclovir, provides a significant protection against
early onset (< 1 year following transplantation)
EBV-driven PTLD. However, these findings were not
confirmed in a large retrospective registry study
including 44.828 deceased-donor kidney transplant
recipients, showing that prophylactic treatment with
[44]
antiviral drugs did not reduce the risk of PTLD .
The use of intravenous immune globulins (IVIG)
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With the availability of quantitative polymerase
chain reaction, monitoring of EBV viral load has
become common practice in many centers taking
care of transplant patients. Potential preemptive
strategies based on EBV viral load monitoring include
reduction of immune suppressive medication, antiviral
medication and/or administration of rituximab,
a monoclonal anti-CD20 antibody. McDiarmid et
[47]
al
reported on their experience using a protocol
incorporating serial peripheral blood EBV viral load
monitoring following pediatric liver transplantation. In
patients with increasing viral copy number, tacrolimus
was decreased and ganciclovir was re-initiated or
[5]
continued. In a similar single center study Lee et al
proposed a similar approach with reduction of immune
suppression in case of high EBV load in 43 pediatric
liver transplant patients and compared them with a
historical control group. In both studies the authors
concluded a significant decrease in PTLD incidence
was observed with the introduction of this preemptive
strategy.

Treatment
Given the rarity of the disorder and due to the lack
of randomized phase Ⅲ trials, optimal treatment of
PTLD is currently not clearly defined. This is illustrated
by the recently published guidelines from the British
Committee for Standards in Haematology and the
British Transplantation Society, showing low levels of
evidence and weak recommendations grades for the
[48]
different therapeutic options .
The development of PTLD always implies a high
degree of overimmunosuppression. This observation
explains why reduction of immunosuppression is the
main therapeutic intervention which should be initiated
promptly, leading to restoration of the EBV-specific T
cell response.

Restoration of the immune system

Reduction of immunosuppression: As soon as
the diagnosis of PTLD is made, prompt initiation of
RIS is recommended. In most cases antimetabolites
are discontinued, calcineurin inhibitor dose is reduced
[48,49]
with 50% and steroids or continued
. If the
clinical situation of the patients allows, the effect
should be re-evaluated after two to four weeks.
Response rates to RIS alone in PTLD have a very
wide variation, reflecting the lack of standardization
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with respect to duration of RIS before re-evaluation,
response criteria and reduction regimen. The impact
of RIS on PTLD following liver transplantation is
difficult to assess as most large series contain cases
following different kinds of organ transplantation.
In a large monocentric analysis from the University
of Pennsylvania, including 67 SOT recipients (16
liver transplant patients) with PTLD, RIS alone was
associated with an overall response rate of 45% and a
complete response rate of 37%. The most important
factors predictive for response to RIS alone were the
absence of bulky disease (> 7 cm), early stage (Ann
[50,51]
Arbor Ⅰ-Ⅱ) and lower age (< 50 years)
. In a large
Swedish study 135 PTLD cases following solid organ
transplantation (SOT) were analyzed, including 19
(14%) liver transplant recipients. Twenty-one patients
were treated with RIS alone, of which 57% had a
[29]
complete remission (CR) . However, in a prospective
trial from Baltimore including 16 SOT recipients, only
6% responded to RIS alone with no CR, but no liver
[52]
transplant recipients were included . In a small
retrospective analysis focusing on liver transplant
recipients (n = 17) RIS alone was associated with a CR
[53]
rate of 46% .
In conclusion, RIS should be initiated in all patients
presenting with PTLD following liver transplantation.
If the condition of the patient doesn’t require ur
gent additional therapy, a re-evaluation should be
performed after 2 to 4 wk. During RIS, regular moni
toring of transplant function is essential, as RIS is
associated with an increased risk of organ rejection.
As already discussed before mTOR inhibitors
may be a promising approach in the treatment of
malignancies in transplant recipients, given their
immunosuppressive and antiproliferative capacities.
[54]
Recently, Ashrafi et al
published their experience
with 13 kidney transplant recipients who were treated
with everolimus following diagnosis of PTLD, indicating
promising results regarding both disease control
and graft survival. This may be in particular a very
attractive approach in liver transplant patients, given
the beneficial effect of everolimus in prevention of
[19]
transplant rejection .
Adoptive immunotherapy: The use of EBV specific
cytotoxic lymphocytes has shown impressive results in
refractory PTLD cases with a very good toxicity profile,
[55]
as reviewed by Merlo et al . However, we will not
discuss this therapy in detail as wide applicability has
been limited so far.

Anti- B cell therapy

Surgery and radiotherapy: Surgery and radio
therapy should only be used in localized disease,
[48,50]
especially in early lesion PTLD
. Other indications
for radiotherapy include palliative symptom control and
[56]
treatment of isolated central nervous system-PTLD .
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Chemotherapy: Although chemotherapy (mostly
CHOP) was initially considered standard therapy,
especially after failure of RIS, treatment related
mortality seemed to be very high compared to
[57-59]
immune competent patients
. However, as will
be discussed in the next part, the use of rituximab
has substantially changed the treatment of patients
presenting with CD20-positive B-cell PTLD, making
omission of chemotherapy possible in a substantial
proportion of patients. However, in case of aggressive
CD20 negative PTLDs, upfront chemotherapy is
[48]
mandatory in most cases .
Monoclonal anti-B cell therapy: Several prospective
phase Ⅱ trials have assessed the role of rituximab,
a chimeric monoclonal anti-CD20 antibody, in PTLD.
Based on the results of these trials, showing overall
response rates ranging between 44% and 64%
combined with a favorable toxicity profile, rituximab
has emerged as standard therapy for CD20-positive
[60-64]
PTLD with inadequate response to RIS
.
[65]
Recently Trappe et al
reported on the results
of the large prospective phase Ⅱ PTLD-1 trial
examining the sequential use of rituximab and
CHOP chemotherapy in 70 patients presenting with
CD20-positive PTLD following SOT, including liver
transplantation. This trial demonstrated the efficacy
(90% ORR with 67% CRR) and safety of sequential
treatment. As the response to rituximab predicted
overall survival, the trial was amended in 2007
introducing risk stratification (risk stratified sequential
treatment) according to the response to rituximab.
The final analysis of this approach needs to be awaited
before final conclusions can be made.

Anti- EBV therapy

Antiviral therapy: The use of antiviral treatment has
not been assessed in prospective trials. In addition, as
already mentioned before, nucleoside analogues don’
t seem to be efficient as most EBV positive tumors do
not express viral TK.
Arginine butyrate: Recently very promising results
have been described with the short-chain fatty
acid arginine butyrate, a selective activator of viral
TK making the tumor sensitive to treatment with
nucleoside analogues. Combining arginine butyrate
with ganciclovir in the treatment of 6 refractory PTLDs
was feasible and showed an impressive response rate
[66]
of 83% .

Prognosis
In general the prognosis of PTLD following SOT
is poor with 3-year and 5-year overall survival of
[10,29,34]
approximately 50%-60% and 40% respectively
,
although sequential therapy with rituximab and CHOP
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chemotherapy shows improved overall survival (61%
[65]
[20]
at 3 year) . Kremers et al
observed a 5-year OS
of 40.8% in 37 patients with PTLD following liver
transplantation. Importantly, a significant percentage
of deaths (42% in our retrospective analysis) are not
PTLD-related, but are due to other causes, in particular
[10]
infections .
In our opinion and experience the International
[67]
Prognostic Index score
-a risk score initially
defined for immune competent patients with ag
gressive non-Hodgkin lymphoma, based on 5 inde
pendent risk factors: age > 60 year, elevated LDH,
poor performance state, advanced Ann Arbor stage
and presence of extranodal localizations- is also a
reliable and predictive factor in patients presenting
with PTLD, which was also confirmed in the PTLD-1
[10,68,69]
trial
An additional risk factor for poor prognosis
in the PTLD-1 trial was the presence of a thoracic
organ transplantation not responding to rituximab
[69]
monotherapy .

4

5

6

7

8

CONCLUSION
Posttransplantation lymphoproliferative disorders
remain an important cause of morbidity and mortality
following solid organ transplantation in general and
liver transplantation in particular. Although the overall
PTLD incidence has increased during the last years,
liver transplantation seems to be an exception to this
general rule, probably due the tendency to diminish
and even discontinue all immunosuppressive therapy
in a proportion of adult patients and to the use of
preemptive strategies, especially in the pediatric
setting. Classical risk factors for PTLD include the
EBV serostatus of the patient, the organ transplanted
and the immunosuppressive regimen. Once PTLD is
suspected, diagnostic evaluation and staging should be
done as soon as possible, as pathological identification
of the subtype and evaluation of the involved nodes
and organs are critical factor for optimal treatment
and prognostic stratification. As soon as the diagnosis
is made, treatment should be initiated promptly
by reducing immune suppressive therapy. In most
cases this will be followed by systemic treatment with
rituximab and/or chemotherapy.
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Abstract
Alcoholic liver disease (ALD) consists of a broad
spectrum of disorders, ranging from simple steatosis
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to alcoholic steatohepatitis and cirrhosis. Fatty liver
develops in more than 90% of heavy drinkers, however
only 30%-35% of them develop more advanced forms
of ALD. Therefore, even if the current “gold standard”
for the assessment of the stage of alcohol-related liver
injury is histology, liver biopsy is not reasonable in all
patients who present with ALD. Currently, although
several non-invasive fibrosis markers have been
suggested as alternatives to liver biopsy in patients
with ALD, none has been sufficiently validated. As
described in other liver disease, the diagnostic accuracy
of such tests in ALD is acceptable for the diagnosis of
significant fibrosis or cirrhosis but not for lesser fibrosis
stages. Existing data suggest that the use of noninvasive tests could be tailored to first tier screening
of patients at risk, in order to diagnose early patients
with progressive liver disease and offer targeted
interventions for the prevention of decompensation. We
review these tests and critically appraise the existing
evidence.
Key words: Transient elastography; Cirrhosis; Prognosis;
Histology; collagen proportionate area; Fibrotest;
AST-to-platelet ratio index; Diagnostic accuracy; Costeffectiveness; Serum fibrosis markers
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although there has been an explosive
development and validation of non-invasive fibrosis
tests particularly in viral hepatitis, data on patients
with alcoholic liver disease are still scarce. We review
these tests and critically appraise the existing literature.
Evidence suggests that such tests could be tailored
to first tier screening of patients at risk, in order to
diagnose early patients with progressive liver disease
and offer targeted interventions for the prevention of
decompensation.
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INTRODUCTION
Chronic liver disease is one of the main causes
of morbidity and mortality worldwide, as its most
relevant complications, namely cirrhosis and liver
cancer, account for approximately 2% and 1.4% of all
[1,2]
deaths, respectively . Excessive alcohol consumption
is a major risk factor for chronic liver disease in
industrialized countries, and is the predominant cause
of liver disease in 48% cases of cirrhosis in the United
[3]
States .
Alcoholic liver disease (ALD) is defined by anam
nestic history of daily alcohol intake of at least 30 g
and 20 g for men and women respectively, associated
[1]
with evidence of liver injury .
ALD consists of a broad spectrum of disorders,
ranging from simple fatty liver to more severe forms,
namely alcoholic steatohepatitis (ASH) and cirrhosis,
leading to life-threatening complications such as
hepatocellular carcinoma (HCC) and liver failure. Fatty
liver develops in more than 90% of heavy drinkers,
however only 30%-35% of them develop more
advanced forms of ALD. This suggests the role of
other contributing factors, such as female sex, obesity,
drinking patterns, dietary factors, cigarette smoking
and non-sex-linked genetic factors. In particular,
genetic factors such as the polymorphism of the
patatin-like phospholipase domain-containing protein 3
[3]
are currently the focus of further research .
Early detection of cirrhosis is important in patients
with ALD, as abstinence can prevent the advent of
[4,5]
complications and improve prognosis . In a cohort
of 466 patients with ALD cirrhosis, 1-year mortality
was 17% in the absence of baseline complications,
progressively increasing to 20%, 29% and 64%
in the presence of variceal bleeding, ascites, and
[6]
encephalopathy, respectively . Abstinence improves
survival in patients with established ALD; in a study
including 283 patients with ALD cirrhosis and a 5-year
follow-up, a significant difference in survival between
abstainers and drinkers was demonstrated, with
[7]
corresponding rates of 63% and 45% respectively .
[8]
These data were confirmed by Verrill et al in a 7-year
follow-up of 100 patients with alcoholic cirrhosis.
The current “gold standard” for the assessment
of alcohol-related liver injury is histology, obtained
through liver biopsy. The histological examination
provides information about liver architecture, presence
and extent of steatosis, necroinflammation and
fibrosis. Nevertheless, it is an invasive procedure with
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some limitations. Firstly, it is subject to sampling errors
and intra and inter-observer interpretation variability,
mainly due to the small portion of liver examined.
Secondly, it is associated with patient discomfort and a
small but significant risk of severe complications, such
[9]
as hemobilia or bleeding .
Therefore, although liver biopsy remains essential
in selected cases, there has been a growing interest
in non-invasive methods for the assessment of liver
fibrosis.

LIVER FIBROSIS AND STAGING
ASSESSMENT
The fibrogenic process is a maladaptive wound-healing
response to a generic liver injury characterized by
excessive production and accumulation of collagen
and other extracellular matrix proteins by activated
[3,10]
hepatic stellate cells and portal fibroblasts
. When
an imbalance between extracellular matrix production
[11]
and degradation occurs, fibrosis progresses .
In ALD, fibrosis begins in the perivenular regions
and extends to portal tracts, leading to the formation
of central-portal or portal-portal bridging fibrosis. If
the alcoholic injury persists, fibrosis and hepatocyte
regeneration result in nodule formation and finally in
[10]
cirrhosis .
Histological examination estimates fibrosis by
using a semi-quantitative “staging” scoring system
that takes into account both fibrosis and architectural
[12,13]
changes
. Currently different histological semiquantitative scoring system are available, such as the
Ishak and METAVIR scores for viral hepatitis or the
Brunt and Kleiner score for non-alcoholic fatty liver
disease. These classification systems use numerical
categorical labels to describe histological features
such as steatosis or necroinflammation. One of their
major limitations is the assignment of fixed numerical
scores to continuous histological variables, so that
the numbers provide more a descriptive feature
rather than an actual measurement. Nevertheless,
there is no direct correlation of these scoring labels
[12]
with the amount of fibrosis . This limitation is
reflected in the development and evaluation of noninvasive fibrosis markers, where the continuous value
provided by the non-invasive fibrosis test is used
for the diagnosis of the semi-quantitative stage that
describes both architecture and distribution of fibrosis,
and thus probably results in a higher number of
misclassifications (Table 1).
Recently, a quantitative method of measuring
fibrous tissue, through digital image analysis of the
proportion of collagen in liver tissue, namely collagen
[12-14]
proportionate area (CPA), has been developed
.
CPA is a direct measure of the amount of fibrosis in the
liver and could be better used for the validation of noninvasive fibrosis markers but also for the evaluation of
future anti-fibrotic treatment.
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are required.

Table 1 Non-invasive serum tests for the assessment of liver
fibrosis and corresponding stages of alcoholic liver disease
diagnosed
Test
AST:ALT ratio
HA
PGA
PGAA
FibroTest®

FibrometerA®
FIB-4
Hepascore®
APRI
ELF test™
Forns index

Variables

ALD stage
assessed

ALT, AST
HA
PT, GGT, apolipoprotein-A1
PT, GGT, apolipoprotein-A1,
a2-macroglobulin
Haptoglobin, a2-macroglobulin,
apolipoprotein-A1, bilirubin,
GGT
Age, weight, glucose, AST, ALT,
PLT count, ferritin
Age, AST, ALT, platelet count
Age, sex, bilirubin, GGT, a2macroglobulin, HA
AST, platelet count
HA, PIIINP, TIMP-1
Age, platelet count, total
cholesterol, GGT

≥ F1, F4

Class Ⅰ serum biomarkers or direct fibrosis
tests: Class Ⅰ biomarkers reflect the products
derived from the turnover of the extracellular matrix
during the fibrogenic process. During this process,
there is a consistent increase in the serum levels of
fibrogenic cytokines (e.g., tumour-growth factor β),
extracellular matrix components [e.g., hyaluronic acid
(HA)], degradation products (e.g., procollagen Ⅳ C
peptide), and enzymes involved in these processes
[15]
(e.g., tissue inhibitor of metalloproteinases TIMP-1) .
Such biochemical tests are currently performed
in designated laboratories and are usually part of
complex panels.

F4
F4

≥ F3, F4

≥ F3, F4
≥ F3
≥ F3, F4

IMAGING TECHNIQUES

≥ F2, F4
≥ F3, F4
≥ F3, F4

ALD: Alcoholic liver disease; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; PT: Prothrombin time; GGT: γ-glutamyl
transpeptidase; PLT: Platelets; PIIINP: Terminal peptide of procollagen Ⅲ;
TIMP-1: Tissue inhibitor of metalloproteinase 1; HA: Hyaluronic acid.

NON-INVASIVE FIBROSIS TESTS
A diversified set of both serum and imaging potential
markers has been developed for the non-invasive
assessment of liver fibrosis. Serum biomarkers are
classed as indirect (class Ⅱ) or direct (class Ⅰ). The
development of advanced imaging technique has
led to the availability of additional tools to stage liver
fibrosis. The advantages of these new methods are
the widespread availability, the non-invasiveness and
the high reproducibility. Therefore, when validated as
sufficiently accurate, they represent a perfect tool for
risk stratification, staging fibrosis and long-term followup of patients.

serum biomarkers

Class Ⅱ serum biomarkers or indirect fibrosis
tests: Class Ⅱ biomarkers consist of routinely
performed serological tests, which evaluate common
altered liver parameters, such as transaminases,
platelet count or albumin. They are not surrogate
markers of matrix turnover or the fibrogenic process
in the liver, but rather reflect hepatic function or
inflammation. They are usually combined into score
systems or panels where other demographic features
are included, such as presence of diabetes or age,
[15-17]
in order to better classify fibrosis stages
. These
panels have a high and a low cut-off for the diagnosis
of a specific fibrosis stage, in order to minimize
the number of false positive and false negative
respectively. Therefore, a number of patients fall in the
“indeterminate zone” between the two thresholds, so
that additional investigations to classify such patients
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Ultrasound, CT and MRI can only detect the pre
sence of hepatic steatosis or signs of cirrhosis and
portal hypertension, with little contribution to the
identification of patients with less advanced stages
of fibrosis. Therefore, in recent years new imaging
techniques have been developed in order to overcome
this limit and emerging data are accumulating,
particularly in viral hepatitis. The architectural changes
in the liver driven by inflammation and deposition of
fibrotic tissue lead to alterations in the microstructure
reflected by an increase in the liver stiffness. This can
be measured by using elastography principles, which
are based on the propagation of a mechanical share
wave through the liver parenchyma; the propagation
velocity reflects the liver stiffness. Moreover, MRI
technique also adapted to assess hepatic fibrosis by
modifying phase-contrast imaging sequence to detect
the shear waves within the liver.
®
Transient elastography (TE) or FibroScan (Echosens;
Paris, France) was the first imaging modality used
to detect liver fibrosis. It is an ultrasound-based
technique that uses an ultrasonic transducer probe (5
MHz), which emits low-frequency vibrations into the
liver, creating a propagating shear wave. The latter
is detected by a pulse-echo acquisition, which then
calculates its velocity. The results are expressed in
Kilopascals (kPa) and the final value is the mean of
ten valid measurements. In order to ensure a reliable
determination of liver stiffness, an interquartile range
for measurements within 30% and ratio of success
[18]
rate of measurements > 60% are required . Liver
stiffness is measured in a volume of approximately 1
cm wide and 4 cm long, corresponding to nearly 1/500
of the whole liver volume, thereby representing a
sample 100 times greater than the one obtained from
a liver biopsy.
The results range from 2.5 to 75 kPa, however a
validation of exact stiffness cut-offs for specific fibrosis
[19]
stages is still lacking . Liver stiffness cut-offs for
the diagnosis of extensive fibrosis or cirrhosis could
be different according to the cause of the underlying
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liver disease, possibly because liver stiffness mainly
reflects the amount of liver fibrosis without taking into
consideration its distribution within the liver, which the
[20]
fibrosis staging systems are based on .
®
Fibroscan has important limitations that need to
be taken into account. Firstly, it is technically difficult in
patients with visceral obesity, elevated BMI or narrow
rib interspaces. Secondly, stiffness values are artificially
increased in the presence of congestive heart failure,
acute hepatitis, infiltrative liver disease like amyloidosis
or if the measurement is performed post-prandially. In
[21]
a 5-year prospective study by Castéra et al , which
included 13369 patients, the probability of failure
®
and/or unreliable results of Fibroscan was 18%; this
failure was independently associated with obesity, in
particular increased waist circumference, and limited
operator experience (< 500 examinations performed).
The rate of unreliable results is not taken into account
when the accuracy of TE is reported in studies, thereby
resulting in an overestimation of its performance. A
new XL probe for obese patients results in different
stiffness cut-offs than the M probe and is still under
going validation.
Acoustic radio force impulse (ARFI) evaluates
the elastic properties of a hepatic region of interest
while performing a real-time B-mode conventional
hepatic ultrasonography, so that large blood vessels
or ribs could be avoided. The elastography system
is directly integrated on a standard ultrasonography
TM
device (Acuson 2000/3000 Virtual Touch Tissue
Quantification, Siemens Healthcare, Erlangen,
Germany) and short acoustic high-intensity impulses
with a fixed frequency of 2.67 MHz are sent into
the tissue inducing a tissue displacement and the
propagation of shear waves away from the region of
excitation. The propagation velocity of these shear
waves is expressed in m/s and correlates to the tissue
stiffness. The tissue displacements are inversely
proportional to the stiffness of the tissue, so that a
stiffer region of tissue exhibits smaller displacements
[22]
than a more compliant region . A high correlation
®
between ARFI elastography and Fibroscan in
[23]
staging of liver fibrosis has been demonstrated .
ARFI performance seems not to be affected by the
presence of hepatic steatosis, whereas the influence
of the inflammatory activity in the liver has been
[24]
confirmed .
Supersonic Shear Imaging (SSI), also named
ShearWave™ elastography, is a new technique based
on the measurement of the velocity of a local shear
wave through soft tissues. It uses an ultrasound
transducer (Aixplorer, Supersonic Imagine, Aix-enProvence, France), which emits a series of pulse waves
at increasing depths, using a very wide frequency
band ranging from 60 to 600 Hz. By generating a realtime colour mapping of the elasticity of the tissue
explored coupled with a B-mode image, SSI provides
a quantitative imaging of the tissue elasticity. The final
value is the average the measurement obtained by
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selecting the region of interest by using both B-mode
[25,26]
and SWE images
. Unlike Fibroscan, there are no
established quality criteria for measurements using
ARFI or SSI.
Magnetic resonance elastography (MRE) combines
images produced by a traditional magnetic resonance
(MR) system with a modiﬁed phase contrast technique
able to depict the propagation of acoustic shear waves
generated by a pneumatic driver. Elasticity values are
expressed in KPa and are obtained as mean values
[27]
measured in a region of interest within the liver .
This technique is still undergoing validation and is not
used in routine clinical practice.

NON-INVASIVE ASSESSEMENT OF LIVER
FIBROSIS IN ALD
Even if data are accumulating on the use of noninvasive tests for the assessment of liver fibrosis
in ALD, nevertheless a small number of studies is
currently available on such patients compared to
other causes of liver disease. Therefore, although noninvasive fibrosis tests have greatly reduced the need
for liver biopsy, particularly in patients with HCV, the
evidence is still scant in ALD (Table 2).

Serum markers

Aspartate aminotransferase (AST)/alanine amino
transferase (ALT) ratio includes AST and ALT. Values
> 1, and especially > 2, are highly suggestive of an
alcoholic aetiology of liver disease or the presence of
[28,29]
cirrhosis
.
The first serum panel used and validated for the
detection of cirrhosis among drinkers is the PGA index,
which consists of prothrombin index (PT), gamma
[30]
glutamyl transferase (GGT) and Apolipoprotein A1 .
Subsequently α2 macroglobulin has been added to
form the PGAA index. PGAA was tested in a cohort
of 525 alcoholic patients with different histological
stages of fibrosis and performed better than PGA
in detecting significant fibrosis or cirrhosis (correct
classification in 70% of PGAA and 65% of PGA, P <
0.001). The derived PGAA cut-offs for excluding or
diagnosing cirrhosis were ≤ 3 and ≥ 9 respectively.
Moreover, in a sub-analysis of asymptomatic patients (n
= 316), a PGAA cut-off of 7 had a sensitivity of 89%
and specificity of 79% for the diagnosis of cirrhosis,
suggesting a potentially important role in detecting
[31]
early cirrhosis among drinkers .
APRI (AST-To-platelet ratio index) includes AST
and platelet count as variables. It is calculated as (AST/
9
upper limit of normal range)/platelet count (10 /L) X
[32]
100. Wai et al
developed this index in a cohort of
270 HCV mono-infected patients and showed than
an APRI cut-off of < 1.0 excluded cirrhosis with a
negative predictive value of 98%, whereas a score >
2 was predictive of cirrhosis with a positive predictive
value of 93%. On the other hand, cut-offs of < 0.5
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Table 2 Non-invasive serum tests to diagnose fibrosis in patients with alcoholic liver disease and corresponding diagnostic indexes
Test

Cut-offs

PGA

<2
>9
PGAA
<3
> 12
Hyaluronic acid, µL > 55
> 60
> 100
> 250
APRI
< 0.5
> 1.5
<1
>2
FIB-4
< 1.45
> 3.25
FibroTest®
< 0.3 (0.3-1.581)
> 0.7 (0.7-1.01)
®
FibroMeter
NA
ELF test™
< 0.431
> 9.5
Hepascore®
NA
Forns
NA

F3

F4

Sensitivity

Specificity

AUROC

Sensitivity

Specificity

AUROC

NA
NA
NA
NA
83.0%
NA
NA
NA
NA
13.2%
NA
9.4%
NA
NA
84.0%
55.0%
91.8%
93.3%
74.4%
NA
NA

NA
NA
NA
NA
69%
NA
NA
NA
NA
77.6%
NA
96.6%
NA
NA
66%
93%
92.3%
100%
92.4%
NA
NA

0.84
NA
0.86
NA
NA
NA
NA
NA
NA
0.43-0.72
NA
NA
0.7
0.7
0.79
0.83
0.82-0.882
0.94
NA
0.76-0.832
0.38

0%
86%
NA
NA
NA
100%
89%
100%
NA
NA
NA
16.9%
NA
NA
100%
91%
91.8%
93.3%
74.4%
NA
NA

83%
100%
NA
NA
NA
60%-86%2
87%
69%
NA
NA
NA
86.4%
NA
NA
50%
87%
92.3%
100%
92.4%
NA
NA

NA
0.89
NA
0.83
NA
NA
NA
0.78
NA
NA
NA
0.56-0.792
0.8
0.8
0.84
0.94
0.85-0.942
0.94
NA
0.76-0.922
0.38

1

A single cut-off has not been validated; 2A single value has not been proposed. NA: Not available; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; AUROC: Area under receiver operator characteristic curve; GGT: γ-glutamyl transpeptidase; PLT: Platelets; PT: Prothrombin time;
PIIINP: Terminal peptide of procollagen Ⅲ; TIMP-1: Tissue inhibitor of metalloproteinase 1; APRI: Aspartate aminotransferase to platelets ratio; ELF:
Enhanced liver fibrosis.

and > 1.5 excluded and confirmed the presence
of significant fibrosis (METAVIR F2), respectively.
Conversely, poorer results have been found in patients
with ALD, probably due to the direct effect of alcohol
[33]
on platelet count and AST . In a cohort of 507
patients with ALD, APRI values of > 1.5 had sensitivity
and specificity of 13.2% and 77.6% respectively for
the detection of significant fibrosis, and 16.9% and
86.4% respectively for the diagnosis of cirrhosis at a
cut-off of 2, thus suggesting a limited utility in clinical
[33]
practice . The relatively poor diagnostic performance
of APRI was confirmed in a comparative study of
TE and non-invasive serum tests in a cohort of 103
alcoholic patients. APRI yielded the lowest AUROC at
0.56, while FibroTest and PGAA had AUROCs of 0.84
[34]
and 0.83 respectively .
The Forns index is based on four routine clinical
variables: age, platelet count, cholesterol levels and
GGT. It has been developed to predict advanced
fibrosis in a cohort of 476 chronic C hepatitis
[35]
patients . Both APRI and Forns scores showed low
performance in detecting both advanced fibrosis and
cirrhosis in a cohort of 214 patients with ALD, with
AUROCs of 0.38 and 0.59 for the former and 0.67 and
[36]
0.38 for the latter, respectively . Similarly, in a cohort
of 49 patients with ALD, TE was significantly better
for diagnosing advanced fibrosis than APRI and Forns,
with corresponding AUROCS of 0.766, 0.611 and
[37]
0.648 .
The performance of single direct serum markers
has also been studied in patients with ALD. Of them,
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more data is available on HA. In a systematic review
[38]
by Parkes et al , there were 15 identified studies
on HA in ALD, of which only 7 reported cut-offs
for the identification of severe fibrosis or cirrhosis.
Nevertheless, the number of participants was small
(range n = 70-247) and varying cut-offs for the
diagnosis of cirrhosis were provided (60-300 µg/l).
Sensitivity and specificity ranged from 87%-100%
and 60%-89%, while only 4 studies provided AUROC
values (median 0.79, range 0.69-0.93). Overall,
HA was better at excluding severe fibrosis/cirrhosis
rather than confirming it, and better in the detection
of cirrhosis compared to milder degrees of fibrosis. In
[39]
particular, in the study of Plevris et al
including 70
alcoholic patients, a threshold of HA > 100 µg/l had
a 89% specificity and 87% sensitivity for diagnosing
cirrhosis, with the specificity increasing to 96% for cutoffs of > 300 µg/l, thus reliably ruling out cirrhosis
despite the small number on patients considered.
[40]
Conversely, Tran et al
considered a lower threshold
of HA (60 µg/l) in 146 heavy drinkers and showed
a sensitivity of 100% and a specificity of 86% for
the detection of cirrhosis. These data suggest that
HA could be used as a screening test in patients
who abuse alcohol in order to exclude advanced
liver disease, provided that a standardized cut-off is
[41]
adequately validated. Conversely, Lieber
evaluated
the performance of TIMP1, P3NT and HA among other
markers, in a cohort of 247 pre-cirrhotic alcoholic
patients. The study reported poor accuracy of all these
markers in the prediction of advanced fibrosis, with
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corresponding AUROCs of 0.68, 0.67 and 0.69. Plasma
YKL-40 was tested in 146 heavy drinkers and its levels
increased in parallel with the severity of fibrosis and
inflammation. Considering a threshold of 330 mcg/l,
YKL-40 had a sensitivity of 50.8% and a specificity
[42]
of 88.5 for the detection of advanced fibrosis .
Therefore, direct serum markers in isolation are
inadequate for the diagnosis of pre-cirrhotic fibrosis
stages.
A non-commercial panel of indirect and direct noninvasive markers was recently developed to stratify
the risk of advanced liver disease and liver-related
complications in a cohort of 1038 patients with ALD
in primary care. The panel consisted of HA, P3NP and
platelet count, and classified patients as high risk (red
group), intermediate-risk (amber group) and lowrisk (green group). After a mean follow-up of 46 mo,
no patients in the green group decompensated or
died, compared to 3.3% and 14% of deaths in the
amber and red group respectively. The AUROC of this
panel was 0.78 and 0.81 for diagnosing any degree
or significant fibrosis respectively. Since the red and
amber groups had a significant reduction in survival
compared to the green one, the panel could be used
as a screening test in primary care to guide further
[43]
secondary care referrals .
®
FibroTest consists of total bilirubin, haptoglobin,
GGT, α2 macroglobulin and Apolipoprotein A1. ImberBismut firstly tested its accuracy in 339 HCV-infected
patients and reported an AUROC of 0.837 for the
detection of significant fibrosis. In a cohort of 221
®
patients with ALD, FibroTest values were significantly
different among distinct stages of liver fibrosis (except
between F0 and F1). In contrast, HA values only
differed between advanced stages of fibrosis and
®
F0-F2. Moreover, for ≥ F2, the AUROCs of FibroTest
and HA were 0.84 and 0.79 respectively, while for the
diagnosis of cirrhosis the corresponding AUROC were
[44]
comparable at 0.95 and 0.93 respectively .
®
HepaScore combines age, gender, bilirubin,
GGT, HA, and gamma2-macroglobulin into a score
with values ranging from 0 to 1. In a cohort of 512
®
HCV patients, HepaScore had acceptable diagnostic
accuracy both for significant fibrosis (AUROC = 0.81)
[29,45]
and cirrhosis (AUROC = 0.88)
.
®
The FibroMeter derives from the combination
of several serum markers, such as platelet count,
prothrombin index, transaminases, GGT, α2 macro
globulin, HA, blood urea, ferritin, age and sex. It
comprises six different tests, one for traditional
histological staging and one for fibrosis quantification
for each of ALD, NAFLD and viral hepatitis, showing
[46]
the highest performance in chronic C hepatitis .
In a cohort of 478 patients, of which 95 had ALD,
®
Fibrometer showed a better AUROC (0.96) in
diagnosing F2-F4 fibrosis stage in ALD, compared to
®[47]
Forns index, APRI and FibroTest
.
®
In a study by the group that developed FibroTest ,
its diagnostic accuracy was compared to that of
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®

®

FibroMeter and Hepascore in 218 patients with
ALD. Significant correlations between fibrosis stages
and each serum panel were found with no significant
differences in their AUROC for the diagnosis of
advanced fibrosis and cirrhosis, with corresponding
values of 0.83 and 0.92-0.94. Nevertheless, in the
®
multivariate analysis, FibroTest was the only factor
independently associated with both advanced fibrosis
®
and cirrhosis, whereas Fibrometer was independently
associated only with cirrhosis. Interestingly, the
combination of these indexes did not improve the
®
diagnostic performance of FibroTest . Moreover, all
three scores were predictors of 5 and 10 year overall
survival and non liver-related deaths equally well
correlated with histological semi-quantitative staging.
®
Once again, at multivariate analysis only Fibrotest
remained an independent prognostic factor of liver[36]
related mortality .
[48]
ELF™ score was developed by Rosenberg et al
in 1021 patients with chronic liver disease of mixed
aetiologies, showing a high accuracy for the detection
of significant fibrosis. Importantly, it performed well
in either hepatitis C, NAFLD or ALD; although only 64
patients had ALD in the initial cohort, the sensitivity
and specificity for diagnosing significant fibrosis were
93% and 100% respectively. These promising results
need further validation in a larger cohort of patients
with ALD.
All proprietary serum panels will require independent
validation in ALD by groups not involved in their
development.
Imaging techniques: Data on transient elastography
(TE) are limited in patients with ALD compared to
other aetiologies of liver disease. Mueller has shown
that the presence of steatohepatitis an/or ongoing
alcohol abuse can result in falsely elevated stiffness
measurements and suggested that TE should not be
performed in patients with AST > 100 IU/L who are
[49,50]
actively drinking
.
Similar to other aetiologies of liver disease,
there are no validated cut-offs for the diagnosis of
specific histological stages in patients with ALD.
[34]
Nguyen-Khac
studied 103 patients with ALD and
showed that stiffness cut-off values of 7.8 and 11
kPa were predictive of ≥ F2 and ≥ F3 respectively,
with corresponding sensitivity 80% and 86.7% and
specificity 90.5% and 80.5%, whereas a cut-off of >
19.5 kPa was suggestive of cirrhosis. Similar results
were reported in a study of 711 patients with chronic
liver disease, of whom 89 (12.5%) had ALD, where a
cut-off value of 17.6 kPa had a sensitivity of 77% and
[51]
a specificity of 97% for the detection of cirrhosis . In
another cohort of 147 alcoholic patients, the AUROC
for patients with advanced fibrosis and with cirrhosis
were 0.94 and 0.87 respectively. Cut-off values of 12.9
kPa and 22.6 kPa were optimal for the diagnosis of ≥
[52]
F3 and F4 respectively .
A Cochrane meta-analysis retrieved only 7 studies
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on patients with ALD with a total of 834 patients .
Although stiffness cut-offs varied among studies and
were not defined a priori, the most commonly used
cut-offs for the detection of advanced fibrosis and
cirrhosis were 9.5 kPa and 12.5 kPa respectively. At
these values, TE had a sensitivity of 92% and 95%,
and specificity of 70% and 71% for the diagnosis of
F3 and F4 respectively. Only one study reported on F1,
therefore the performance and cut-off values of TE in
mild disease are yet to be established. The wide range
of cut-off values for diagnosing specific fibrosis stages
significantly affected the specificity of TE. Therefore,
the diagnostic accuracy of TE is lower in ALD than in
[53]
other causes of liver disease, particularly HCV . As
[50]
previously suggested , TE was better in ruling out
rather than confirming advanced fibrosis and cirrhosis,
with negative likelihood ratios of 0.11 and 0.07
respectively. Before TE can be used in clinical practice,
cut-off values need to be sufficiently validated both in
patients who continue to abuse alcohol and abstainers.
In order to improve the performance of TE, its
combination with FIB4 has been tested in a cohort of
418 patients, showing an improvement in the accuracy
in detecting advanced liver fibrosis compared to the
performance of each test alone. Indeed, the new score
had a sensitivity of 92% and a specificity of 78%
[54]
compared to 87% and 76% of TE alone . No further
data on the combination of non-invasive tests are
specifically available in ALD.
ARFI has also been studied in patients with ALD. In
a cohort of 99 alcoholic patients, ARFI was significantly
better than APRI, with AUROC of 0.875 and 0.893 for
diagnosing ≥ S3 and S4 stages of the Scheuer scoring
system. The optimum cut-off values for ARFI were
1.40 m/s for S3 and 1.65 m/s for S4. Interestingly,
cut-off values decreased in the presence of normal
transaminases, suggesting an influence of liver inflam
[55]
mation on ARFI values similar to TE .
[26]
A recent study by Cassinotto et al
compared
®
the performance of Fibroscan , ARFI and SSI in 349
patients with mixed aetiology of liver disease using
histology as the gold standard. It demonstrated a
superior accuracy of SSI for diagnosing significant
fibrosis (≥ F2) compared to ARFI and for diagnosing
®
severe fibrosis (≥ F3) compared to Fibroscan .
Although there were patients with ALD included, no
separate analysis was performed according to the
aetiology of liver disease. Nevertheless, the comparative
accuracy of the technique is not expected to differ
according to the underlying aetiology of liver disease.
[56]
Bensamoun et al
compared the diagnostic
®
accuracy of MRE and Fibrometer in 90 patients
with ALD, using TE as the gold standard for fibrosis
assessment. The analysis revealed that MRE per
formed well in the diagnosis of ≥ F1, ≥ F3 and F4,
with corresponding AUROCs of 0.94, 0.98 and 0.99;
®
conversely, Fibrometer could only accurately detect
cirrhosis (F4) with an AUROC of 0.95, with lower
values for ≥ F1, ≥ F2 and ≥ F3 respectively (0.63,
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0.69 and 0.83). As TE has a high number of false
positive reading in patients with ALD, it is difficult to
interpret the results of this study as liver biopsy was
not performed.

CONCLUSION
Currently, although several non-invasive fibrosis
markers have been suggested as alternatives to
liver biopsy in patients with ALD, none has been
sufficiently validated. In contrast to other aetiologies
of liver disease, most notably HCV, data are scarce
and derive from small cohorts of patients. Indeed, two
separate cost-effectiveness analyses of non-invasive
fibrosis tests in ALD concluded that such tests cannot
be currently recommended for the investigation and
[57,58]
management of such patients
. This was based
on both the lack of specific treatment for ALD other
than abstinence and the limited data on the diagnostic
accuracy of non-invasive fibrosis tests. As described
in other liver diseases, the diagnostic accuracy of noninvasive tests in ALD is acceptable for the diagnosis of
significant fibrosis or cirrhosis but not for lesser fibrosis
stages.
Simple panels that rely on AST, such as APRI and
AST/ALT ratio, are of reduced utility in ALD due to
the higher AST values in such patients that do not
necessarily correlate with severe fibrosis. Proprietary
panels such as Fibrotest, Fibrometer and ELF score
need further validation. HA has been used either alone
[43]
or in non-proprietary panels , however the cut-offs
used for the diagnosis of advanced fibrosis and/or
cirrhosis vary across studies and therefore cannot be
applied in everyday clinical practice.
The most widely evaluated non-invasive test is
Fibroscan, however its specificity is suboptimal and can
only be used for ruling out the presence of ≥ F3 or
cirrhosis. Therefore, its use as a community-screening
tool in patients who abuse alcohol should be further
explored. Indeed, the use of non-invasive tests could
be tailored to first tier screening of patients at risk,
in order to diagnose early patients with progressive
liver disease and offer targeted interventions for the
prevention of decompensation.
In conclusion, even though evidence supporting the
reliability and utility of non-invasive assessment of liver
fibrosis in ALD is accumulating, sufficient validation of
these tests is still lacking, whereas their accuracy for
the detection of earlier stages of fibrosis needs to be
improved.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in the indus
trialized world. The prevalence of NAFLD is increasing,
becoming a substantial public health burden. NAFLD
includes a broad spectrum of disorders, from simple
conditions such as steatosis to severe manifestations
such as fibrosis and cirrhosis. The relationship of
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NAFLD with metabolic alterations such as type 2
diabetes is well described and related to insulin resis
tance, with NAFLD being recognized as the hepatic
manifestation of metabolic syndrome. However, NAFLD
may also coincide with endocrine diseases such as
polycystic ovary syndrome, hypothyroidism, growth
hormone deficiency or hypercortisolism. It is therefore
essential to remember, when discovering altered liver
enzymes or hepatic steatosis on radiological exams,
that endocrine diseases can cause NAFLD. Indeed,
the overall prognosis of NAFLD may be modified by
treatment of the underlying endocrine pathology. In
this review, we will discuss endocrine diseases that
can cause NALFD. Underlying pathophysiological
mechanisms will be presented and specific treatments
will be reviewed.

Marino L, Jornayvaz FR. Endocrine causes of nonalcoholic fatty
liver disease. World J Gastroenterol 2015; 21(39): 11053-11076
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i39/11053.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i39.11053

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
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common liver disease in the Western world. The term
“nonalcoholic steatohepatitis” (NASH) was introduced
by Ludwig in 1980 following observations of patients,
mainly obese women, with histological evidence of
alcoholic hepatitis on liver biopsy without a history of
[1]
alcohol abuse . The term “NAFLD” was introduced
in 1986 to define a spectrum ranging from hepatic
steatosis to fibrosis and cirrhosis.
Given the strong association of NAFLD with
metabolic syndrome and the worldwide epidemic
of obesity, the prevalence of NAFLD is constantly
increasing. In the United States, one-third of the
overall population has NAFLD and 2%-5% have
[2]
NASH . Within the NAFLD spectrum, only patients
with histologically proven NASH develop progressive
liver disease. Progression is more likely in the setting
of diabetes, insulin resistance (IR) and other pre[3]
existing conditions .
As we will discuss in this review, the physio
pathological mechanism common in both NAFLD
and many different endocrine diseases is IR. For
this reason, it is important for endocrinologists and
gastroenterologists to remember that NAFLD and
endocrine diseases may coexist (Figure 1).

EPIDEMIOLOGY
In the United States, the prevalence of NAFLD
[2]
varies between 10% and 35% , depending on the
population studied and the modality used for diagnosis.
Ultimately, liver biopsy is required to make a definitive
diagnosis of NASH, and estimates from biopsy series
indicate that the prevalence of NASH in the United
States is between 2% and 5%. NAFLD linked to
metabolic syndrome is the most common cause of
NASH, but NAFLD may be found in association with
other diseases (e.g., Wilson disease, disorders of lipid
metabolism, etc).
NAFLD is not unique to Western countries. NAFLD
[4]
is also prevalent in developing countries , and data
from the rest of the world suggest that the prevalence
of NAFLD varies between 6% and 35%, with a
[3,5]
median of 20% . Most studies indicate that NAFLD
is usually associated with metabolic syndrome, but
studies in Asian countries also report NAFLD in non[6-9]
obese individuals . However, these findings may be
explained by the fact that, for a given body mass index
(BMI), body fat content is usually higher in Asians than
[10]
in westerners .
Several cohorts have shown that NAFLD prevalence
depends on ethnicity. Notably, Hispanics have the
highest prevalence of NAFLD, hepatic steatosis, and
elevated aminotransferases levels, followed by nonHispanic whites, whereas African Americans have
[5]
the lowest prevalence . However, in the absence of
liver biopsies, the true prevalence of NAFLD cannot
be accurately estimated, and it is therefore difficult to
draw clear conclusions from these analyses. Moreover,
the recent MESA (Multi-Ethnic Study of Atherosclerosis)
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[11]

found no association between ethnicity and NAFLD .
NAFLD may be affected by genetic or environmental
factors. Notably, 38% of Asian Indian men with the
apolipoprotein C3 gene variant alleles C-482T and
T-455C have NAFLD (compared to 0% amongst
wild-type homozygotes). An association between
these variant alleles, NAFLD and IR was therefore
[12]
reported . Recently, a nonsynonymous genetic variant
(rs58542926) within the transmembrane 6 superfamily
member 2 (TM6SF2) gene of unknown function was
[13]
associated with the severity of NAFLD .
In summary, estimates of the prevalence of NAFLD
should be considered with caution, as they may vary
depending on the criteria used for diagnosis.

DIAGNOSIS
NAFLD encompasses a spectrum of diseases of
different etiologies ranging from fat accumulation
(steatosis) to inflammation and fibrosis (NASH)
and finally cirrhosis. Formally, a diagnosis of NAFLD
requires a liver biopsy with a lipid content of at least 5%
of hepatocytes. In 20%-25% of cases, steatosis will
evolve to NASH and, in turn, 20% of these patients will
[14]
develop cirrhosis . We will briefly discuss the different
diagnostic methods.
Liver biopsy is the current gold standard for NASH
[5]
diagnosis and staging , but the method is invasive
and cannot be used in population-based studies. Only
biopsy can assess inflammation and fibrosis. However,
sampling variability may alter the accuracy of the
[15]
diagnosis . Several noninvasive diagnostic methods
for NAFLD and NASH have been introduced recently.
Notably, imaging techniques including proton magnetic
1
resonance spectroscopy ( H-MRS), ultrasonography,
computed tomography (CT), and magnetic resonance
[16] 1
imaging (MRI) can be used . H-MRS is considered
the most accurate noninvasive method for measuring
liver fat content. Ultrasonography is the most widely
used method but is relatively insensitive, as it can
detect steatosis only when liver fat content exceeds
[17]
33% .
Other studies have used elevations in the liver
enzymes alanine aminotransferase (ALT) and aspartate
[18-22]
aminotransferase (AST) as indicators of NAFLD
.
However, these measurements are neither sensitive
[23]
nor specific . Indeed, up to 70% of subjects with
[17]
NAFLD have normal levels of ALT and AST .
Different scoring methods have been developed
[24]
for NAFLD screening, such as the Fatty Liver Index
[25]
and the Lipid Accumulation Product . These indices
are easy to use, applicable in community healthcare
settings, and could contribute to better assess NAFLD
prevalence. A study published by the LIDO study group
tried to validate five NAFLD scoring methods (fatty liver
index, NAFLD liver fat score, hepatic steatosis index,
visceral adiposity index and triglyceride × glucose
index) in patients with biopsy-confirmed NAFLD. All of
these methods diagnosed hepatic steatosis but failed
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Pituitary gland: ↑ glucocorticoids,
↑ prolactin, ↓ GH
Bone:
osteoporosis,
vitamin D

Thyroid: hypothyroidism: ↓ T4/T3

Adrenal glands:
↑ glucocorticoids,
↑ androgens,
↑ RAAS

Pancreas: insulin resistance, type 2 diabetes

GI tract: gut microbiota

Ovaries: ↑ or ↓ estrogens, ↑ androgens

Testis: ↓ testosterone

Adipose tissue:
obesity, adipokines

Figure 1 Endocrine diseases associated with nonalcoholic fatty liver disease. GH: Growth hormone; RAAS: Renin-angiotensin-aldosterone system; GI:
Gastrointestinal.
[26]

to quantify the severity .
More specific scoring methods using other bio
markers, such as α-2-macroglobulin, haptoglobin,
apolipoprotein a1, and γ-glutamyl-transferase, have to
be developed in order to better select patients for liver
[27]
biopsy .
Clinicians should consider NAFLD in a patient with
abnormal liver tests and at least one metabolic risk
factor. However, clinical features are nonspecific and
patients are usually asymptomatic until they progress
to liver cirrhosis.

PATHOGENESIS
Historically, liver injury is thought to be the result
of the ”two-hit hypothesis” involving IR and altered
adipokine production, resulting in oxidative stress and
[28]
apoptosis (Figure 2).
The “two-hit hypothesis” was first described by Day
[29]
et al
in 1998. The first hit represents accumulation
of triglycerides (TG) and free fatty acids (FFA) from
visceral adipose tissue in hepatocytes secondary to
IR. FFA are transported to organs including the liver
and undergo either β-oxidation in the mitochondria
or are stored as TG. TG stored in the liver come
principally from lipolysis of white adipose tissue, but
[30]
also from dietary lipids and de novo lipogenesis .
If an imbalance is present, excessive FFA flux and
accumulation induce hepatic IR.
Once hepatic steatosis is established, progression
to steatohepatitis involves a “second hit”, consisting
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of inflammation, mitochondrial dysfunction, enhanced
oxidative stress caused by reactive oxygen species,
lipid oxidation and production of adipokines resulting
[29]
in hepatocyte damage and fibrosis . Fatty liver is
[31]
susceptible to oxidative injury and lipid peroxidation .
[32]
In 2010 Tilg and Moschen introduced the “multiparallel hit” hypothesis to explain NAFLD pathogenesis.
This hypothesis stresses the importance of gut-derived
and adipose tissue-derived factors that promote liver
inflammation and fibrosis. This hypothesis, based
[33]
on reports that endoplasmic reticulum stress
and
cytokine-mediated stress can induce steatosis as well
as necroinflammation, suggests that multiple “hits”
[32]
act together in parallel in the development of NASH .
The role of the gut microbiota in this process will be
discussed below.
A more detailed discussion of NAFLD pathogenesis
[34]
and its link with IR can be found elsewhere .

Gut microbiota

14

The gastroenterological tract contains more than 10
microorganisms, including more than a thousand
bacterial species. The role of gut microbiota in the
pathogenesis of obesity is now being recognized. By
regulating liver fat deposition and energy homeostasis,
gut microbiota may also play a role in NAFLD path
ogenesis.
The liver is supplied primarily by the portal sys
tem and is therefore exposed to metabolites ori
ginating from intestinal bacteria (such as ethanol and
other volatile organic compounds) or the bacteria
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Obesity

Insulin
resistance
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Pro-inflammatory
cytokines: adipokines,
PAI-1, TNF-α, IL-6…

Pancreatic b-cell
lipotoxicity

↑ hepatic de novo lipogenesis
↑ lipolysis

Hepatic
accumulation
of TG

↑ FFA

FFA
peroxidation
First hit:
FFA/TG
accumulation

Second hit:
Hepatocyte damage
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HSC proliferation
and fibrosis
Necrosis
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Genetics
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Figure 2 Schematic summary of nonalcoholic fatty liver disease pathophysiology according to the “two-hit hypothesis”. VAT: Visceral adipose tissue; FFA:
Free fatty acid; TG: Triglycerides; PAI-1: Plasminogen activator inhibitor-1; TNF-α: Tumor necrosis factor α; IL-6: Interleukin 6; ROS: Reactive oxygen species; TLR-4:
Toll-like receptor 4; DAG: Diacylglycerols; ER: Endoplasmic reticulum; NASH: Non-alcoholic steatohepatitis; HCC: Hepatocellular carcinoma; PNPLA3: Patatin-like
phospholipase domain-containing protein 3; NF-kB: Nuclear factor-kappa B; JNK: c-Jun N-terminal kinases; HSC: Hepatic stellate cells.
[35]

themselves . The liver acts as a barrier between the
gut and the systemic circulation by removing toxins.
When Kupffer cells, the specialized macrophages in
the hepatic sinusoids, are impaired, or when the gutmucosal barrier is damaged by inflammation or portal
hypertension, a metabolic endotoxinemia results.
The high endotoxin level activates Kupffer cells and
hepatic stellate cells (HSC). Bacteria can also produce
lipopolysaccharides (LPS), which bind to Toll-like
receptor 4 (TLR-4) and induce the production of pro[36]
inflammatory cytokines , subsequently leading to
inflammation. These events then contribute to the
[37,38]
pathogenesis of obesity and NAFLD
.
Patients with biopsy-proven NAFLD have increased
gut permeability and small intestinal bacterial over
growth, which play an important role in the alteration
[39]
of hepatic fat metabolism . In obese children with
biopsy-proven NAFLD, expression of zonulin, a mo
dulator of intracellular tight junctions, is increased in
parallel with the severity of hepatic steatosis. However,
there was no significant correlation of plasma zonulin
concentrations with lobular inflammation, fibrosis or
[40]
NASH . These data have not been verified in adults.
Obese people have a different microbiota com
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position than lean people, with an increase in
[41,42]
Firmicutes and a 50% decrease in Bacteroidetes
.
This results in a change in short-chain fatty acids and
[43]
an increase in intestinal energy absorption . Patients
with NAFLD also have different microbiota, with less
Bacteroidetes and Lactobacilli and more Prevotella
[44]
and Porphyromonas compared to healthy controls .
However, these findings are controversial with incon
sistent data.
Together, bacterial overgrowth and increased
intestinal permeability contribute to NAFLD path
[39]
[45]
ogenesis . Mouzaki et al , in a prospective crosssectional study, assessed whether differences in gut
microbiota could be associated with the development
of NAFLD. The authors found that, independently of
diet and BMI, NASH patients contained a lower ratio of
Bacteriodetes to Prevotella than did healthy controls.
[46]
In contrast, Raman et al , in an observational
case-control study of obese patients with NAFLD
vs healthy controls, found that Bacteriodetes repre
sentation was similar between the two groups.
Interestingly, gut microbiota might contribute to the
[47]
development of NAFLD through ethanol production .
Further studies are needed to clarify whether gut
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microbiota contributes to NAFLD pathogenesis or if
representational differences are a result of the disease.
Nevertheless, gut microbiota affects the susceptibility
to NASH via metabolic endotoxinemia mediated by
bacterial ethanol production, alterations in choline
and bile acid metabolism, hepatocyte lipogenesis and
[43]
increased intestinal permeability .
Probiotics modulate intestinal flora and have
been proposed as a beneficial complement to NAFLD
[48]
treatment . Probiotics modulate gut microbiota,
reduce inflammation, increase epithelial barrier
function, and increase antibacterial substance pro
[35]
duction . A meta-analysis of four randomized clinical
trials showed that probiotic therapy decreases plasma
levels of aminotransferases, total cholesterol and HDL
cholesterol, and improves the Homeostasis Model
[49]
Assessment of insulin resistance (HOMA-IR) index .
However, these studies were conducted with small
group sizes without dietary control. The results should
therefore be considered with caution, and the use
of probiotics for NAFLD is not recommended at this
[50]
time .

PROGNOSIS
Studies based on histological data suggest that
only patients with NASH are at risk of disease
[27]
progression . Patients with NAFLD are, however,
prone to develop type 2 diabetes. In a Swedish cohort
study, most patients with NAFLD (78%) were dia
gnosed with diabetes or impaired glucose tolerance
at follow-up. Progression to liver fibrosis occurred in
41% of the patients and was associated with marked
[51]
IR and pronounced weight gain . A major prognostic
issue in NAFLD is hepatocellular carcinoma. Finally,
NAFLD is associated with cardiovascular diseases and
has emerged as a new cardiovascular risk factor (see
below).
Liver transplantation is the treatment for endstage liver disease. However, de novo NAFLD after
transplantation has been reported to be common: in
a retrospective study, 75% of the patients developed
fatty infiltration of the graft and 38% developed
[52]
NASH .

METABOLIC CONSEQUENCES:
CARDIOVASCULAR DISEASE
NAFLD increases the incidence of cardiovascular
disease (CVD) and is a predictor of CVD of other
[53]
risks factors . Accordingly to the review of Edens
[54]
et al , NAFLD is linked to the CVD risk profile. After
adjusting for cardiovascular risk factors, NAFLD is
independently associated with markers of subclinical
atherosclerosis such as impaired flow-mediated
vasodilation, increased carotid artery intima-media
[55]
thickness and arterial stiffness . NAFLD patients are
more likely than healthy individuals to have advanced
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high-risk coronary atherosclerosis, correlated with the
[56]
severity of hepatic fibrosis . Moreover, the presence
of hepatic fibrosis is predictive of cardiovascular
[57]
events . The coronary artery calcium score is often
used as a surrogate marker of coronary atherosclerosis
[58]
and is considered an independent predictor of CVD .
Fatty liver and HOMA-IR are each associated with
a high coronary artery calcium score (37.9% and
[59]
26.0%, respectively) . In the MESA study, NAFLD
was associated with high coronary artery calcium
scores and inflammation independently of obesity
[11]
and metabolic syndrome . Recently, in the “Hepatic
steatosis and cardiovascular disease outcomes” subanalysis of the Framingham Heart study including
3014 participants, there was a significant association
of hepatic steatosis with coronary artery calcium score.
However, there was a non-significant association
between hepatic steatosis and clinical CVD (nonfatal myocardial infarction, stroke, transient ischemic
[60]
attack, heart failure or peripheral arterial disease) .
Interestingly, the increase in cardiovascular events in
patients with NAFLD is almost always associated with
[61-63]
diabetes
. NAFLD is frequently associated with
dyslipidemia (high triglycerides, low HDL, high VLDL)
and increased levels of pro-inflammatory cytokines
[64]
which are atherogenic and promote the development
[65]
of CVD . Finally, hepatokines such as fibroblast
growth factor 21 (FGF21), fetuin-A and selenoprotein
[66]
P may also play a role in the development of CVD .

ENDOCRINE DISEASES ASSOCIATED
WITH NAFLD
Type 2 diabetes

NAFLD is more prevalent in patients with pre-existing
metabolic conditions than in the general population.
Specifically, type 2 diabetes and NAFLD have a
particularly close relationship. A cross-sectional study
of patients under 65 with type 2 diabetes found a
[67]
69% prevalence of ultrasonographic NAFLD , and
the prevalence varies from 30% to 70% in other
[68,69]
studies
. In an Indian cohort, 127 of 204 diabetic
patients displayed fatty liver on ultrasound. Among
these, 87% were diagnosed with NAFLD after a liver
[70]
biopsy . Therefore, the prevalence of NAFLD is higher
in patients with type 2 diabetes than in the general
population, IR being the central mechanism of both
diseases.
In addition to having a higher prevalence, liver
disease may be more progressive in patients with type
2 diabetes. Diabetic patients with elevated BMI are at
[71]
higher risk for fibrosis progression . Even without
[72]
diabetes, IR is a hallmark for cirrhosis . A significant
and independent association of degree of IR and stage
of fibrosis suggests that severe IR may contribute to
[14,73]
fibrosis development in NAFLD
. Consistent with IR,
patients with NAFLD have reduced insulin sensitivity
[74]
in muscle, liver and adipose tissue . Finally, glucose
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intolerance or type 2 diabetes is found in 20%-70% of
[75,76]
patients with NASH
.

Obesity

Here the prevalence of NAFLD ranges from 57% in
overweight individuals attending outpatient clinics to
[77-79]
98% in nondiabetic obese patients
. The median
prevalence of NASH in the obese population is 33%,
[79-81]
ranging from 10% to 56%
. Bariatric surgery
is becoming a frequent treatment option and intraoperative liver biopsies are now frequently performed.
[80]
For example, in a study by Boza et al , the pre
valence of NAFLD and cirrhosis in a cohort of obese
patients undergoing gastric bypass surgery was 63%
and 2%, respectively.
In obesity, visceral fat contributes to IR by liberating
[82]
FFA that accumulates in the liver . Hepatic fat content
is correlated with IR as well. In some studies, hepatic
fat content cancelled the correlation of visceral fat with
[83]
IR , but in other studies there was an independent
contribution of both visceral fat and IR to hepatic fat
[84]
content . Interestingly, perivascular and epicardial
lipid deposits are correlated with atherosclerosis and
[85]
metabolic syndrome . Moreover, epicardial lipids are
correlated with visceral fat, coronary artery disease,
presence of NAFLD, and even the severity of liver
[86,87]
fibrosis
.
Due to age-related changes in body fat distribution,
especially an increase in visceral fat, the prevalence of
[88]
NAFLD increases with age . Visceral adipose tissue
produces FFA and diverse adipokines involved in
NAFLD pathogenesis such as increased levels of tumor
necrosis factor-α (TNF-α), resistin, and interleukin-6
[89]
(IL-6) and decreased levels of adiponectin . Hyper
trophied adipocytes promote, via adipokine secretion,
accumulation of macrophages in the visceral fat. These
macrophages produce pro-inflammatory cytokines,
resulting in chronic inflammation that further exa
[90]
cerbates IR .
Altogether, these data reveal a central role of
obesity in the development of IR and NAFLD.
Adipokines: Adipokines are cytokines secreted by
adipose tissue that are involved in adipose home
ostasis and lipid metabolism. Many adipokines are
being studied as potential targets for new drugs.
Adiponectin, ghrelin and leptin are adipokines that
decrease IR, while TNF-α and IL-6 are cytokines that
[91]
enhance IR and, subsequently, NAFLD . However,
IL-6 can play either a pro- or an anti-inflammatory
[92,93]
role
.
Leptin: Leptin is a protein encoded by the ob gene
and produced mainly by adipocytes, but also by the
[94]
skeletal muscle, stomach, ovaries and liver . This
peptide plays an anorexigenic role in the regulation
of body weight, acting on the hypothalamus to
decrease appetite and increasing energy expenditure
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via sympathetic stimulation of several tissues. The
anti-lipogenic effect of leptin is mediated by lowering
the expression of sterol regulatory element binding
protein 1, which regulates genes involved in de novo
[95]
lipogenesis . Leptin down-regulates pre-proinsulin
transcription and insulin secretion, explaining why
[91]
leptin levels are high in insulin-resistant patients .
Leptin production is stimulated by pro-inflammatory
[96]
cytokines (e.g., IL-1, TNF-α) . Expression of leptin
in visceral adipose tissue is associated with NAFLD
[97]
features . Leptin participates in NASH not only via IR
but also perhaps in the regulation of HSC, contributing
[98]
to the development of hepatic fibrosis . In vitro,
[99]
leptin has a fibrogenic effect on HSC by an unknown
mechanism. Mice deficient in leptin signaling are obese
[100]
and have increased lipid accumulation in liver , and
leptin infusion in wild-type mice attenuates hepatic
[101]
steatosis and hyperinsulinemia
. In clinical studies,
leptin levels are elevated in patients with NASH and
[102]
correlate with fibrosis severity
. However, in some
studies this association disappears when leptin levels
are adjusted for variables such as age, gender, BMI
and hyperinsulinemia, all of which influence leptin
[14,103]
levels
.
Adiponectin: Adiponectin, an anti-inflammatory
cytokine, is produced predominantly by adipocytes at a
level inversely correlated with visceral fat content. Low
adiponectin levels are associated with IR and type 2
[104-107]
diabetes, dyslipidemia, hypertension, and NAFLD
.
In animal studies and in vitro, adiponectin exhibits an
anti-inflammatory effect by impairing NF-κB activity
and inhibiting TNF-α-induced expression of endothelial
adhesion molecules. Moreover, adiponectin decreases
[108-110]
LPS-induced TNF-α production
. Anti-oxidative,
anti-steatotic and anti-fibrotic effects have also been
[111]
demonstrated
. Indeed, disruption of adiponectin
receptors increases tissue triglyceride content,
[112]
inflammation, oxidative stress and IR . Adiponectin
can prevent lipid accumulation in patients with NASH
by increasing β-oxidation and by decreasing synthesis
[113]
of FFA in hepatocytes .
In human studies, high plasma levels of adiponectin
are correlated with a decreased risk of developing
[114]
type 2 diabetes
, and lower adiponectin levels
have been shown to be an independent risk factor
[115]
for NAFLD
. Adiponectin levels are correlated with
NAFLD progression and are therefore a prognostic
[116,117]
factor
.

Endocrine disruptors

Endocrine disruptors (EDCs) are becoming an im
portant health- and environment-related concern.
Recent studies indicated that exposure to bisphenol A
in utero increases the likelihood of adulthood hepatic
steatosis by altering hepatic β-oxidation capacity,
[118,119]
possibly through epigenetic mechanisms
.
EDCs (dioxins, phtalates, bisphenol A, persistent
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organic pollutants) may induce IR, either directly by
increasing oxidative stress or indirectly by altering gene
[120]
transcription, e.g., down-regulating adiponectin
.
For example, high bisphenol A levels are associated
[121]
with increased IR and hepatic steatosis
. However,
the time gap between fetal exposure and adult
disease manifestation makes the causal relationship
difficult to prove. A systematic review of observational
studies demonstrated an association between EDCs
and NAFLD but failed to demonstrate causality.
Interventional mechanistic studies (reducing or eli
minating EDC exposure) are difficult to conduct but are
essential for determining the role of EDCs in NAFLD
[122]
pathogenesis .

Sexual hormones

Polycystic ovary syndrome: Polycystic ovary syn
drome (PCOS) is an endocrine syndrome frequently
encountered in young women of childbearing age
[123,124]
(prevalence 8%-15%)
, hallmarked by clinical and/
or biological hyperandrogenism, oligo/amenorrhea and
[124]
polycystic ovarian morphology following ultrasound .
Genes influencing obesity and IR, β-cell dys
function, steroid production and metabolism, an
drogen receptor and X-inactivation, and ovarian
folliculogenesis have been studied as candidates for
[125]
PCOS pathogenesis
. Genowe-wide association
studies conducted in women with PCOS have found a
relationship between the syndrome and several genes
involved in type 2 diabetes, such as THADA, INSR and
[126]
HMGA2
. In European populations, the DENND1A
variant is associated with hyperandrogenism and
[126]
oligomenorrhea . IR occurs in about half of women
[127]
with PCOS . A recent meta-analysis from Ramezani[128]
Binabaj et al
showed that there is a higher risk
of NAFLD among women with PCOS (overall OR =
3.93). The prevalence of NAFLD in women with PCOS
[129-131]
is between 15% and 55%
, depending on the
diagnostic method used. Conversely, the prevalence
of PCOS in women with NAFLD is high as well, 71% in
[132]
one cohort .
However, it is not clear whether PCOS is an
independent risk factor for NAFLD. Gambarin-Gelwan
[130]
et al
studied lean and obese women with PCOS and
found a NAFLD prevalence of 39% in the lean group.
Steatosis was associated with a higher BMI and HOMAIR and a higher prevalence of glucose intolerance and
type 2 diabetes. Moreover, women with PCOS had
more IR than control women with the same BMI (Figure
3).
IR is a major player in PCOS, promoting hyper
androgenism via an increased release of andro
[133]
stenedione and testosterone
. Insulin acts as a
co-gonadotropin to increase luteinizing hormonestimulated production of androgens; therefore,
production of androgens is enhanced in PCOS. A
concomitant decrease in sex hormone binding globulin
(SHBG) by impaired liver production amplifies this
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phenomenon, further increasing the levels of free and
active androgens. The decrease in SHBG is mediated
by IR and hyperandrogenism, further increasing IR.
Different hypotheses have been raised to explain
why IR is present in PCOS. It is suggested that postreceptor defects in insulin receptor signal transduction
are involved, because no structural abnormality
in the insulin receptor has been identified in these
[134]
patients
. Impaired glucose transport has also
[135]
been suggested
. Defective serine phosphorylation
can lead to both IR and hyperandrogenism, given
that serine phosphorylation modulates the activity of
key regulating enzymes of androgen biosynthesis,
[136,137]
including the 17, 20 lyase activities of P450c17
.
Whether PCOS contributes independently to
NAFLD is unclear. PCOS diagnosis is significantly
associated with NAFLD, after adjustments are
[138]
made for age, obesity, waist circumference
and
[139]
dyslipidemia
. As hyperandrogenism is a hallmark
of PCOS, androgens likely play a role in the deve
lopment of NAFLD. It has been hypothesized that
[140]
androgens promote a pro-apoptotic environment
[141,142]
which is present in woman with PCOS
. The
caspase 3-cleaved fragment of cytokeratin 18 is
released from cells undergoing apoptosis and is
now established as a serum marker for NASH. The
levels of this fragment correlate with hepatocyte
[142]
apoptosis and is elevated in women with PCOS
.
It is not clear whether hyperandrogenism and IR act
concomitantly or independently to induce NAFLD, but
[143]
a synergistic action may be present
. Interestingly,
oophorectomy in a patient with hyperthecosis reverses
[144]
hirsutism but not IR
. However, the link between
hyperandrogenism and NAFLD may be found in the
down-regulation of the LDL-receptor, prolonging the
half-lives of VLDL and LDL, inducing accumulation of
[141]
fat in the liver and ultimately triggering NAFLD
.
In addition, women with hyperandrogenism have
higher transaminases levels (predominantly ALT)
compared to control subjects, even if the women with
[138]
hyperandrogenism are lean
. Moreover, central
obesity and visceral fat are often increased in PCOS
women and can be involved in the development
of both IR and NAFLD. Indeed, women with PCOS
have larger adipocytes, with a diameter increased by
25% (“hypertrophic obesity”), compared to obese
[145]
women without PCOS (“hyperplastic obesity”)
.
Hypertrophic obesity is associated with IR and can be
[146]
mediated by androgens in vivo
. The role of leptin
in PCOS is unclear. Compared with BMI-matched
controls, lean PCOS patients have lower soluble
leptin receptor levels, and PCOS per se might cause
[147]
leptin resistance with higher free leptin indices
.
Adiponectin levels are lower in women with PCOS (after
controlling for BMI-related effects), in relationship with
[148]
IR, but not in women with hyperandrogenism
.
The association between PCOS and NAFLD is
crucial to recognize considering the former’s young
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presentation age. It is important to screen young
women with PCOS and an associated metabolic
syndrome or IR for NAFLD, although the best
[149]
screening method has not been defined
. Routine
screening is not recommended by the Endocrine
[150]
Society
, but screening high-risk patients seems
reasonable. The use of the Fatty Liver Index may be
helpful and can identify PCOS patients at high risk for
[149]
hepatic disturbances .
Estrogen deficiency/menopause: Several studies
indicate that estrogens play a protective role in NAFLD.
NAFLD is more prevalent in post-menopausal women
than pre-menopausal women and worsens after
[151]
menopause
. Moreover, estradiol levels in women
[152]
with PCOS are lower than in women without PCOS .
The effects of estrogens are mediated not only
through activation of estrogen receptors (ER) α and
[153]
. Estrogens
β but also by non-nuclear activities
regulate growth hormone (GH) production and energy
[154]
homeostasis
. In murine models, estrogens have
been shown to suppress hepatic fibrosis by attenuating
[155]
HSC activation
. In ERα knockout mice (αERKO)
and aromatase knockout mice (ARKO), estrogens are
either not synthesized or cannot act properly. These
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mice contain increased amounts of visceral adipose
tissue, as well as an accumulation of lipid droplets in
the liver of ARKO mice, highlighting the importance
[156]
of estrogens in lipid homeostasis
. αERKO mice
manifest adipocyte hyperplasia and hypertrophy, IR
[157]
and glucose intolerance in both sexes , and steatosis
[158]
in males . Interestingly, patients with an aromatase
gene inactivating mutation (aromatase deficiency)
exhibit estrogen deficiency, development of metabolic
syndrome with IR, steatohepatitis and precocious
atherogenesis. When these patients undergo
estrogen treatment, their IR and liver steatohepatitis
[159]
improve
. Moreover, estrogen replacement therapy
in mice has been shown to prevent diet-induced
ectopic lipid (notably diacylglycerols) deposition as well
[160]
as hepatic and muscle IR .
Male hypogonadism: Male hypogonadism includes
biochemical and clinical features such as low
testosterone and/or low sperm count, erectile dys
function, diminished libido, decrease in lean body
mass and increase in visceral fat, as defined by the
International Society of Andrology, the International
Society for the Study of the Aging Male and the
European Association of Urology.
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Testosterone plays a key role in insulin sensitivity,
[161]
body composition and lipid metabolism
. A bidi
rectional relationship exists between low levels of
[161-163]
testosterone and IR
. The HERITAGE study
indicated that people with lower testosterone levels
have a preferential accumulation of abdominal fat
[164]
and a higher visceral adipose tissue accumulation .
Low levels of testosterone and SHBG in men are
independent predictors of the occurrence of metabolic
[165]
syndrome
. Men with metabolic syndrome have a
higher prevalence of low testosterone compared to
[166,167]
healthy controls
. Furthermore, according to the
hypogonadal-obesity-adipokine hypothesis, increased
amounts of adipose tissue converts testosterone to
estradiol via aromatase activity. Estradiol inhibits
kisspeptin liberation and testosterone production.
Moreover, adipose tissue produces leptin and proinflammatory cytokines that both have an effect on the
gonadal axis, impairing testosterone production. Leptin
has an additional effect on Leydig cells, resulting in
[168]
decreased androgen production .
In a retrospective cohort study, hepatic steatosis,
defined by sonographic criteria, was correlated with
low testosterone levels (< 14.2 nmol/L) after adjusting
for diverse confounders (including age, BMI, smoking,
[169]
diabetes, and visceral adipose tissue)
. A recent
cross-sectional study using data from MESA study
showed that men with the highest tertile of SHBG were
less likely to have a fatty liver, defined by computed
[170]
tomography, than those in the lower tertile .
Interventional studies using testosterone replace
ment therapy in hypogonadal men have shown that
testosterone not only improved insulin sensitivity but
[171,172]
also decreased waist circumference
together with
[173]
BMI . In obese men with sleep apnea, testosterone
replacement therapy led to increased insulin sensitivity
[174]
and reduced liver fat content . In castrated rats on a
high-fat diet, testosterone replacement therapy led to
a lower body fat percentage and only mild-moderate
microvesicular steatosis compared to castrated rats not
receiving testosterone, which displayed severe micro[175]
and macrovesicular fat in hepatocytes
. However,
the evolution of NAFLD during testosterone replace
ment therapy in men has not been studied in clinical
trials.

Osteoporosis

Evidence for an important triumvirate (NAFLD, oste
[176]
oporosis and metabolic syndrome) is rising
. A
complex crosstalk of mediators coming from the liver
(fetuin-A), adipose tissue (leptin, TNF-α, adiponectin)
and bone (osteopontin, osteocalcin, osteoprotegerin)
may contribute to the development of NAFLD and
[177]
metabolic syndrome
, and the protective effect of
[178]
obesity on bone mass is progressively challenged .
For example, insulin can increase bone formation by
binding to the insulin receptor on osteoblasts, and
leptin and adiponectin can suppress bone formation or
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stimulate resorption. Conversely, the bone also affects
glucose metabolism, by secreting cytokines, hormones
and peptides like osteocalcin which increase pancreatic
[179]
β-cell function . Mice lacking the insulin receptor on
osteoblasts develop obesity and IR that are improved
after osteocalcin administration, suggesting the pre
[180]
sence of a bone-pancreas loop .
In post-menopausal women with an ultrasonographic
diagnosis of NAFLD, lumbar bone mass density was
found to be lower (0.98 ± 0.01 g/cm² vs 1.01 ± 0.02
g/cm², P = 0.046) than in controls, after adjusting for
age, BMI, ALT levels, smoking and alcohol consumption.
This phenomenon was also demonstrated after
[106]
adjusting for metabolic syndrome
. Among Asian
men, NAFLD (diagnosed by ultrasound) was significantly
associated with osteoporotic fractures, defined as
[181]
fractures secondary to low trauma
; however, the
[105]
association did not reach significance in women .
Treatment of NAFLD may also have an impact
on bone. Thiazolidinediones, which are peroxisome
proliferator-activated receptor γ (PPARγ) agonists,
improve insulin sensitivity and reduce hepatic fibrosis
[179]
progression
, but also increase bone loss and
fractures, especially vertebral fractures in males with
[182]
type 2 diabetes .
Further studies are needed to better understand
the interactions between osteoporosis and NAFLD.

Vitamin D deficiency

The pleiotropic effects of vitamin D, particularly on
metabolism and the immune system, are being
increasingly studied. NAFLD has been associated with
low 25-OH vitamin D levels. Notably, a recent metaanalysis found that NAFLD patients are 26% more
likely to be deficient in vitamin D compared with
[183]
controls
. However, the two conditions are quite
frequent and the association may be fortuitous. The
use of a cross-sectional approach and the method to
diagnose NAFLD are two limitations of this study. Other
studies found that 25-OH vitamin D levels can predict
the histological severity of NAFLD, with NASH patients
having lower levels than individuals with simple
[184,185]
steatosis, even children
. However, in the study
[184]
of Dasarathy et al , the control group was smaller in
number, had a lower BMI and was not age-matched.
These differences may influence vitamin D levels, as
obese patients have lower vitamin D levels.
It is unclear how vitamin D could prevent or slow
the development of NAFLD. However, vitamin D has
been shown to inhibit the proliferation of HSC, which
[186]
express the vitamin D receptor , and therefore could
[187]
reduce the fibrotic process. The work of Roth et al
demonstrates in a rat model that phototherapy can
reduce fibrosis, apoptosis and inflammation, primarily
by reducing hepatic expression of inflammatory genes
such as TNF-α and transforming growth factor β. The
authors conclude that vitamin D deficiency exacerbates
inflammatory gene expression and is partially

11061

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD
[188]

reversible . In another study, treatment of adipocytes
with calcitriol (1,25-OH-vitamin D) caused the GLUT4
transporter to be upregulated and translocated to the
cell surface, resulting in increased glucose uptake and
[189]
utilization . A double-blind, placebo-controlled Iranian
[190]
study
showed that vitamin D supplementation
decreases the inflammatory marker hs-CRP, but there
was no effect on liver enzymes, HOMA-IR or steatosis
grade (evaluated by ultrasound). However, this study
enrolled only 53 patients and was conducted for a short
period of time.
Altogether, only a limited number of prospective
and randomized studies have analyzed the impact of
vitamin D supplementation on NAFLD. Therefore, the
effect of vitamin D supplementation on NAFLD has to
be further studied, as concluded in a recent review by
[191]
Eliades et al .

Pituitary gland

Growth hormone insufficiency: GH and insulinlike growth factor-1 (IGF-1) insufficiency have recently
been associated with NAFLD, progression to NASH
and even liver cirrhosis. NAFLD is more common
in hypopituitary patients than control subjects and
patients with growth hormone deficiency (GHD) are
likely to have an increased risk of developing NAFLD.
In a Korean cohort of men with hypopituitarism,
the frequency of NAFLD (diagnosed by abdominal
ultrasonography) was significantly higher in hypo
pituitary men than in control subjects (32.5% vs
70.6%, P = 0.001). CRP and FFA were significantly
elevated in hypopituitary patients with NAFLD com
pared to hypopituitary patients without NAFLD. More
over, the severity of NAFLD correlated negatively with
GH after adjusting for BMI (P = 0.020). Severe GHD
in hypopituitarism was associated with more advanced
[192]
NAFLD . In one series NAFLD developed after 6.4 ± 7.5
[193]
years (median 3 years) in GHD patients .
GHD leads to visceral adiposity, reduced lean body
[194]
mass, an abnormal lipid profile and IR
. However,
the exact pathophysiological mechanisms need to
[195]
be clarified
. Recent data show a relationship
between low IGF-1 and Sirtuin4 (Sirt4) levels. Obese
patients with low levels of GH or IGF-1 have a higher
waist circumference and/or metabolic syndrome.
Like GH, which regulates mitochondrial oxidative
capacity, Sirt4 is a mitochondrial NAD-dependent
ADP-ribosyltransferase that inhibits mitochondrial
glutamate dehydrogenase 1 activity, thereby downregulating insulin secretion in response to amino
acids. Sirt4 functions within the mitochondria as a
negative regulator of oxidative capacity. Levels of Sirt4
are low in obese patients, in order to preserve fat
oxidative capacity and mitochondrial function in liver
[196]
and muscle . Sirt4 reduces plasma FFA but, in turn,
increases reactive oxygen species. In obese patients
with NAFLD, the combination of FFA and oxidative
stress products results in endothelial dysfunction and
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[197]

can be a coronary risk factor
. Oxidative stress is
an important feature of the pathogenesis of NAFLD.
As IGF-1 is known to have antioxidative effects and
improve mitochondrial function, low IGF-1 levels may
[198,199]
enhance oxidative stress and promote NAFLD
.
Interventional studies regarding GH substitution
are controversial. Some studies found an improvement
[200]
after GH replacement
, whereas others found only
a reduction of abdominal and visceral fat without any
[201]
impact on liver fat
. In one study the prevalence
of NAFLD among patients with GHD was significantly
higher than among controls (77% vs 12%, P <
[200]
0.001)
. After the introduction of GH replacement
therapy, a reduction in the levels of liver enzymes and
fibrosis markers (hyaluronic acid and type Ⅳ collagen)
were noticed. Six months of GH-replacement therapy
[202]
improved NASH and reduced oxidative stress
. GH
replacement therapy also decreased serum levels of
[202]
hsCRP and TNF-α, and drastically reversed NASH .
To our knowledge, there is data concerning NAFLD
in acromegalic patients.
Hyperprolactinemia: Prolactin may be elevated in
diverse conditions such as pituitary adenomas or by
certain drugs. Hyperprolactinemia is seen in men with
liver disease as well and is unrelated to the presence
[203]
of gynecomastia . Prolactin is not only a lactotroph
hormone, but also regulates enzymes and transporters
associated with glucose metabolism (stimulates insulin
secretion) and lipid metabolism (suppresses lipid
[204-206]
storage and adipokine release)
. Furthermore,
adipose tissue produces prolactin in an autocrine
and paracrine manner. Therefore, a potential role of
prolactin in NAFLD may be evoked but has never been
studied.
Bromocriptine, a dopamine agonist, has been linked
to improvements in obesogenic behaviors, hepatic lipid
accumulation, glucose tolerance and mitochondrial
oxidative stress in rats and was therefore proposed as
[207]
a therapy for NAFLD . However, prolactin levels were
not measured in the study.

Thyroid gland: hypothyroidism

Thyroid hormones play an important role in hepatic
lipid metabolism, increasing hepatic lipogenesis
[208]
and enhancing β-oxidation
. Increased fatty acid
oxidation may produce reactive oxygen species,
[209]
damaging hepatocytes
. Therefore, hypothyroidism
is associated with reduced lipolysis and decreased liver
uptake of FFA derived from triglycerides. Moreover,
thyroid hormones modify hepatic fat accumulation,
affecting adiponectin regulation. Hence, thyroid
hormones could control the development of fibrosis
[209,210]
through the modulation of adiponectin
. Increased
leptin and FGF21 secretion may also play a role in this
[209]
pathogenesis .
Thyroid hormones mediate their actions through
thyroid hormone receptors. Thyroid receptor α
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(THRα) is ubiquitously expressed and THRβ is mainly
[211]
expressed in the liver, brain and kidney
. Rodent
studies show that THRβ agonists diminish hepatic
[212]
lipid accumulation
. Mice lacking THRα do not
develop high-fat diet-induced hepatic steatosis and
[213]
IR . Moreover, hypothyroidism has been associated
with disorders of glucose and insulin metabolism
[214]
involving IR
which can influence the development
of fatty liver disease. The relationship between
thyroid dysfunction and NAFLD is controversial. Both
diseases share common features such as metabolic
syndrome, obesity, IR and the disturbance of lipid
[209]
metabolism
. There is, however, no proven causeeffect relationship between the two conditions. In
an Indian cohort, patients with NAFLD had higher
thyroid stimulating hormone (TSH) levels and lower
[215]
free thyroxine levels than control subjects
. Overt
[216,217]
hypothyroidism has been associated with NAFLD
with a prevalence of 30.2% vs 19.5% in control
subjects, even after adjusting for age, gender, BMI,
[218]
diabetes and hypertension
. In a Chinese study,
the prevalence of NAFLD increased in parallel to the
degree of hypothyroidism: 29.9% for subclinical
hypothyroidism and 36.3% for overt hypothyroidism.
Each 1U/L increment of TSH was associated with a
20% increase in NAFLD prevalence, independently of
[217]
classical risk factors . These findings were confirmed
[218,219]
by other studies
. Several studies demonstrated
that an increased TSH level is an independent risk
[220]
factor for NASH in patients with NAFLD . In a recent
cross-sectional study, compared to the low normal
range (< 2.5 mIU/L), TSH levels within the upper
normal range (2.5-4.5 mIU/L) were associated with
a 40% increased risk for NAFLD after adjusting for
age, gender, BMI, waist circumference, triglyceride
levels, HDL cholesterol levels, hypertension, and
[217]
diabetes . However, in an Iranian cohort, there was
no statistically significant difference in serum TSH,
free T4 or free T3 levels between participants with or
[221]
[222]
without NAFLD . Moreover, a study by Mazo et al
did not show any statistically significant association
between NASH and hypothyroidism. Nevertheless, a
recent systematic review of 11 studies on this subject
suggests that hypothyroidism is an independent risk
factor for NAFLD. The prevalence of hypothyroidism
ranged from 15.2% to 36.3% among patients with
[209]
NAFLD/NASH
. Although this association has not
been uniformly reported, further research is needed
to confirm previous findings. However, it is unclear
whether a low-normal thyroid function, but still
[223]
within the euthyroid range, is related to NAFLD
.
A cross-sectional study in euthyroid elderly Chinese
individuals found that the prevalence of NAFLD is
[224]
negatively correlated with serum free thyroxine
.
An Italian retrospective study showed that serum
gamma-glutamyltransferase and ALT concentrations
increase steadily along with TSH categories, after
adjusting for gender, age, lipids and fasting glucose
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[225]

concentrations
. It is important to determine
whether hypothyroidism has an impact on NAFLD
pathogenesis, as hypothyroidism is easily identifiable
and treatable. Conversely, hepatic steatosis may
[226]
influence thyroid function .
The use of thyromimetics, which are thyroid
hormone analogs that either have selective effects on
the liver or the heart, or bind selectively to TRβ rather
than to TRα without cardiac side effects, are under
consideration. Such compounds could be powerful new
tools to address some of the largest medical problems
in developed countries, i.e., obesity and related
[227]
disorders such as NAFLD
. Interestingly, thyroid
hormones also exert non-genomic effects attributable
to naturally occurring iodothyronines apart from T4
[228]
and T3 . Further studies are needed in this field.
To our knowledge, there is no association between
hyperthyroidism and NAFLD.

Adrenal gland

Different pathologies can affect the adrenal gland,
several of which appear to relate with NAFLD. One
study on patients with adrenal incidentalomas found
that there is no increased incidence of NAFLD in these
[229]
patients .
Glucocorticoids - Cushing syndrome: Hypercor
tisolism shares metabolic features with metabolic
syndrome like IR, dyslipidemia, hypertension, visceral
obesity and hepatic steatosis. Cortisol is known to
impair insulin sensitivity, directly by interfering with the
insulin receptor pathway or indirectly by stimulating
lipolysis and proteolysis, thereby increasing FFA and
amino acid release. In addition, plasma glucose is
[230]
increased due to stimulated gluconeogenesis .
However, patients with Cushing’s syndrome
[231]
have a low prevalence of hepatic steatosis
, esti
[232]
mated at 20%
. It is hypothesized that there is
a local increase of available glucocorticoids through
the enzymatic activity of 11β-hydroxysteroid dehy
[233]
drogenase type 1 (11β-HSD1)
. Indeed, in obese
individuals, there is increased regeneration of cor
tisone to cortisol mediated by increased activity of
11β-HSD1. This enzyme is expressed in the brain,
[234]
adipose tissue and liver
, and converts cortisone
into active cortisol, which is able to promote metabolic
[235]
changes
. However, not all studies have shown an
[236]
increase of 11β-HSD1 activity in obese patients
.
Another possible factor in NAFLD pathogenesis in
Cushing syndrome is decreased clearance of cortisol
through A-ring metabolism (5α- and 5β-reductase).
Indeed, 5α-reductase type 1 deletion accelerates the
[237]
development of hepatic steatosis
. In the early
stages of NAFLD, only hepatic steatosis is observed.
During this time, to protect the liver from cortisol
exposure, 5α-reductase activity is increased, thus
increasing cortisol clearance. Concomitantly, 11β-HSD1
activity is decreased, decreasing cortisol production,
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which results in hypothalamic-pituitary-adrenal axis
[238]
activation . In the latter stages of NAFLD, especially
in NASH, there is an increase in hepatic 11β-HSD1
[239]
expression
, which increases intra-hepatic gluco
corticoid levels. In addition, increased expression of
glucocorticoid receptor α and decreased activity of
5α-reductase accentuate this mechanism, resulting in
hepatic lipid accumulation. Therefore, progression of
NAFLD is complex, with a switch from glucocorticoid
[240]
inactivation to activation .
11β-HSD1 inhibitors are currently being developed
to impair this phenomenon. Such an approach may
be beneficial during the initial phase of steatosis
but deleterious afterwards, notably by increasing
[240]
inflammation .
Low levels of dehydroepiandrosterone/dehydroe
piandrosterone sulphate: The effects of low levels
of dehydroepiandrosterone (DHEA), an important
and abundant steroid that influences oxidative
stress, insulin sensitivity and expression of PPARα,
is controversial. A positive relationship between
histologically advanced NAFLD and low levels of
dehydroepiandrosterone sulphate (DHEA-S) has been
found, but the study was performed with two different
groups, one in obese patients undergoing surgery and
[241]
the other in suspected NAFLD patients
. Indeed,
low serum levels of GH and DHEA are very common
[242]
in patients with NASH and more advanced fibrosis .
Moreover, another group found high levels of DHEA-S
in patients with NAFLD, but NAFLD wasn’t histologically
[243]
diagnosed
. Therefore, it remains unclear whether
DHEA plays a role in NAFLD pathogenesis, or if this
was an isolated finding.
Hyperaldosteronism: The Renin-AngiotensinAldosterone-System (RAAS) acts not only in the
vascular system, but also in different organs such
as the liver. Indeed, the angiotensin Ⅱ receptor 1
(AT1) and receptor 2 (AT2) are abundant in different
tissues, and in the liver the former is expressed in
hepatocytes, bile duct cells, HSC, KC, myofibroblasts,
[244]
and vascular endothelial cells
. AT1 receptor
activation by angiotensin Ⅱ induces HSC contraction
and proliferation, causes oxidative stress, endothelial
[245]
dysfunction, cell growth and inflammation
. The
[246]
expression of AT2 in the liver has also been reported ,
with possible anti-fibrogenic effects.
An Italian cross-sectional pilot study found that
in a selected population without other metabolic risk
factors, patients with primary hyperaldosteronism
and hypokalemia have a higher prevalence of NAFLD
[247]
than normotensive controls . Insulin sensitivity was
lower in this group of patients, either impaired directly
[248]
by aldosterone or indirectly by potassium loss
.
Indeed, RAAS activation can increase IR. Angiotensin
Ⅱ stimulates phosphorylation of serine residues in
the insulin receptor β-subunit and the p85 regulatory
subunit of PI3-kinase, thereby inhibiting the interactions
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between these two components of the insulin signaling
[249]
pathway . Activation of NADPH oxidase subsequently
generates reactive oxygen species which modulate
the production of pro-inflammatory cytokines such
as TNF-α and IL-6, resulting in the impairment of
[250]
insulin signaling
. There is a growing interest in
using RAAS inhibitors to treat NAFLD. Indeed, blocking
RAAS reduced fibrosis in an experimental model of
[251]
hepatic fibrosis . Telmisartan and valsartan improved
transaminases levels and insulin sensitivity, and
telmisartan also significantly decreased NASH activity
[252]
score and fibrosis
. Despite encouraging results in
animal studies, RAAS inhibitors do not show consistent
efficacy in NAFLD patients. A recent study by Goh et
[253]
al
demonstrated that in a hypertensive cohort with
biopsy-proven NAFLD, patients treated with RAAS
inhibitors had less advanced hepatic fibrosis, indicating
a beneficial effect of this class of anti-hypertensive
drugs. This effect remains controversial, however, as
some studies did not observe any benefit of RAAS
[251,254]
blockers on hepatic fibrosis
.
Larger randomized clinical trials are needed
to directly assess the effectiveness of angiotensin
converting enzyme inhibitors and angiotensin Ⅱ
receptor blockers in NAFLD.

TREATMENT
In endocrine disorders, the most appropriate course
of action is first to treat the underlying disturbance.
However, in the case of metabolic diseases such
as diabetes or obesity, alternative approaches are
needed.
[179,255]
Lifestyle is the first-line therapy
. A weight
loss superior or equal to 7% improves histological
[179]
disease activity . Diet and exercise improve weight
[256]
loss, steatosis and lobular inflammation
. Dietary
composition is important, as reducing carbohydrate
[257]
or fat intake can reduce intrahepatic lipid content .
It is important to emphasize that certain diets such
as the low carbohydrate and high fat diet or diets
rich in fatty acids or refined carbohydrates may
[255]
exacerbate NAFLD . Ketogenic diets impair fibroblast
growth factor 21 (FGF21) signaling and enhance lipid
accumulation in the liver, which may explain hepatic
[258]
inflammation
. Dietary interventions can also
modify gut microbiota, as already discussed. However,
aggressive weight loss (> 1.6 kg/wk) removes lipids
and fatty acids from visceral fat that can be taken up by
[259]
the liver, exacerbating hepatic inflammation . Some
diets are more prone than others to NAFLD. Notably,
diets high in saturated fatty acids, low carbohydrate
diets, or diets rich in refined carbohydrates such as
[255,260]
soft drinks, can exacerbate NAFLD
, although this
issue is controversial.

Insulin sensitizers

IR plays a pivotal role in NAFLD pathogenesis. There
fore, insulin sensitizers have been proposed as a
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treatment. Metformin, a biguanide used for type 2
diabetes, decreases hepatic gluconeogenesis and
[179,261]
lipogenesis
. However, there is no improvement
in histology, and four randomized clinical trials
have failed to demonstrate a significant beneficial
[262]
impact of metformin on NAFLD progression
.
Thiazolidinediones, PPARγ agonists used for type 2
diabetes, have effects on adipose tissue and reduce
liver fat deposition. They interact with metabolic
regulators such as adiponectin, AMPK, Foxo1 and
peroxisome proliferator-activated receptor gamma
[263]
coactivator 1-α (PGC-1α)
. In the “Pioglitazone vs
Vitamin E vs Placebo for Treatment of Non-Diabetic
Patients with Nonalcoholic Steatohepatitis” (PIVENS)
[264]
trial
, pioglitazone failed to meet the primary endpoint, i.e., improvement of histologic features of
NASH (fibrosis score), but improved ALT/AST levels,
hepatic steatosis, lobular inflammation, insulin
sensitivity, and steatohepatitis. Vitamin E improved
steatohepatitis but not significantly. A pilot study
reported that pioglitazone improved biochemical
and histological features of NAFLD (steatosis, cell
injury, inflammation, Mallory bodies, fibrosis), but
[265]
there was no control group
. Recently, Pawlak et
[266]
al
showed that the transrepression activity of
PPARα may prevent progression of NASH to liver
fibrosis. A meta-analysis of seven randomized clinical
trials with post-treatment histology reported that
thiazolidinediones improved histological activity
(steatosis, hepatic ballooning, inflammation), plasma
glucose and lipid levels, and reduced the risk of fibrosis
[179]
progression
. However, the side effects (increased
[267]
weight, raised fluid retention and heart failure
,
fractures, and bladder carcinoma) may limit the use
of this class of drugs. Four randomized clinical trials
with either pioglitazone or rosiglitazone confirmed
the improvement of steatosis, ballooning and lobular
inflammation, but did not address the long-term
[262]
effects . Finally, incretins, neuroendocrine hormones
produced by the gastrointestinal tract in response to
food, stimulate insulin release and decrease glucagon
levels. Glucagon-like peptide-1 agonists and dipeptidyl
peptidase-4 inhibitors are currently being studied, and
transaminase levels have been shown to be reduced
[268]
under these treatments .

Lipid-lowering drugs

Two types of lipid-lowering agents have been used in
clinical studies: 3-hydroxy-3-methylglutaryl-coenzyme
A reductase inhibitors (statins) and ezetimibe. Statins
have many effects, one of which is PPARγ agonism.
Unfortunately, only a few pilot studies with small
cohorts have used statins in monotherapy to evaluate
[269,270]
[270]
hepatic histology in NAFLD
. Hyogo et al
found that atorvastatin improved transaminases levels
and steatosis, but four patients had progression of
fibrosis. In another study, statins improved hepatic
[271]
steatosis and transaminases levels
but the impact
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[179]

on histology was not addressed
. Ezetimibe, an
antagonist of Niemann-Pick C1-like protein, a key
player in cholesterol absorption from the small
intestine, may have an impact on NAFLD, but large[272]
scale studies are needed to confirm this effect
.
The combination of statins and ezetimibe, along with
[273]
lifestyle changes, may represent a useful approach .
In summary, both classes of lipid-lowering drugs show
promising results but need further investigation.

Anti-hypertensive drugs

Angiotensin Ⅱ receptor blockers inhibit hepatic
inflammation and fibrosis via inhibition of fibroblast
activity and prevention of HSC proliferation. A few
studies have shown an improvement in liver histology
and transaminases levels with the use of angiotensin
[274]
Ⅱ receptor blockers
. Both telmisartan and valsartan
were beneficial, but there was only one randomized
[252]
clinical trial
. Details of this trial were discussed
above.

Anti-oxidants and cytoprotective agents

Anti-oxidant and cytoprotective therapies have been
evaluated for their effects on the inflammatory
component of NAFLD. Vitamin E was studied in the
[264]
PIVENS trial
and found to significantly improve
hepatic steatosis but not fibrosis. However, the safety
of large doses of vitamin E must be demonstrated, as
[179,275]
it can increase IR and plasma triglyceride levels
.
Betaine, a metabolite of choline which reduces
oxidative stress, was tested but did not improve
[276]
steatosis
. Ursodeoxycholic acid, a bile acid with
antioxidant properties, failed to improve histological
[277,278]
features
. As for pentoxyphylline, a TNF-α
inhibitor, only one study showed an improvement in
histology (steatosis and lobular inflammation, with
[279]
only a trend for fibrosis) and transaminases levels .
Salsalate, a prodrug of salicylate with anti-inflam
matory effects, was found to decrease steatosis and
can therefore represent a new target drug if confirmed
[280]
in larger studies .
TNF-α inhibitors like etanercept have been studied
in patients with psoriasis. These inhibitors reduced
transaminase and fasting insulin levels while exhibiting
anti-inflammatory effects and improved insulin sen
sitivity.

Probiotics

Probiotics have been studied in a few trials, as pre
viously discussed in the section on gut microbiota.

FGF21 analogs

FGF21 is an endocrine factor of the fibroblast growth
factor family that improves insulin sensitivity in rodent
models of IR. Administration of FGF21 decreased
hepatic fat content and improved glucose homeostasis
[281,282]
in mice
. Increased serum levels of FGF21 are
found in patients with NAFLD, perhaps due to FGF21
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resistance
. FGF21 analogs have been studied
in humans and improve dyslipidemia, decrease body
weight and fasting insulin plasma levels and increase
[287]
adiponectin levels
. Several drugs are thought to
regulate the FGF21 pathway, including resveratrol,
[288]
a natural Sirtuin1 activator
. In diabetic rhesus
monkeys, FGF21 administration improves insulin
[289]
sensitivity and the lipid profile
. The potential
beneficial effects of FGF21 in NAFLD patients warrant
further investigation.

syndrome is still important to prevent progression
of NAFLD. Reciprocally, both gastroenterologists and
endocrinologists should consider the relationship
between NAFLD and endocrine diseases in everyday
medical practice.
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Gastric bypass

Surgical procedures such as bariatric interventions
(notably gastric bypass) may lead to the resolution of
liver steatosis. In one study of patients biopsied at the
time of bariatric surgery and at follow-up, hepatic fat
content was reduced in 65 out of 91 patients, whereas
increases in the steatotic score were observed in
[290]
only three patients
. Another study of 90 biopsied
bariatric surgery patients showed that 16 patients
(18%) had the same degree of steatosis, 25 (28%)
had improved steatosis, and 49 (54%) had normal
[291]
hepatic tissue in the second biopsy . A recent French
prospective study of 109 patients with morbid obesity
and histologically-proven NASH showed that, one year
after bariatric surgery, NASH had disappeared in 85%
of the patients. The results were better in patients with
mild NASH before surgery (94%) than severe NASH
(70%), according to the Brunt scores. Histologically,
steatosis decreased from 60% of the tissue before
surgery to 10%, hepatocellular ballooning was reduced
in 84.2% of samples, lobular inflammation was
reduced in 67.1% of samples and fibrosis was reduced
in 33.8% of the patients, according to the Metavir
[292]
scores
. However, the guidelines indicate that it is
premature to consider bariatric surgery as an option to
[293]
treat NASH .
Orlistat, a lipase inhibitor, was tested in a pilot
study of 10 obese patients, resulting in weight loss
and improved aminotransferase levels, steatosis, and
[294]
fibrosis .

REFERENCES
1
2

3

4

5

6

7

8

CONCLUSION
It is important to note that NAFLD, the most common
chronic liver disease in Western countries, is intimately
entangled with various endocrine diseases, sharing
the keystone physiopathological mechanism of IR.
In the coming years, genetics will allow us to better
understand the interrelationships between these
different entities in order to better target treatments.
Additional studies are needed to reveal the subtle
links between common diseases like NAFLD and
hypothyroidism, for example, and ensure their inter
dependence. Regarding treatment, we have seen
that many drugs are useful not only for preventing
the evolution of liver disease, but also against IR
found in metabolic diseases. Prevention of metabolic

WJG|www.wjgnet.com

9

10
11

12

11066

Sass DA, Chang P, Chopra KB. Nonalcoholic fatty liver disease: a
clinical review. Dig Dis Sci 2005; 50: 171-180 [PMID: 15712657]
Zelber-Sagi S, Nitzan-Kaluski D, Halpern Z, Oren R. Prevalence
of primary non-alcoholic fatty liver disease in a population-based
study and its association with biochemical and anthropometric
measures. Liver Int 2006; 26: 856-863 [PMID: 16911469 DOI:
10.1111/j.1478-3231.2006.01311.x]
Vernon G, Baranova A, Younossi ZM. Systematic review: the
epidemiology and natural history of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis in adults. Aliment
Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI:
10.1111/j.1365-2036.2011.04724.x]
Karbasi-Afshar R, Saburi A, Khedmat H. Cardiovascular
disorders in the context of non-alcoholic Fatty liver disease:
a literature review. J Tehran Heart Cent 2014; 9: 1-8 [PMID:
25561963]
Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras
M, Landt CL, Harrison SA. Prevalence of nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis among a largely middleaged population utilizing ultrasound and liver biopsy: a prospective
study. Gastroenterology 2011; 140: 124-131 [PMID: 20858492
DOI: 10.1053/j.gastro.2010.09.038]
Das K, Das K, Mukherjee PS, Ghosh A, Ghosh S, Mridha AR,
Dhibar T, Bhattacharya B, Bhattacharya D, Manna B, Dhali GK,
Santra A, Chowdhury A. Nonobese population in a developing
country has a high prevalence of nonalcoholic fatty liver and
significant liver disease. Hepatology 2010; 51: 1593-1602 [PMID:
20222092 DOI: 10.1002/hep.23567]
Jimba S, Nakagami T, Takahashi M, Wakamatsu T, Hirota Y,
Iwamoto Y, Wasada T. Prevalence of non-alcoholic fatty liver
disease and its association with impaired glucose metabolism
in Japanese adults. Diabet Med 2005; 22: 1141-1145 [PMID:
16108839 DOI: 10.1111/j.1464-5491.2005.01582.x]
Omagari K, Kadokawa Y, Masuda J, Egawa I, Sawa T, Hazama
H, Ohba K, Isomoto H, Mizuta Y, Hayashida K, Murase K,
Kadota T, Murata I, Kohno S. Fatty liver in non-alcoholic nonoverweight Japanese adults: incidence and clinical characteristics.
J Gastroenterol Hepatol 2002; 17: 1098-1105 [PMID: 12201871]
Fan JG, Zhu J, Li XJ, Chen L, Li L, Dai F, Li F, Chen SY.
Prevalence of and risk factors for fatty liver in a general population
of Shanghai, China. J Hepatol 2005; 43: 508-514 [PMID:
16006003 DOI: 10.1016/j.jhep.2005.02.042]
Alberti KG, Zimmet P, Shaw J. The metabolic syndrome--a
new worldwide definition. Lancet 2005; 366: 1059-1062 [PMID:
16182882 DOI: 10.1016/s0140-6736(05)67402-8]
Al Rifai M, Silverman MG, Nasir K, Budoff MJ, Blankstein R,
Szklo M, Katz R, Blumenthal RS, Blaha MJ. The association of
nonalcoholic fatty liver disease, obesity, and metabolic syndrome,
with systemic inflammation and subclinical atherosclerosis: the
Multi-Ethnic Study of Atherosclerosis (MESA). Atherosclerosis
2015; 239: 629-633 [PMID: 25683387 DOI: 10.1016/j.atheroscler
osis.2015.02.011]
Petersen KF, Dufour S, Hariri A, Nelson-Williams C, Foo JN,

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

13

14

15

16

17
18

19

20

21

22

23

24

25

26

27
28

Zhang XM, Dziura J, Lifton RP, Shulman GI. Apolipoprotein
C3 gene variants in nonalcoholic fatty liver disease. N Engl J
Med 2010; 362: 1082-1089 [PMID: 20335584 DOI: 10.1056/
NEJMoa0907295]
Kahali B, Liu YL, Daly AK, Day CP, Anstee QM, Speliotes EK.
TM6SF2: catch-22 in the fight against nonalcoholic fatty liver
disease and cardiovascular disease? Gastroenterology 2015; 148:
679-684 [PMID: 25639710 DOI: 10.1053/j.gastro.2015.01.038]
Angulo P, Alba LM, Petrovic LM, Adams LA, Lindor KD,
Jensen MD. Leptin, insulin resistance, and liver fibrosis in human
nonalcoholic fatty liver disease. J Hepatol 2004; 41: 943-949
[PMID: 15582127 DOI: 10.1016/j.jhep.2004.08.020]
AlShaalan R, Aljiffry M, Al-Busafi S, Metrakos P, Hassanain
M. Nonalcoholic fatty liver disease: Noninvasive methods of
diagnosing hepatic steatosis. Saudi J Gastroenterol 2015; 21: 64-70
[PMID: 25843191 DOI: 10.4103/1319-3767.153812]
Caballería L, Pera G, Auladell MA, Torán P, Muñoz L, Miranda
D, Alumà A, Casas JD, Sánchez C, Gil D, Aubà J, Tibau A, Canut
S, Bernad J, Aizpurua MM. Prevalence and factors associated
with the presence of nonalcoholic fatty liver disease in an adult
population in Spain. Eur J Gastroenterol Hepatol 2010; 22: 24-32
[PMID: 19730384 DOI: 10.1097/MEG.0b013e32832fcdf0]
Stefan N, Kantartzis K, Häring HU. Causes and metabolic
consequences of Fatty liver. Endocr Rev 2008; 29: 939-960 [PMID:
18723451 DOI: 10.1210/er.2008-0009]
Ioannou GN, Boyko EJ, Lee SP. The prevalence and predictors
of elevated serum aminotransferase activity in the United States
in 1999-2002. Am J Gastroenterol 2006; 101: 76-82 [PMID:
16405537 DOI: 10.1111/j.1572-0241.2005.00341.x]
Ruhl CE, Everhart JE. Determinants of the association of
overweight with elevated serum alanine aminotransferase activity
in the United States. Gastroenterology 2003; 124: 71-79 [PMID:
12512031 DOI: 10.1053/gast.2003.50004]
Clark JM, Brancati FL, Diehl AM. The prevalence and etiology
of elevated aminotransferase levels in the United States. Am J
Gastroenterol 2003; 98: 960-967 [PMID: 12809815 DOI: 10.1111/
j.1572-0241.2003.07486.x]
Patt CH, Yoo HY, Dibadj K, Flynn J, Thuluvath PJ. Prevalence
of transaminase abnormalities in asymptomatic, healthy subjects
participating in an executive health-screening program. Dig Dis Sci
2003; 48: 797-801 [PMID: 12741474]
Piton A, Poynard T, Imbert-Bismut F, Khalil L, Delattre J,
Pelissier E, Sansonetti N, Opolon P. Factors associated with serum
alanine transaminase activity in healthy subjects: consequences
for the definition of normal values, for selection of blood donors,
and for patients with chronic hepatitis C. MULTIVIRC Group.
Hepatology 1998; 27: 1213-1219 [PMID: 9581673 DOI: 10.1002/
hep.510270505]
Pacifico L, Ferraro F, Bonci E, Anania C, Romaggioli S, Chiesa
C. Upper limit of normal for alanine aminotransferase: quo vadis?
Clin Chim Acta 2013; 422: 29-39 [PMID: 23566931 DOI: 10.1016/
j.cca.2013.03.030]
Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M,
Castiglione A, Tiribelli C. The Fatty Liver Index: a simple and
accurate predictor of hepatic steatosis in the general population.
BMC Gastroenterol 2006; 6: 33 [PMID: 17081293 DOI:
10.1186/1471-230X-6-33]
Bedogni G, Kahn HS, Bellentani S, Tiribelli C. A simple index
of lipid overaccumulation is a good marker of liver steatosis.
BMC Gastroenterol 2010; 10: 98 [PMID: 20738844 DOI:
10.1186/1471-230X-10-98]
Fedchuk L, Nascimbeni F, Pais R, Charlotte F, Housset C, Ratziu
V. Performance and limitations of steatosis biomarkers in patients
with nonalcoholic fatty liver disease. Aliment Pharmacol Ther
2014; 40: 1209-1222 [PMID: 25267215 DOI: 10.1111/apt.12963]
Sanal MG. Biomarkers in nonalcoholic fatty liver diseasethe emperor has no clothes? World J Gastroenterol 2015; 21:
3223-3231 [PMID: 25805928 DOI: 10.3748/wjg.v21.i11.3223]
Masarone M, Federico A, Abenavoli L, Loguercio C, Persico M.
Non alcoholic fatty liver: epidemiology and natural history. Rev

WJG|www.wjgnet.com

29
30

31

32
33

34

35

36

37

38

39

40

41
42

43

44

45

11067

Recent Clin Trials 2014; 9: 126-133 [PMID: 25514916]
Day CP, James OF. Steatohepatitis: a tale of two “hits”?
Gastroenterology 1998; 114: 842-845 [PMID: 9547102]
Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD,
Parks EJ. Sources of fatty acids stored in liver and secreted via
lipoproteins in patients with nonalcoholic fatty liver disease. J Clin
Invest 2005; 115: 1343-1351 [PMID: 15864352 DOI: 10.1172/
jci23621]
Seki S, Kitada T, Yamada T, Sakaguchi H, Nakatani K, Wakasa K.
In situ detection of lipid peroxidation and oxidative DNA damage
in non-alcoholic fatty liver diseases. J Hepatol 2002; 37: 56-62
[PMID: 12076862]
Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic
fatty liver disease: the multiple parallel hits hypothesis. Hepatology
2010; 52: 1836-1846 [PMID: 21038418 DOI: 10.1002/hep.24001]
Gariani K, Philippe J, Jornayvaz FR. Non-alcoholic fatty liver
disease and insulin resistance: from bench to bedside. Diabetes
Metab 2013; 39: 16-26 [PMID: 23266468 DOI: 10.1016/
j.diabet.2012.11.002]
Asrih M, Jornayvaz FR. Metabolic syndrome and nonalcoholic
fatty liver disease: Is insulin resistance the link? Mol Cell
Endocrinol 2015; pii: S0303-7207(15)00094-5 [PMID: 25724480
DOI: 10.1016/j.mce.2015.02.018]
Iacono A, Raso GM, Canani RB, Calignano A, Meli R. Probiotics
as an emerging therapeutic strategy to treat NAFLD: focus on
molecular and biochemical mechanisms. J Nutr Biochem 2011; 22:
699-711 [PMID: 21292470 DOI: 10.1016/j.jnutbio.2010.10.002]
Miura K, Seki E, Ohnishi H, Brenner DA. Role of toll-like
receptors and their downstream molecules in the development of
nonalcoholic Fatty liver disease. Gastroenterol Res Pract 2010;
2010: 362847 [PMID: 21274430 DOI: 10.1155/2010/362847]
Cani PD, Bibiloni R, Knauf C, Waget A, Neyrinck AM, Delzenne
NM, Burcelin R. Changes in gut microbiota control metabolic
endotoxemia-induced inflammation in high-fat diet-induced
obesity and diabetes in mice. Diabetes 2008; 57: 1470-1481 [PMID:
18305141 DOI: 10.2337/db07-1403]
Alisi A, Carsetti R, Nobili V. Pathogen- or damage-associated
molecular patterns during nonalcoholic fatty liver disease
development. Hepatology 2011; 54: 1500-1502 [PMID: 22045668
DOI: 10.1002/hep.24611]
Miele L, Valenza V, La Torre G, Montalto M, Cammarota G, Ricci
R, Mascianà R, Forgione A, Gabrieli ML, Perotti G, Vecchio FM,
Rapaccini G, Gasbarrini G, Day CP, Grieco A. Increased intestinal
permeability and tight junction alterations in nonalcoholic fatty
liver disease. Hepatology 2009; 49: 1877-1887 [PMID: 19291785
DOI: 10.1002/hep.22848]
Pacifico L, Bonci E, Marandola L, Romaggioli S, Bascetta S,
Chiesa C. Increased circulating zonulin in children with biopsyproven nonalcoholic fatty liver disease. World J Gastroenterol
2014; 20: 17107-17114 [PMID: 25493023 DOI: 10.3748/wjg.v20.
i45.17107]
Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology:
human gut microbes associated with obesity. Nature 2006; 444:
1022-1023 [PMID: 17183309 DOI: 10.1038/4441022a]
Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact
of the gut microbiota on human health: an integrative view.
Cell 2012; 148: 1258-1270 [PMID: 22424233 DOI: 10.1016/
j.cell.2012.01.035]
Festi D, Schiumerini R, Eusebi LH, Marasco G, Taddia M,
Colecchia A. Gut microbiota and metabolic syndrome. World J
Gastroenterol 2014; 20: 16079-16094 [PMID: 25473159 DOI:
10.3748/wjg.v20.i43.16079]
Zhu L, Baker SS, Gill C, Liu W, Alkhouri R, Baker RD, Gill SR.
Characterization of gut microbiomes in nonalcoholic steatohepatitis
(NASH) patients: a connection between endogenous alcohol and
NASH. Hepatology 2013; 57: 601-609 [PMID: 23055155 DOI:
10.1002/hep.26093]
Mouzaki M, Comelli EM, Arendt BM, Bonengel J, Fung SK,
Fischer SE, McGilvray ID, Allard JP. Intestinal microbiota in
patients with nonalcoholic fatty liver disease. Hepatology 2013;

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

46

47

48
49

50

51

52
53
54

55

56

57

58

59

60

58: 120-127 [PMID: 23401313 DOI: 10.1002/hep.26319]
Raman M, Ahmed I, Gillevet PM, Probert CS, Ratcliffe NM,
Smith S, Greenwood R, Sikaroodi M, Lam V, Crotty P, Bailey
J, Myers RP, Rioux KP. Fecal microbiome and volatile organic
compound metabolome in obese humans with nonalcoholic fatty
liver disease. Clin Gastroenterol Hepatol 2013; 11: 868-875.e1-e3
[PMID: 23454028 DOI: 10.1016/j.cgh.2013.02.015]
Cope K, Risby T, Diehl AM. Increased gastrointestinal ethanol
production in obese mice: implications for fatty liver disease
pathogenesis. Gastroenterology 2000; 119: 1340-1347 [PMID:
11054393]
Minemura M, Shimizu Y. Gut microbiota and liver diseases.
World J Gastroenterol 2015; 21: 1691-1702 [PMID: 25684933
DOI: 10.3748/wjg.v21.i6.1691]
Ma YY, Li L, Yu CH, Shen Z, Chen LH, Li YM. Effects of
probiotics on nonalcoholic fatty liver disease: a meta-analysis.
World J Gastroenterol 2013; 19: 6911-6918 [PMID: 24187469
DOI: 10.3748/wjg.v19.i40.6911]
Floch MH, Walker WA, Madsen K, Sanders ME, Macfarlane
GT, Flint HJ, Dieleman LA, Ringel Y, Guandalini S, Kelly CP,
Brandt LJ. Recommendations for probiotic use-2011 update. J Clin
Gastroenterol 2011; 45 Suppl: S168-S171 [PMID: 21992958 DOI:
10.1097/MCG.0b013e318230928b]
Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist
M, Bodemar G, Kechagias S. Long-term follow-up of patients
with NAFLD and elevated liver enzymes. Hepatology 2006; 44:
865-873 [PMID: 17006923 DOI: 10.1002/hep.21327]
Siddiqui MS, Sterling RK. Posttransplant metabolic syndrome.
Int J Hepatol 2012; 2012: 891516 [PMID: 23227347 DOI:
10.1155/2012/891516]
Than NN, Newsome PN. A concise review of non-alcoholic
fatty liver disease. Atherosclerosis 2015; 239: 192-202 [PMID:
25617860 DOI: 10.1016/j.atherosclerosis.2015.01.001]
Edens MA, Kuipers F, Stolk RP. Non-alcoholic fatty liver disease
is associated with cardiovascular disease risk markers. Obes
Rev 2009; 10: 412-419 [PMID: 19413701 DOI: 10.1111/j.1467789X.2009.00594.x]
Pacifico L, Chiesa C, Anania C, De Merulis A, Osborn JF,
Romaggioli S, Gaudio E. Nonalcoholic fatty liver disease and the
heart in children and adolescents. World J Gastroenterol 2014; 20:
9055-9071 [PMID: 25083079 DOI: 10.3748/wjg.v20.i27.9055]
Ekstedt M, Hagström H, Nasr P, Fredrikson M, Stål P, Kechagias S,
Hultcrantz R. Fibrosis stage is the strongest predictor for diseasespecific mortality in NAFLD after up to 33 years of follow-up.
Hepatology 2015; 61: 1547-1554 [PMID: 25125077 DOI: 10.1002/
hep.27368]
Perazzo H, Munteanu M, Ngo Y, Lebray P, Seurat N, Rutka F,
Couteau M, Jacqueminet S, Giral P, Monneret D, Imbert-Bismut F,
Ratziu V, Hartemann-Huertier A, Housset C, Poynard T. Prognostic
value of liver fibrosis and steatosis biomarkers in type-2 diabetes
and dyslipidaemia. Aliment Pharmacol Ther 2014; 40: 1081-1093
[PMID: 25186086 DOI: 10.1111/apt.12946]
Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom
AR, Liu K, Shea S, Szklo M, Bluemke DA, O’Leary DH, Tracy
R, Watson K, Wong ND, Kronmal RA. Coronary calcium as a
predictor of coronary events in four racial or ethnic groups. N Engl
J Med 2008; 358: 1336-1345 [PMID: 18367736 DOI: 10.1056/
NEJMoa072100]
VanWagner LB, Ning H, Lewis CE, Shay CM, Wilkins J,
Carr JJ, Terry JG, Lloyd-Jones DM, Jacobs DR, Carnethon
MR. Associations between nonalcoholic fatty liver disease and
subclinical atherosclerosis in middle-aged adults: the Coronary
Artery Risk Development in Young Adults Study. Atherosclerosis
2014; 235: 599-605 [PMID: 24956534 DOI: 10.1016/j.atheroscler
osis.2014.05.962]
Mellinger JL, Pencina KM, Massaro JM, Hoffmann U, Seshadri
S, Fox CS, O’Donnell CJ, Speliotes EK. Hepatic steatosis and
cardiovascular disease outcomes: An analysis of the Framingham
Heart Study. J Hepatol 2015; 63: 470-476 [PMID: 25776891 DOI:
10.1016/j.jhep.2015.02.045]

WJG|www.wjgnet.com

61

62

63

64

65

66
67

68
69

70

71

72

73

74

75
76
77

11068

Kim D, Choi SY, Park EH, Lee W, Kang JH, Kim W, Kim YJ,
Yoon JH, Jeong SH, Lee DH, Lee HS, Larson J, Therneau TM,
Kim WR. Nonalcoholic fatty liver disease is associated with
coronary artery calcification. Hepatology 2012; 56: 605-613 [PMID:
22271511 DOI: 10.1002/hep.25593]
Sung KC, Wild SH, Kwag HJ, Byrne CD. Fatty liver, insulin
resistance, and features of metabolic syndrome: relationships with
coronary artery calcium in 10,153 people. Diabetes Care 2012; 35:
2359-2364 [PMID: 22829522 DOI: 10.2337/dc12-0515]
Targher G, Bertolini L, Rodella S, Tessari R, Zenari L, Lippi
G, Arcaro G. Nonalcoholic fatty liver disease is independently
associated with an increased incidence of cardiovascular events in
type 2 diabetic patients. Diabetes Care 2007; 30: 2119-2121 [PMID:
17519430 DOI: 10.2337/dc07-0349]
Speliotes EK, Massaro JM, Hoffmann U, Vasan RS, Meigs JB,
Sahani DV, Hirschhorn JN, O’Donnell CJ, Fox CS. Fatty liver
is associated with dyslipidemia and dysglycemia independent of
visceral fat: the Framingham Heart Study. Hepatology 2010; 51:
1979-1987 [PMID: 20336705 DOI: 10.1002/hep.23593]
Verrijken A, Francque S, Mertens I, Prawitt J, Caron S, Hubens
G, Van Marck E, Staels B, Michielsen P, Gaal LV. Prothrombotic
factors in histologically proven NAFLD and NASH. Hepatology
2013 [DOI: 10.1002/hep.26510]
Yoo HJ, Choi KM. Hepatokines as a Link between Obesity and
Cardiovascular Diseases. Diabetes Metab J 2015; 39: 10-15 [PMID:
25729707 DOI: 10.4093/dmj.2015.39.1.10]
Leite NC, Salles GF, Araujo AL, Villela-Nogueira CA, Cardoso
CR. Prevalence and associated factors of non-alcoholic fatty liver
disease in patients with type-2 diabetes mellitus. Liver Int 2009; 29:
113-119 [PMID: 18384521 DOI: 10.1111/j.1478-3231.2008.01718.
x]
Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of
non-alcoholic fatty liver disease. Dig Dis 2010; 28: 155-161 [PMID:
20460905 DOI: 10.1159/000282080]
Gupte P, Amarapurkar D, Agal S, Baijal R, Kulshrestha P,
Pramanik S, Patel N, Madan A, Amarapurkar A, Hafeezunnisa.
Non-alcoholic steatohepatitis in type 2 diabetes mellitus. J
Gastroenterol Hepatol 2004; 19: 854-858 [PMID: 15242486 DOI:
10.1111/j.1440-1746.2004.03312.x]
Prashanth M, Ganesh HK, Vima MV, John M, Bandgar T, Joshi
SR, Shah SR, Rathi PM, Joshi AS, Thakkar H, Menon PS, Shah
NS. Prevalence of nonalcoholic fatty liver disease in patients
with type 2 diabetes mellitus. J Assoc Physicians India 2009; 57:
205-210 [PMID: 19588648]
Adams LA, Sanderson S, Lindor KD, Angulo P. The histological
course of nonalcoholic fatty liver disease: a longitudinal study of
103 patients with sequential liver biopsies. J Hepatol 2005; 42:
132-138 [PMID: 15629518 DOI: 10.1016/j.jhep.2004.09.012]
Vidal J, Ferrer JP, Esmatjes E, Salmeron JM, González-Clemente
JM, Gomis R, Rodés J. Diabetes mellitus in patients with liver
cirrhosis. Diabetes Res Clin Pract 1994; 25: 19-25 [PMID:
7835208]
Bugianesi E, Manzini P, D’Antico S, Vanni E, Longo F, Leone
N, Massarenti P, Piga A, Marchesini G, Rizzetto M. Relative
contribution of iron burden, HFE mutations, and insulin resistance
to fibrosis in nonalcoholic fatty liver. Hepatology 2004; 39:
179-187 [PMID: 14752836 DOI: 10.1002/hep.20023]
Marchesini G, Brizi M, Morselli-Labate AM, Bianchi G,
Bugianesi E, McCullough AJ, Forlani G, Melchionda N.
Association of nonalcoholic fatty liver disease with insulin
resistance. Am J Med 1999; 107: 450-455 [PMID: 10569299]
Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic
steatohepatitis: Mayo Clinic experiences with a hitherto unnamed
disease. Mayo Clin Proc 1980; 55: 434-438 [PMID: 7382552]
Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tetri
BA. Nonalcoholic steatohepatitis: an expanded clinical entity.
Gastroenterology 1994; 107: 1103-1109 [PMID: 7523217]
Colicchio P, Tarantino G, del Genio F, Sorrentino P, Salda
lamacchia G, Finelli C, Conca P, Contaldo F, Pasanisi F. Nonalcoholic fatty liver disease in young adult severely obese non-

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

78

79
80

81

82

83

84

85
86
87

88

89
90
91

92
93

94
95

diabetic patients in South Italy. Ann Nutr Metab 2005; 49: 289-295
[PMID: 16088092 DOI: 10.1159/000087295]
Beymer C, Kowdley KV, Larson A, Edmonson P, Dellinger EP,
Flum DR. Prevalence and predictors of asymptomatic liver disease
in patients undergoing gastric bypass surgery. Arch Surg 2003; 138:
1240-1244 [PMID: 14609874 DOI: 10.1001/archsurg.138.11.1240]
Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology
in obese patients undergoing bariatric surgery. J Hepatol 2006; 45:
600-606 [PMID: 16899321 DOI: 10.1016/j.jhep.2006.06.013]
Boza C, Riquelme A, Ibañez L, Duarte I, Norero E, Viviani P, Soza
A, Fernandez JI, Raddatz A, Guzman S, Arrese M. Predictors of
nonalcoholic steatohepatitis (NASH) in obese patients undergoing
gastric bypass. Obes Surg 2005; 15: 1148-1153 [PMID: 16197788
DOI: 10.1381/0960892055002347]
Abrams GA, Kunde SS, Lazenby AJ, Clements RH. Portal fibrosis
and hepatic steatosis in morbidly obese subjects: A spectrum of
nonalcoholic fatty liver disease. Hepatology 2004; 40: 475-483
[PMID: 15368453 DOI: 10.1002/hep.20323]
Hocking S, Samocha-Bonet D, Milner KL, Greenfield JR,
Chisholm DJ. Adiposity and insulin resistance in humans: the role
of the different tissue and cellular lipid depots. Endocr Rev 2013;
34: 463-500 [PMID: 23550081 DOI: 10.1210/er.2012-1041]
Kotronen A, Yki-Järvinen H, Sevastianova K, Bergholm R,
Hakkarainen A, Pietiläinen KH, Juurinen L, Lundbom N, Sørensen
TI. Comparison of the relative contributions of intra-abdominal
and liver fat to components of the metabolic syndrome. Obesity
(Silver Spring) 2011; 19: 23-28 [PMID: 20539297 DOI: 10.1038/
oby.2010.137]
Kotronen A, Juurinen L, Tiikkainen M, Vehkavaara S, YkiJärvinen H. Increased liver fat, impaired insulin clearance, and
hepatic and adipose tissue insulin resistance in type 2 diabetes.
Gastroenterology 2008; 135: 122-130 [PMID: 18474251 DOI:
10.1053/j.gastro.2008.03.021]
Verhagen SN, Visseren FL. Perivascular adipose tissue as a
cause of atherosclerosis. Atherosclerosis 2011; 214: 3-10 [PMID:
20646709 DOI: 10.1016/j.atherosclerosis.2010.05.034]
Iacobellis G. Local and systemic effects of the multifaceted
epicardial adipose tissue depot. Nat Rev Endocrinol 2015; 11:
363-371 [PMID: 25850659 DOI: 10.1038/nrendo.2015.58]
Corrao S, Rinollo C, Scaglione R. Non-alcoholic fatty liver
disease: severity of fibrosis and its relationships with clinical
and biological variables. J Hepatol 2015; 62: 1212-1213 [PMID:
25617498 DOI: 10.1016/j.jhep.2015.01.010]
Kagansky N, Levy S, Keter D, Rimon E, Taiba Z, Fridman
Z, Berger D, Knobler H, Malnick S. Non-alcoholic fatty liver
disease--a common and benign finding in octogenarian patients.
Liver Int 2004; 24: 588-594 [PMID: 15566509 DOI: 10.1111/
j.1478-3231.2004.0969.x]
Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Trends
Endocrinol Metab 2000; 11: 327-332 [PMID: 10996528]
Kamada Y, Takehara T, Hayashi N. Adipocytokines and liver
disease. J Gastroenterol 2008; 43: 811-822 [PMID: 19012034
DOI: 10.1007/s00535-008-2213-6]
Stojsavljević S, Gomerčić Palčić M, Virović Jukić L, Smirčić
Duvnjak L, Duvnjak M. Adipokines and proinflammatory
cytokines, the key mediators in the pathogenesis of nonalcoholic
fatty liver disease. World J Gastroenterol 2014; 20: 18070-18091
[PMID: 25561778 DOI: 10.3748/wjg.v20.i48.18070]
Kristiansen OP, Mandrup-Poulsen T. Interleukin-6 and diabetes:
the good, the bad, or the indifferent? Diabetes 2005; 54 Suppl 2:
S114-S124 [PMID: 16306329]
Kamimura D, Ishihara K, Hirano T. IL-6 signal transduction and
its physiological roles: the signal orchestration model. Rev Physiol
Biochem Pharmacol 2003; 149: 1-38 [PMID: 12687404 DOI:
10.1007/s10254-003-0012-2]
Muoio DM, Lynis Dohm G. Peripheral metabolic actions of leptin.
Best Pract Res Clin Endocrinol Metab 2002; 16: 653-666 [PMID:
12468413]
Kakuma T, Lee Y, Higa M, Wang Zw, Pan W, Shimomura I,
Unger RH. Leptin, troglitazone, and the expression of sterol

WJG|www.wjgnet.com

96
97

98

99

100

101

102

103

104
105

106

107

108

109

110

11069

regulatory element binding proteins in liver and pancreatic islets.
Proc Natl Acad Sci USA 2000; 97: 8536-8541 [PMID: 10900012]
Maury E, Brichard SM. Adipokine dysregulation, adipose tissue
inflammation and metabolic syndrome. Mol Cell Endocrinol 2010;
314: 1-16 [PMID: 19682539 DOI: 10.1016/j.mce.2009.07.031]
Wolfs MG, Gruben N, Rensen SS, Verdam FJ, Greve JW, Driessen
A, Wijmenga C, Buurman WA, Franke L, Scheja L, Koonen DP,
Shiri-Sverdlov R, van Haeften TW, Hofker MH, Fu J. Determining
the association between adipokine expression in multiple tissues
and phenotypic features of non-alcoholic fatty liver disease in
obesity. Nutr Diabetes 2015; 5: e146 [PMID: 25664838 DOI:
10.1038/nutd.2014.43]
Tsochatzis E, Papatheodoridis GV, Archimandritis AJ. The
evolving role of leptin and adiponectin in chronic liver diseases.
Am J Gastroenterol 2006; 101: 2629-2640 [PMID: 16952281 DOI:
10.1111/j.1572-0241.2006.00848.x]
Hui E, Xu A, Bo Yang H, Lam KS. Obesity as the common soil of
non-alcoholic fatty liver disease and diabetes: Role of adipokines.
J Diabetes Investig 2013; 4: 413-425 [PMID: 24843689 DOI:
10.1111/jdi.12093]
Huynh FK, Levi J, Denroche HC, Gray SL, Voshol PJ, Neumann
UH, Speck M, Chua SC, Covey SD, Kieffer TJ. Disruption of
hepatic leptin signaling protects mice from age- and diet-related
glucose intolerance. Diabetes 2010; 59: 3032-3040 [PMID:
20876720 DOI: 10.2337/db10-0074]
Nagao K, Inoue N, Ujino Y, Higa K, Shirouchi B, Wang YM,
Yanagita T. Effect of leptin infusion on insulin sensitivity
and lipid metabolism in diet-induced lipodystrophy model
mice. Lipids Health Dis 2008; 7: 8 [PMID: 18348717 DOI:
10.1186/1476-511x-7-8]
Tsochatzis E, Papatheodoridis GV, Hadziyannis E, Georgiou A,
Kafiri G, Tiniakos DG, Manesis EK, Archimandritis AJ. Serum
adipokine levels in chronic liver diseases: association of resistin
levels with fibrosis severity. Scand J Gastroenterol 2008; 43:
1128-1136 [PMID: 18609175 DOI: 10.1080/00365520802085387]
Chitturi S, Farrell G, Frost L, Kriketos A, Lin R, Fung C, Liddle C,
Samarasinghe D, George J. Serum leptin in NASH correlates with
hepatic steatosis but not fibrosis: a manifestation of lipotoxicity?
Hepatology 2002; 36: 403-409 [PMID: 12143049 DOI: 10.1053/
jhep.2002.34738]
Kishida K, Funahashi T, Shimomura I. Adiponectin as a routine
clinical biomarker. Best Pract Res Clin Endocrinol Metab 2014;
28: 119-130 [PMID: 24417951 DOI: 10.1016/j.beem.2013.08.006]
Li M, Xu Y, Xu M, Ma L, Wang T, Liu Y, Dai M, Chen Y, Lu J, Liu J,
Bi Y, Ning G. Association between nonalcoholic fatty liver disease
(NAFLD) and osteoporotic fracture in middle-aged and elderly
Chinese. J Clin Endocrinol Metab 2012; 97: 2033-2038 [PMID:
22466338 DOI: 10.1210/jc.2011-3010]
Moon SS, Lee YS, Kim SW. Association of nonalcoholic fatty
liver disease with low bone mass in postmenopausal women.
Endocrine 2012; 42: 423-429 [PMID: 22407492 DOI: 10.1007/
s12020-012-9639-6]
Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M,
Okamoto Y, Iwahashi H, Kuriyama H, Ouchi N, Maeda K, Nishida
M, Kihara S, Sakai N, Nakajima T, Hasegawa K, Muraguchi M,
Ohmoto Y, Nakamura T, Yamashita S, Hanafusa T, Matsuzawa
Y. Plasma concentrations of a novel, adipose-specific protein,
adiponectin, in type 2 diabetic patients. Arterioscler Thromb Vasc
Biol 2000; 20: 1595-1599 [PMID: 10845877]
Matsumoto H, Tamura S, Kamada Y, Kiso S, Fukushima
J, Wada A, Maeda N, Kihara S, Funahashi T, Matsuzawa Y,
Shimomura I, Hayashi N. Adiponectin deficiency exacerbates
lipopolysaccharide/D-galactosamine-induced liver injury in mice.
World J Gastroenterol 2006; 12: 3352-3358 [PMID: 16733851]
Tsao TS, Murrey HE, Hug C, Lee DH, Lodish HF. Oligomerization
state-dependent activation of NF-kappa B signaling pathway by
adipocyte complement-related protein of 30 kDa (Acrp30). J Biol
Chem 2002; 277: 29359-29362 [PMID: 12087086 DOI: 10.1074/
jbc.C200312200]
Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

111

112

113
114

115
116

117

118

119

120

121

122

123

124

Y, Hotta K, Nishida M, Takahashi M, Nakamura T, Yamashita
S, Funahashi T, Matsuzawa Y. Novel modulator for endothelial
adhesion molecules: adipocyte-derived plasma protein adiponectin.
Circulation 1999; 100: 2473-2476 [PMID: 10604883]
Handy JA, Saxena NK, Fu P, Lin S, Mells JE, Gupta NA, Anania
FA. Adiponectin activation of AMPK disrupts leptin-mediated
hepatic fibrosis via suppressors of cytokine signaling (SOCS-3).
J Cell Biochem 2010; 110: 1195-1207 [PMID: 20564215 DOI:
10.1002/jcb.22634]
Yamauchi T, Nio Y, Maki T, Kobayashi M, Takazawa T, Iwabu M,
Okada-Iwabu M, Kawamoto S, Kubota N, Kubota T, Ito Y, Kamon J,
Tsuchida A, Kumagai K, Kozono H, Hada Y, Ogata H, Tokuyama
K, Tsunoda M, Ide T, Murakami K, Awazawa M, Takamoto
I, Froguel P, Hara K, Tobe K, Nagai R, Ueki K, Kadowaki T.
Targeted disruption of AdipoR1 and AdipoR2 causes abrogation
of adiponectin binding and metabolic actions. Nat Med 2007; 13:
332-339 [PMID: 17268472 DOI: 10.1038/nm1557]
Anania FA. Adiponectin and alcoholic fatty liver: Is it, after
all, about what you eat? Hepatology 2005; 42: 530-532 [PMID:
16116627 DOI: 10.1002/hep.20861]
Spranger J, Kroke A, Möhlig M, Bergmann MM, Ristow M,
Boeing H, Pfeiffer AF. Adiponectin and protection against type 2
diabetes mellitus. Lancet 2003; 361: 226-228 [PMID: 12547549
DOI: 10.1016/s0140-6736(03)12255-6]
Matsuzawa Y. Adiponectin: a key player in obesity related
disorders. Curr Pharm Des 2010; 16: 1896-1901 [PMID:
20370675]
Lemoine M, Ratziu V, Kim M, Maachi M, Wendum D, Paye F,
Bastard JP, Poupon R, Housset C, Capeau J, Serfaty L. Serum
adipokine levels predictive of liver injury in non-alcoholic fatty
liver disease. Liver Int 2009; 29: 1431-1438 [PMID: 19422483
DOI: 10.1111/j.1478-3231.2009.02022.x]
Finelli C, Tarantino G. What is the role of adiponectin in obesity
related non-alcoholic fatty liver disease? World J Gastroenterol
2013; 19: 802-812 [PMID: 23430039 DOI: 10.3748/wjg.v19.
i6.802]
Wei J, Sun X, Chen Y, Li Y, Song L, Zhou Z, Xu B, Lin Y, Xu
S. Perinatal exposure to bisphenol A exacerbates nonalcoholic
steatohepatitis-like phenotype in male rat offspring fed on a highfat diet. J Endocrinol 2014; 222: 313-325 [PMID: 25112833 DOI:
10.1530/JOE-14-0356]
Strakovsky RS, Wang H, Engeseth NJ, Flaws JA, Helferich WG,
Pan YX, Lezmi S. Developmental bisphenol A (BPA) exposure
leads to sex-specific modification of hepatic gene expression and
epigenome at birth that may exacerbate high-fat diet-induced
hepatic steatosis. Toxicol Appl Pharmacol 2015; 284: 101-112
[PMID: 25748669 DOI: 10.1016/j.taap.2015.02.021]
Song S, Zhang L, Zhang H, Wei W, Jia L. Perinatal BPA exposure
induces hyperglycemia, oxidative stress and decreased adiponectin
production in later life of male rat offspring. Int J Environ Res
Public Health 2014; 11: 3728-3742 [PMID: 24705360 DOI:
10.3390/ijerph110403728]
Tarantino G, Valentino R, Di Somma C, D’Esposito V, Passaretti
F, Pizza G, Brancato V, Orio F, Formisano P, Colao A, Savastano S.
Bisphenol A in polycystic ovary syndrome and its association with
liver-spleen axis. Clin Endocrinol (Oxf) 2013; 78: 447-453 [PMID:
22805002 DOI: 10.1111/j.1365-2265.2012.04500.x]
Polyzos SA, Kountouras J, Deretzi G, Zavos C, Mantzoros CS.
The emerging role of endocrine disruptors in pathogenesis of
insulin resistance: a concept implicating nonalcoholic fatty liver
disease. Curr Mol Med 2012; 12: 68-82 [PMID: 22082482]
March WA, Moore VM, Willson KJ, Phillips DI, Norman RJ,
Davies MJ. The prevalence of polycystic ovary syndrome in a
community sample assessed under contrasting diagnostic criteria.
Hum Reprod 2010; 25: 544-551 [PMID: 19910321 DOI: 10.1093/
humrep/dep399]
Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus
Workshop Group. Revised 2003 consensus on diagnostic criteria
and long-term health risks related to polycystic ovary syndrome.
Fertil Steril 2004; 81: 19-25 [PMID: 14711538]

WJG|www.wjgnet.com

125 Barber TM, Franks S. Genetics of polycystic ovary syndrome.
Front Horm Res 2013; 40: 28-39 [PMID: 24002403 DOI:
10.1159/000341682]
126 Welt CK, Duran JM. Genetics of polycystic ovary syndrome.
Semin Reprod Med 2014; 32: 177-182 [PMID: 24715512 DOI:
10.1055/s-0034-1371089]
127 Kauffman RP, Baker TE, Baker V, Kauffman MM, Castracane
VD. Endocrine factors associated with non-alcoholic fatty liver
disease in women with polycystic ovary syndrome: do androgens
play a role? Gynecol Endocrinol 2010; 26: 39-46 [PMID: 20001571
DOI: 10.3109/09513590903184084]
128 Ramezani-Binabaj M, Motalebi M, Karimi-Sari H, RezaeeZavareh MS, Alavian SM. Are women with polycystic ovarian
syndrome at a high risk of non-alcoholic Fatty liver disease; a
meta-analysis. Hepat Mon 2014; 14: e23235 [PMID: 25598791
DOI: 10.5812/hepatmon.23235]
129 Schwimmer JB, Celedon MA, Lavine JE, Salem R, Campbell
N, Schork NJ, Shiehmorteza M, Yokoo T, Chavez A, Middleton
MS, Sirlin CB. Heritability of nonalcoholic fatty liver disease.
Gastroenterology 2009; 136: 1585-1592 [PMID: 19208353 DOI:
10.1053/j.gastro.2009.01.050]
130 Gambarin-Gelwan M, Kinkhabwala SV, Schiano TD, Bodian
C, Yeh HC, Futterweit W. Prevalence of nonalcoholic fatty
liver disease in women with polycystic ovary syndrome. Clin
Gastroenterol Hepatol 2007; 5: 496-501 [PMID: 17287148 DOI:
10.1016/j.cgh.2006.10.010]
131 Hossain N, Stepanova M, Afendy A, Nader F, Younossi Y, Rafiq N,
Goodman Z, Younossi ZM. Non-alcoholic steatohepatitis (NASH)
in patients with polycystic ovarian syndrome (PCOS). Scand J
Gastroenterol 2011; 46: 479-484 [PMID: 21114431 DOI: 10.3109/
00365521.2010.539251]
132 Brzozowska MM, Ostapowicz G, Weltman MD. An association
between non-alcoholic fatty liver disease and polycystic ovarian
syndrome. J Gastroenterol Hepatol 2009; 24: 243-247 [PMID:
19215335 DOI: 10.1111/j.1440-1746.2008.05740.x]
133 Barbieri RL, Makris A, Randall RW, Daniels G, Kistner RW,
Ryan KJ. Insulin stimulates androgen accumulation in incubations
of ovarian stroma obtained from women with hyperandrogenism. J
Clin Endocrinol Metab 1986; 62: 904-910 [PMID: 3514651 DOI:
10.1210/jcem-62-5-904]
134 Conway GS, Avey C, Rumsby G. The tyrosine kinase domain
of the insulin receptor gene is normal in women with hyperin
sulinaemia and polycystic ovary syndrome. Hum Reprod 1994; 9:
1681-1683 [PMID: 7836517]
135 Baranova A, Tran TP, Birerdinc A, Younossi ZM. Systematic review:
association of polycystic ovary syndrome with metabolic syndrome
and non-alcoholic fatty liver disease. Aliment Pharmacol Ther 2011;
33: 801-814 [PMID: 21251033 DOI: 10.1111/j.1365-2036.2011.04579.
x]
136 Dunaif A, Xia J, Book CB, Schenker E, Tang Z. Excessive insulin
receptor serine phosphorylation in cultured fibroblasts and in
skeletal muscle. A potential mechanism for insulin resistance in the
polycystic ovary syndrome. J Clin Invest 1995; 96: 801-810 [PMID:
7635975 DOI: 10.1172/JCI118126]
137 Auchus RJ, Geller DH, Lee TC, Miller WL. The regulation of
human P450c17 activity: relationship to premature adrenarche,
insulin resistance and the polycystic ovary syndrome. Trends
Endocrinol Metab 1998; 9: 47-50 [PMID: 18406239]
138 Vassilatou E, Lafoyianni S, Vryonidou A, Ioannidis D, Kosma
L, Katsoulis K, Papavassiliou E, Tzavara I. Increased androgen
bioavailability is associated with non-alcoholic fatty liver disease
in women with polycystic ovary syndrome. Hum Reprod 2010; 25:
212-220 [PMID: 19887498 DOI: 10.1093/humrep/dep380]
139 Chen MJ, Chiu HM, Chen CL, Yang WS, Yang YS, Ho HN.
Hyperandrogenemia is independently associated with elevated
alanine aminotransferase activity in young women with polycystic
ovary syndrome. J Clin Endocrinol Metab 2010; 95: 3332-3341
[PMID: 20427499 DOI: 10.1210/jc.2009-2698]
140 Dai R, Yan D, Li J, Chen S, Liu Y, Chen R, Duan C, Wei M, Li
H, He T. Activation of PKR/eIF2α signaling cascade is associated

11070

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

141

142

143

144
145
146

147

148

149

150

151
152

153
154

155
156

157

with dihydrotestosterone-induced cell cycle arrest and apoptosis in
human liver cells. J Cell Biochem 2012; 113: 1800-1808 [PMID:
22228470 DOI: 10.1002/jcb.24051]
Baranova A, Tran TP, Afendy A, Wang L, Shamsaddini A, Mehta R,
Chandhoke V, Birerdinc A, Younossi ZM. Molecular signature of
adipose tissue in patients with both non-alcoholic fatty liver disease
(NAFLD) and polycystic ovarian syndrome (PCOS). J Transl Med
2013; 11: 133 [PMID: 23721173 DOI: 10.1186/1479-5876-11-133]
Tan S, Bechmann LP, Benson S, Dietz T, Eichner S, Hahn S,
Janssen OE, Lahner H, Gerken G, Mann K, Canbay A. Apoptotic
markers indicate nonalcoholic steatohepatitis in polycystic ovary
syndrome. J Clin Endocrinol Metab 2010; 95: 343-348 [PMID:
19906783 DOI: 10.1210/jc.2009-1834]
Diamanti-Kandarakis E, Papavassiliou AG. Molecular
mechanisms of insulin resistance in polycystic ovary syndrome.
Trends Mol Med 2006; 12: 324-332 [PMID: 16769248 DOI:
10.1016/j.molmed.2006.05.006]
Goldman MH, Scheraldi CA, Soule WC. Ovarian hyperthecosis
associated with fatty liver disease. Am J Obstet Gynecol 1987; 156:
1239-1240 [PMID: 3578443]
Villa J, Pratley RE. Adipose tissue dysfunction in polycystic ovary
syndrome. Curr Diab Rep 2011; 11: 179-184 [PMID: 21424395
DOI: 10.1007/s11892-011-0189-8]
Corbould A, Dunaif A. The adipose cell lineage is not
intrinsically insulin resistant in polycystic ovary syndrome.
Metabolism 2007; 56: 716-722 [PMID: 17445549 DOI: 10.1016/
j.metabol.2006.12.021]
Hahn S, Haselhorst U, Quadbeck B, Tan S, Kimmig R, Mann K,
Janssen OE. Decreased soluble leptin receptor levels in women
with polycystic ovary syndrome. Eur J Endocrinol 2006; 154:
287-294 [PMID: 16452543 DOI: 10.1530/eje.1.02078]
Yilmaz M, Bukan N, Demirci H, Oztürk C, Kan E, Ayvaz G,
Arslan M. Serum resistin and adiponectin levels in women with
polycystic ovary syndrome. Gynecol Endocrinol 2009; 25: 246-252
[PMID: 19408174 DOI: 10.1080/09513590802653833]
Kelley CE, Brown AJ, Diehl AM, Setji TL. Review of
nonalcoholic fatty liver disease in women with polycystic ovary
syndrome. World J Gastroenterol 2014; 20: 14172-14184 [PMID:
25339805 DOI: 10.3748/wjg.v20.i39.14172]
Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH,
Pasquali R, Welt CK. Diagnosis and treatment of polycystic ovary
syndrome: an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab 2013; 98: 4565-4592 [PMID: 24151290 DOI:
10.1210/jc.2013-2350]
Hashimoto E, Tokushige K. Prevalence, gender, ethnic variations,
and prognosis of NASH. J Gastroenterol 2011; 46 Suppl 1: 63-69
[PMID: 20844903 DOI: 10.1007/s00535-010-0311-8]
Gutierrez-Grobe Y, Ponciano-Rodríguez G, Ramos MH, Uribe M,
Méndez-Sánchez N. Prevalence of non alcoholic fatty liver disease
in premenopausal, posmenopausal and polycystic ovary syndrome
women. The role of estrogens. Ann Hepatol 2010; 9: 402-409
[PMID: 21057159]
Gruber CJ, Tschugguel W, Schneeberger C, Huber JC. Production
and actions of estrogens. N Engl J Med 2002; 346: 340-352 [PMID:
11821512 DOI: 10.1056/NEJMra000471]
Lonardo A, Carani C, Carulli N, Loria P. ‘Endocrine NAFLD’
a hormonocentric perspective of nonalcoholic fatty liver disease
pathogenesis. J Hepatol 2006; 44: 1196-1207 [PMID: 16618516
DOI: 10.1016/j.jhep.2006.03.005]
Shimizu I. Impact of oestrogens on the progression of liver
disease. Liver Int 2003; 23: 63-69 [PMID: 12640729]
Jones ME, Thorburn AW, Britt KL, Hewitt KN, Wreford NG,
Proietto J, Oz OK, Leury BJ, Robertson KM, Yao S, Simpson ER.
Aromatase-deficient (ArKO) mice have a phenotype of increased
adiposity. Proc Natl Acad Sci USA 2000; 97: 12735-12740 [PMID:
11070087 DOI: 10.1073/pnas.97.23.12735]
Heine PA, Taylor JA, Iwamoto GA, Lubahn DB, Cooke PS.
Increased adipose tissue in male and female estrogen receptor-alpha
knockout mice. Proc Natl Acad Sci USA 2000; 97: 12729-12734
[PMID: 11070086 DOI: 10.1073/pnas.97.23.12729]

WJG|www.wjgnet.com

158 Hewitt KN, Pratis K, Jones ME, Simpson ER. Estrogen
replacement reverses the hepatic steatosis phenotype in the male
aromatase knockout mouse. Endocrinology 2004; 145: 1842-1848
[PMID: 14684602 DOI: 10.1210/en.2003-1369]
159 Maffei L, Murata Y, Rochira V, Tubert G, Aranda C, Vazquez
M, Clyne CD, Davis S, Simpson ER, Carani C. Dysmetabolic
syndrome in a man with a novel mutation of the aromatase gene:
effects of testosterone, alendronate, and estradiol treatment. J
Clin Endocrinol Metab 2004; 89: 61-70 [PMID: 14715828 DOI:
10.1210/jc.2003-030313]
160 Camporez JP, Jornayvaz FR, Lee HY, Kanda S, Guigni BA,
Kahn M, Samuel VT, Carvalho CR, Petersen KF, Jurczak MJ,
Shulman GI. Cellular mechanism by which estradiol protects
female ovariectomized mice from high-fat diet-induced hepatic and
muscle insulin resistance. Endocrinology 2013; 154: 1021-1028
[PMID: 23364948 DOI: 10.1210/en.2012-1989]
161 Kupelian V, Page ST, Araujo AB, Travison TG, Bremner
WJ, McKinlay JB. Low sex hormone-binding globulin, total
testosterone, and symptomatic androgen deficiency are associated
with development of the metabolic syndrome in nonobese men. J
Clin Endocrinol Metab 2006; 91: 843-850 [PMID: 16394089 DOI:
10.1210/jc.2005-1326]
162 Laaksonen DE, Niskanen L, Punnonen K, Nyyssönen K,
Tuomainen TP, Valkonen VP, Salonen R, Salonen JT. Testosterone
and sex hormone-binding globulin predict the metabolic syndrome
and diabetes in middle-aged men. Diabetes Care 2004; 27:
1036-1041 [PMID: 15111517]
163 Selvin E, Feinleib M, Zhang L, Rohrmann S, Rifai N, Nelson WG,
Dobs A, Basaria S, Golden SH, Platz EA. Androgens and diabetes
in men: results from the Third National Health and Nutrition
Examination Survey (NHANES III). Diabetes Care 2007; 30:
234-238 [PMID: 17259487 DOI: 10.2337/dc06-1579]
164 Couillard C, Gagnon J, Bergeron J, Leon AS, Rao DC, Skinner
JS, Wilmore JH, Després JP, Bouchard C. Contribution of body
fatness and adipose tissue distribution to the age variation in
plasma steroid hormone concentrations in men: the HERITAGE
Family Study. J Clin Endocrinol Metab 2000; 85: 1026-1031
[PMID: 10720034 DOI: 10.1210/jcem.85.3.6427]
165 Haffner SM, Shaten J, Stern MP, Smith GD, Kuller L. Low levels
of sex hormone-binding globulin and testosterone predict the
development of non-insulin-dependent diabetes mellitus in men.
MRFIT Research Group. Multiple Risk Factor Intervention Trial.
Am J Epidemiol 1996; 143: 889-897 [PMID: 8610702]
166 Dhindsa S, Prabhakar S, Sethi M, Bandyopadhyay A, Chaudhuri
A, Dandona P. Frequent occurrence of hypogonadotropic
hypogonadism in type 2 diabetes. J Clin Endocrinol Metab 2004;
89: 5462-5468 [PMID: 15531498 DOI: 10.1210/jc.2004-0804]
167 Kapoor D, Aldred H, Clark S, Channer KS, Jones TH. Clinical
and biochemical assessment of hypogonadism in men with type 2
diabetes: correlations with bioavailable testosterone and visceral
adiposity. Diabetes Care 2007; 30: 911-917 [PMID: 17392552
DOI: 10.2337/dc06-1426]
168 Rao PM, Kelly DM, Jones TH. Testosterone and insulin
resistance in the metabolic syndrome and T2DM in men. Nat Rev
Endocrinol 2013; 9: 479-493 [PMID: 23797822 DOI: 10.1038/
nrendo.2013.122]
169 Völzke H, Aumann N, Krebs A, Nauck M, Steveling A, Lerch
MM, Rosskopf D, Wallaschofski H. Hepatic steatosis is associated
with low serum testosterone and high serum DHEAS levels
in men. Int J Androl 2010; 33: 45-53 [PMID: 19226405 DOI:
10.1111/j.1365-2605.2009.00953.x]
170 Lazo M, Zeb I, Nasir K, Tracy RP, Budoff MJ, Ouyang P, Vaidya
D. Association Between Endogenous Sex Hormones and Liver
Fat in a Multiethnic Study of Atherosclerosis. Clin Gastroenterol
Hepatol 2015; 13: 1686-1693.e2 [PMID: 25592661 DOI: 10.1016/
j.cgh.2014.12.033]
171 Aversa A, Bruzziches R, Francomano D, Rosano G, Isidori
AM, Lenzi A, Spera G. Effects of testosterone undecanoate on
cardiovascular risk factors and atherosclerosis in middle-aged men
with late-onset hypogonadism and metabolic syndrome: results

11071

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

172

173

174

175

176

177

178
179

180

181

182

183

184

185

186

from a 24-month, randomized, double-blind, placebo-controlled
study. J Sex Med 2010; 7: 3495-3503 [PMID: 20646185 DOI:
10.1111/j.1743-6109.2010.01931.x]
Bhattacharya RK, Khera M, Blick G, Kushner H, Nguyen D,
Miner MM. Effect of 12 months of testosterone replacement therapy
on metabolic syndrome components in hypogonadal men: data from
the Testim Registry in the US (TRiUS). BMC Endocr Disord 2011;
11: 18 [PMID: 22044661 DOI: 10.1186/1472-6823-11-18]
Kalinchenko SY, Tishova YA, Mskhalaya GJ, Gooren LJ, Giltay
EJ, Saad F. Effects of testosterone supplementation on markers of
the metabolic syndrome and inflammation in hypogonadal men with
the metabolic syndrome: the double-blinded placebo-controlled
Moscow study. Clin Endocrinol (Oxf) 2010; 73: 602-612 [PMID:
20718771 DOI: 10.1111/j.1365-2265.2010.03845.x]
Hoyos CM, Yee BJ, Phillips CL, Machan EA, Grunstein RR,
Liu PY. Body compositional and cardiometabolic effects of
testosterone therapy in obese men with severe obstructive sleep
apnoea: a randomised placebo-controlled trial. Eur J Endocrinol
2012; 167: 531-541 [PMID: 22848006 DOI: 10.1530/eje-12-0525]
Nikolaenko L, Jia Y, Wang C, Diaz-Arjonilla M, Yee JK, French
SW, Liu PY, Laurel S, Chong C, Lee K, Lue Y, Lee WN, Swerdloff
RS. Testosterone replacement ameliorates nonalcoholic fatty liver
disease in castrated male rats. Endocrinology 2014; 155: 417-428
[PMID: 24280056 DOI: 10.1210/en.2013-1648]
Jeon YK, Lee JG, Kim SS, Kim BH, Kim SJ, Kim YK, Kim IJ.
Association between bone mineral density and metabolic syndrome
in pre- and postmenopausal women. Endocr J 2011; 58: 87-93
[PMID: 21242648]
Musso G, Paschetta E, Gambino R, Cassader M, Molinaro F.
Interactions among bone, liver, and adipose tissue predisposing to
diabesity and fatty liver. Trends Mol Med 2013; 19: 522-535 [PMID:
23816817 DOI: 10.1016/j.molmed.2013.05.006]
Confavreux CB. Bone: from a reservoir of minerals to a regulator
of energy metabolism. Kidney Int Suppl 2011; (121): S14-S19
[PMID: 21346725 DOI: 10.1038/ki.2011.25]
Musso G, Cassader M, Rosina F, Gambino R. Impact of current
treatments on liver disease, glucose metabolism and cardiovascular
risk in non-alcoholic fatty liver disease (NAFLD): a systematic
review and meta-analysis of randomised trials. Diabetologia 2012;
55: 885-904 [PMID: 22278337 DOI: 10.1007/s00125-011-2446-4]
Fulzele K, Riddle RC, DiGirolamo DJ, Cao X, Wan C, Chen
D, Faugere MC, Aja S, Hussain MA, Brüning JC, Clemens TL.
Insulin receptor signaling in osteoblasts regulates postnatal bone
acquisition and body composition. Cell 2010; 142: 309-319 [PMID:
20655471 DOI: 10.1016/j.cell.2010.06.002]
Pardee PE, Dunn W, Schwimmer JB. Non-alcoholic fatty liver
disease is associated with low bone mineral density in obese
children. Aliment Pharmacol Ther 2012; 35: 248-254 [PMID:
22111971 DOI: 10.1111/j.1365-2036.2011.04924.x]
Mancini T, Mazziotti G, Doga M, Carpinteri R, Simetovic N,
Vescovi PP, Giustina A. Vertebral fractures in males with type 2
diabetes treated with rosiglitazone. Bone 2009; 45: 784-788 [PMID:
19527806 DOI: 10.1016/j.bone.2009.06.006]
Eliades M, Spyrou E, Agrawal N, Lazo M, Brancati FL, Potter
JJ, Koteish AA, Clark JM, Guallar E, Hernaez R. Meta-analysis:
vitamin D and non-alcoholic fatty liver disease. Aliment Pharmacol
Ther 2013; 38: 246-254 [PMID: 23786213 DOI: 10.1111/apt.12377]
Dasarathy J, Periyalwar P, Allampati S, Bhinder V, Hawkins
C, Brandt P, Khiyami A, McCullough AJ, Dasarathy S.
Hypovitaminosis D is associated with increased whole body fat
mass and greater severity of non-alcoholic fatty liver disease.
Liver Int 2014; 34: e118-e127 [PMID: 24118743 DOI: 10.1111/
liv.12312]
Manco M, Ciampalini P, Nobili V. Low levels of 25-hydro
xyvitamin D(3) in children with biopsy-proven nonalcoholic fatty
liver disease. Hepatology 2010; 51: 2229; author reply 2230 [PMID:
20513013 DOI: 10.1002/hep.23724]
Ding N, Yu RT, Subramaniam N, Sherman MH, Wilson C, Rao
R, Leblanc M, Coulter S, He M, Scott C, Lau SL, Atkins AR,
Barish GD, Gunton JE, Liddle C, Downes M, Evans RM. A

WJG|www.wjgnet.com

187

188

189

190

191
192

193

194
195
196

197

198

199

200

201

11072

vitamin D receptor/SMAD genomic circuit gates hepatic fibrotic
response. Cell 2013; 153: 601-613 [PMID: 23622244 DOI: 10.1016/
j.cell.2013.03.028]
Roth CL, Elfers CT, Figlewicz DP, Melhorn SJ, Morton GJ,
Hoofnagle A, Yeh MM, Nelson JE, Kowdley KV. Vitamin D
deficiency in obese rats exacerbates nonalcoholic fatty liver disease
and increases hepatic resistin and Toll-like receptor activation.
Hepatology 2012; 55: 1103-1111 [PMID: 21994008 DOI: 10.1002/
hep.24737]
Nakano T, Cheng YF, Lai CY, Hsu LW, Chang YC, Deng JY,
Huang YZ, Honda H, Chen KD, Wang CC, Chiu KW, Jawan B, Eng
HL, Goto S, Chen CL. Impact of artificial sunlight therapy on the
progress of non-alcoholic fatty liver disease in rats. J Hepatol 2011;
55: 415-425 [PMID: 21184788 DOI: 10.1016/j.jhep.2010.11.028]
Manna P, Jain SK. Vitamin D up-regulates glucose transporter
4 (GLUT4) translocation and glucose utilization mediated by
cystathionine-γ-lyase (CSE) activation and H2S formation in
3T3L1 adipocytes. J Biol Chem 2012; 287: 42324-42332 [PMID:
23074218 DOI: 10.1074/jbc.M112.407833]
Sharifi N, Amani R, Hajiani E, Cheraghian B. Does vitamin
D improve liver enzymes, oxidative stress, and inflammatory
biomarkers in adults with non-alcoholic fatty liver disease? A
randomized clinical trial. Endocrine 2014; 47: 70-80 [PMID:
24968737 DOI: 10.1007/s12020-014-0336-5]
Eliades M, Spyrou E. Vitamin D: a new player in non-alcoholic
fatty liver disease? World J Gastroenterol 2015; 21: 1718-1727
[PMID: 25684936 DOI: 10.3748/wjg.v21.i6.1718]
Hong JW, Kim JY, Kim YE, Lee EJ. Metabolic parameters and
nonalcoholic fatty liver disease in hypopituitary men. Horm
Metab Res 2011; 43: 48-54 [PMID: 20865648 DOI: 10.1055/
s-0030-1265217]
Adams LA, Feldstein A, Lindor KD, Angulo P. Nonalcoholic
fatty liver disease among patients with hypothalamic and pituitary
dysfunction. Hepatology 2004; 39: 909-914 [PMID: 15057893
DOI: 10.1002/hep.20140]
Thomas JD, Monson JP. Adult GH deficiency throughout lifetime.
Eur J Endocrinol 2009; 161 Suppl 1: S97-S106 [PMID: 19684058
DOI: 10.1530/EJE-09-0258]
Takahashi Y. Essential roles of growth hormone (GH) and
insulin-like growth factor-I (IGF-I) in the liver. Endocr J 2012; 59:
955-962 [PMID: 22986486]
Savastano S, Di Somma C, Colao A, Barrea L, Orio F, Finelli
C, Pasanisi F, Contaldo F, Tarantino G. Preliminary data on the
relationship between circulating levels of Sirtuin 4, anthropometric
and metabolic parameters in obese subjects according to growth
hormone/insulin-like growth factor-1 status. Growth Horm IGF Res
2015; 25: 28-33 [PMID: 25466907 DOI: 10.1016/j.ghir.2014.10.006]
Tarantino G, Finelli C, Scopacasa F, Pasanisi F, Contaldo F,
Capone D, Savastano S. Circulating levels of sirtuin 4, a potential
marker of oxidative metabolism, related to coronary artery disease
in obese patients suffering from NAFLD, with normal or slightly
increased liver enzymes. Oxid Med Cell Longev 2014; 2014:
920676 [PMID: 25045415 DOI: 10.1155/2014/920676]
Kokoszko A, Dabrowski J, Lewiński A, Karbownik-Lewińska
M. Protective effects of GH and IGF-I against iron-induced lipid
peroxidation in vivo. Exp Toxicol Pathol 2008; 60: 453-458 [PMID:
18585019 DOI: 10.1016/j.etp.2008.04.012]
Brown-Borg HM, Rakoczy SG, Romanick MA, Kennedy MA.
Effects of growth hormone and insulin-like growth factor-1 on
hepatocyte antioxidative enzymes. Exp Biol Med (Maywood)
2002; 227: 94-104 [PMID: 11815672]
Nishizawa H, Iguchi G, Murawaki A, Fukuoka H, Hayashi Y, Kaji
H, Yamamoto M, Suda K, Takahashi M, Seo Y, Yano Y, Kitazawa
R, Kitazawa S, Koga M, Okimura Y, Chihara K, Takahashi Y.
Nonalcoholic fatty liver disease in adult hypopituitary patients with
GH deficiency and the impact of GH replacement therapy. Eur J
Endocrinol 2012; 167: 67-74 [PMID: 22535644 DOI: 10.1530/
EJE-12-0252]
Gardner CJ, Irwin AJ, Daousi C, McFarlane IA, Joseph F, Bell
JD, Thomas EL, Adams VL, Kemp GJ, Cuthbertson DJ. Hepatic

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

202

203
204
205

206

207

208

209

210

211

212

213

214

215
216

steatosis, GH deficiency and the effects of GH replacement:
a Liverpool magnetic resonance spectroscopy study. Eur J
Endocrinol 2012; 166: 993-1002 [PMID: 22433286 DOI: 10.1530/
eje-12-0002]
Takahashi Y, Iida K, Takahashi K, Yoshioka S, Fukuoka H, Takeno
R, Imanaka M, Nishizawa H, Takahashi M, Seo Y, Hayashi Y,
Kondo T, Okimura Y, Kaji H, Kitazawa R, Kitazawa S, Chihara K.
Growth hormone reverses nonalcoholic steatohepatitis in a patient
with adult growth hormone deficiency. Gastroenterology 2007; 132:
938-943 [PMID: 17324404 DOI: 10.1053/j.gastro.2006.12.024]
Farthing MJ, Green JR, Edwards CR, Dawson AM. Progesterone,
prolactin, and gynaecomastia in men with liver disease. Gut 1982;
23: 276-279 [PMID: 7076004]
Ben-Jonathan N, Hugo ER, Brandebourg TD, LaPensee CR. Focus
on prolactin as a metabolic hormone. Trends Endocrinol Metab 2006;
17: 110-116 [PMID: 16517173 DOI: 10.1016/j.tem.2006.02.005]
Jiang XB, Li CL, He DS, Mao ZG, Liu DH, Fan X, Hu B,
Zhu YH, Wang HJ. Increased carotid intima media thickness
is associated with prolactin levels in subjects with untreated
prolactinoma: a pilot study. Pituitary 2014; 17: 232-239 [PMID:
23756783 DOI: 10.1007/s11102-013-0495-z]
Berinder K, Nyström T, Höybye C, Hall K, Hulting AL. Insulin
sensitivity and lipid profile in prolactinoma patients before and after
normalization of prolactin by dopamine agonist therapy. Pituitary 2011;
14: 199-207 [PMID: 21128120 DOI: 10.1007/s11102-010-0277-9]
Davis LM, Pei Z, Trush MA, Cheskin LJ, Contoreggi C,
McCullough K, Watkins PA, Moran TH. Bromocriptine reduces
steatosis in obese rodent models. J Hepatol 2006; 45: 439-444
[PMID: 16780999 DOI: 10.1016/j.jhep.2006.03.019]
Cordeiro A, Souza LL, Einicker-Lamas M, Pazos-Moura CC.
Non-classic thyroid hormone signalling involved in hepatic lipid
metabolism. J Endocrinol 2013; 216: R47-R57 [PMID: 23297113
DOI: 10.1530/JOE-12-0542]
Eshraghian A, Hamidian Jahromi A. Non-alcoholic fatty liver
disease and thyroid dysfunction: a systematic review. World J
Gastroenterol 2014; 20: 8102-8109 [PMID: 25009382 DOI:
10.3748/wjg.v20.i25.8102]
Turer AT, Browning JD, Ayers CR, Das SR, Khera A, Vega GL,
Grundy SM, Scherer PE. Adiponectin as an independent predictor
of the presence and degree of hepatic steatosis in the Dallas Heart
Study. J Clin Endocrinol Metab 2012; 97: E982-E986 [PMID:
22438228 DOI: 10.1210/jc.2011-3305]
Flamant F, Baxter JD, Forrest D, Refetoff S, Samuels H, Scanlan
TS, Vennström B, Samarut J. International Union of Pharmacology.
LIX. The pharmacology and classification of the nuclear receptor
superfamily: thyroid hormone receptors. Pharmacol Rev 2006; 58:
705-711 [PMID: 17132849 DOI: 10.1124/pr.58.4.3]
Cable EE, Finn PD, Stebbins JW, Hou J, Ito BR, van Poelje PD,
Linemeyer DL, Erion MD. Reduction of hepatic steatosis in rats
and mice after treatment with a liver-targeted thyroid hormone
receptor agonist. Hepatology 2009; 49: 407-417 [PMID: 19072834
DOI: 10.1002/hep.22572]
Jornayvaz FR, Lee HY, Jurczak MJ, Alves TC, Guebre-Egziabher
F, Guigni BA, Zhang D, Samuel VT, Silva JE, Shulman GI.
Thyroid hormone receptor-α gene knockout mice are protected
from diet-induced hepatic insulin resistance. Endocrinology 2012;
153: 583-591 [PMID: 22147010 DOI: 10.1210/en.2011-1793]
B UU, Mn S, Km S, Prashant A, Doddamani P, Sv S. Effect of
insulin resistance in assessing the clinical outcome of clinical and
subclinical hypothyroid patients. J Clin Diagn Res 2015; 9: OC01OC04 [PMID: 25859477 DOI: 10.7860/jcdr/2015/9754.5513]
Misra S, Singh B. Insulin resistance and hypothyroidism: a
complex relationship in non-alcoholic fatty liver disease. J Indian
Med Assoc 2013; 111: 324-326, 329 [PMID: 24765691]
Ittermann T, Haring R, Wallaschofski H, Baumeister SE, Nauck
M, Dörr M, Lerch MM, Meyer zu Schwabedissen HE, Rosskopf
D, Völzke H. Inverse association between serum free thyroxine
levels and hepatic steatosis: results from the Study of Health in
Pomerania. Thyroid 2012; 22: 568-574 [PMID: 22574630 DOI:
10.1089/thy.2011.0279]

WJG|www.wjgnet.com

217 Chung GE, Kim D, Kim W, Yim JY, Park MJ, Kim YJ, Yoon JH,
Lee HS. Non-alcoholic fatty liver disease across the spectrum of
hypothyroidism. J Hepatol 2012; 57: 150-156 [PMID: 22425701
DOI: 10.1016/j.jhep.2012.02.027]
218 Pagadala MR, Zein CO, Dasarathy S, Yerian LM, Lopez R,
McCullough AJ. Prevalence of hypothyroidism in nonalcoholic
fatty liver disease. Dig Dis Sci 2012; 57: 528-534 [PMID: 22183820
DOI: 10.1007/s10620-011-2006-2]
219 Tao Y, Gu H, Wu J, Sui J. Thyroid function is associated with
non-alcoholic fatty liver disease in euthyroid subjects. Endocr Res
2015; 40: 74-78 [PMID: 25330278 DOI: 10.3109/07435800.2014.
952014]
220 Carulli L, Ballestri S, Lonardo A, Lami F, Violi E, Losi L,
Bonilauri L, Verrone AM, Odoardi MR, Scaglioni F, Bertolotti
M, Loria P. Is nonalcoholic steatohepatitis associated with a highthough-normal thyroid stimulating hormone level and lower
cholesterol levels? Intern Emerg Med 2013; 8: 297-305 [PMID:
21559749 DOI: 10.1007/s11739-011-0609-4]
221 Eshraghian A, Dabbaghmanesh MH, Eshraghian H, Fattahi MR,
Omrani GR. Nonalcoholic fatty liver disease in a cluster of Iranian
population: thyroid status and metabolic risk factors. Arch Iran
Med 2013; 16: 584-589 [PMID: 24093139]
222 Mazo DF, Lima VM, Stefano JT, Rabelo F, Faintuch J, Oliveira
CP. Gluco-lipidic indices in treated hypothyroidism associated
with nonalcoholic fatty liver disease. Arq Gastroenterol 2011; 48:
186-189 [PMID: 21952703]
223 van Tienhoven-Wind LJ, Dullaart RP. Low-normal thyroid
function and the pathogenesis of common cardio-metabolic
disorders. Eur J Clin Invest 2015; 45: 494-503 [PMID: 25690560
DOI: 10.1111/eci.12423]
224 Xu C, Xu L, Yu C, Miao M, Li Y. Association between thyroid
function and nonalcoholic fatty liver disease in euthyroid elderly
Chinese. Clin Endocrinol (Oxf) 2011; 75: 240-246 [PMID: 21521285
DOI: 10.1111/j.1365-2265.2011.04016.x]
225 Targher G, Montagnana M, Salvagno G, Moghetti P, Zoppini G,
Muggeo M, Lippi G. Association between serum TSH, free T4
and serum liver enzyme activities in a large cohort of unselected
outpatients. Clin Endocrinol (Oxf) 2008; 68: 481-484 [PMID:
17941901 DOI: 10.1111/j.1365-2265.2007.03068.x]
226 Walsh JP. Setpoints and susceptibility: do small differences in
thyroid function really matter? Clin Endocrinol (Oxf) 2011; 75:
158-159 [PMID: 21521305 DOI: 10.1111/j.1365-2265.2011.04036.
x]
227 Baxter JD, Webb P. Thyroid hormone mimetics: potential
applications in atherosclerosis, obesity and type 2 diabetes. Nat Rev
Drug Discov 2009; 8: 308-320 [PMID: 19337272 DOI: 10.1038/
nrd2830]
228 Davis PJ, Lin HY, Mousa SA, Luidens MK, Hercbergs AA,
Wehling M, Davis FB. Overlapping nongenomic and genomic
actions of thyroid hormone and steroids. Steroids 2011; 76:
829-833 [PMID: 21354437 DOI: 10.1016/j.steroids.2011.02.012]
229 Papanastasiou L, Pappa T, Samara C, Apostolopoulou G, Tsiavos
V, Markou A, Alexandraki K, Piaditis G, Chrousos G, Kaltsas
G. Nonalcoholic fatty liver disease in subjects with adrenal
incidentaloma. Eur J Clin Invest 2012; 42: 1165-1172 [PMID:
23078137 DOI: 10.1111/j.1365-2362.2012.02707.x]
230 Pivonello R, De Leo M, Vitale P, Cozzolino A, Simeoli C, De
Martino MC, Lombardi G, Colao A. Pathophysiology of diabetes
mellitus in Cushing’s syndrome. Neuroendocrinology 2010; 92
Suppl 1: 77-81 [PMID: 20829623 DOI: 10.1159/000314319]
231 Tarantino G, Finelli C. Pathogenesis of hepatic steatosis: the link
between hypercortisolism and non-alcoholic fatty liver disease.
World J Gastroenterol 2013; 19: 6735-6743 [PMID: 24187449
DOI: 10.3748/wjg.v19.i40.6735]
232 Rockall AG, Sohaib SA, Evans D, Kaltsas G, Isidori AM, Monson
JP, Besser GM, Grossman AB, Reznek RH. Hepatic steatosis in
Cushing’s syndrome: a radiological assessment using computed
tomography. Eur J Endocrinol 2003; 149: 543-548 [PMID:
14640995]
233 Sakkiah S, Meganathan C, Sohn YS, Namadevan S, Lee KW.

11073

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

234

235

236

237

238

239

240

241

242

243

244
245

246

247

Identification of important chemical features of 11β-hydroxysteroid
dehydrogenase type1 inhibitors: application of ligand based virtual
screening and density functional theory. Int J Mol Sci 2012; 13:
5138-5162 [PMID: 22606035 DOI: 10.3390/ijms13045138]
Gathercole LL, Morgan SA, Bujalska IJ, Hauton D, Stewart PM,
Tomlinson JW. Regulation of lipogenesis by glucocorticoids and
insulin in human adipose tissue. PLoS One 2011; 6: e26223 [PMID:
22022575 DOI: 10.1371/journal.pone.0026223]
Masuzaki H, Paterson J, Shinyama H, Morton NM, Mullins JJ,
Seckl JR, Flier JS. A transgenic model of visceral obesity and
the metabolic syndrome. Science 2001; 294: 2166-2170 [PMID:
11739957 DOI: 10.1126/science.1066285]
Tomlinson JW, Sinha B, Bujalska I, Hewison M, Stewart PM.
Expression of 11beta-hydroxysteroid dehydrogenase type 1 in
adipose tissue is not increased in human obesity. J Clin Endocrinol
Metab 2002; 87: 5630-5635 [PMID: 12466364]
Dowman JK, Hopkins LJ, Reynolds GM, Armstrong MJ, Nasiri
M, Nikolaou N, van Houten EL, Visser JA, Morgan SA, Lavery
GG, Oprescu A, Hübscher SG, Newsome PN, Tomlinson JW. Loss
of 5α-reductase type 1 accelerates the development of hepatic
steatosis but protects against hepatocellular carcinoma in male
mice. Endocrinology 2013; 154: 4536-4547 [PMID: 24080367
DOI: 10.1210/en.2013-1592]
Konopelska S, Kienitz T, Hughes B, Pirlich M, Bauditz J, Lochs
H, Strasburger CJ, Stewart PM, Quinkler M. Hepatic 11beta-HSD1
mRNA expression in fatty liver and nonalcoholic steatohepatitis.
Clin Endocrinol (Oxf) 2009; 70: 554-560 [PMID: 18665910 DOI:
10.1111/j.1365-2265.2008.03358.x]
Candia R, Riquelme A, Baudrand R, Carvajal CA, Morales M,
Solís N, Pizarro M, Escalona A, Carrasco G, Boza C, Pérez G,
Padilla O, Cerda J, Fardella CE, Arrese M. Overexpression of
11β-hydroxysteroid dehydrogenase type 1 in visceral adipose tissue
and portal hypercortisolism in non-alcoholic fatty liver disease.
Liver Int 2012; 32: 392-399 [PMID: 22136330 DOI: 10.1111/
j.1478-3231.2011.02685.x]
Ahmed A, Rabbitt E, Brady T, Brown C, Guest P, Bujalska IJ, Doig
C, Newsome PN, Hubscher S, Elias E, Adams DH, Tomlinson JW,
Stewart PM. A switch in hepatic cortisol metabolism across the
spectrum of non alcoholic fatty liver disease. PLoS One 2012; 7:
e29531 [PMID: 22363403 DOI: 10.1371/journal.pone.0029531]
Charlton M, Angulo P, Chalasani N, Merriman R, Viker K,
Charatcharoenwitthaya P, Sanderson S, Gawrieh S, Krishnan
A, Lindor K. Low circulating levels of dehydroepiandrosterone
in histologically advanced nonalcoholic fatty liver disease.
Hepatology 2008; 47: 484-492 [PMID: 18220286 DOI: 10.1002/
hep.22063]
Koehler E, Swain J, Sanderson S, Krishnan A, Watt K, Charlton
M. Growth hormone, dehydroepiandrosterone and adiponectin
levels in non-alcoholic steatohepatitis: an endocrine signature for
advanced fibrosis in obese patients. Liver Int 2012; 32: 279-286
[PMID: 22098614 DOI: 10.1111/j.1478-3231.2011.02637.x]
Koga M, Saito H, Mukai M, Saibara T, Kasayama S. Serum
dehydroepiandrosterone sulphate levels in patients with nonalcoholic fatty liver disease. Intern Med 2011; 50: 1657-1661
[PMID: 21841322]
Warner FJ, Lubel JS, McCaughan GW, Angus PW. Liver fibrosis:
a balance of ACEs? Clin Sci (Lond) 2007; 113: 109-118 [PMID:
17600527 DOI: 10.1042/CS20070026]
Moreira de Macêdo S, Guimarães TA, Feltenberger JD, Sousa
Santos SH. The role of renin-angiotensin system modulation on
treatment and prevention of liver diseases. Peptides 2014; 62:
189-196 [PMID: 25453980 DOI: 10.1016/j.peptides.2014.10.005]
Bataller R, Sancho-Bru P, Ginès P, Lora JM, Al-Garawi A, Solé M,
Colmenero J, Nicolás JM, Jiménez W, Weich N, Gutiérrez-Ramos
JC, Arroyo V, Rodés J. Activated human hepatic stellate cells
express the renin-angiotensin system and synthesize angiotensin II.
Gastroenterology 2003; 125: 117-125 [PMID: 12851877]
Fallo F, Dalla Pozza A, Tecchio M, Tona F, Sonino N, Ermani
M, Catena C, Bertello C, Mulatero P, Sabato N, Fabris B, Sechi
LA. Nonalcoholic fatty liver disease in primary aldosteronism: a

WJG|www.wjgnet.com

248

249

250
251

252

253

254
255
256

257

258

259
260

261
262

263
264

11074

pilot study. Am J Hypertens 2010; 23: 2-5 [PMID: 19910932 DOI:
10.1038/ajh.2009.206]
Fallo F, Della Mea P, Sonino N, Bertello C, Ermani M, Vettor
R, Veglio F, Mulatero P. Adiponectin and insulin sensitivity in
primary aldosteronism. Am J Hypertens 2007; 20: 855-861 [PMID:
17679033 DOI: 10.1016/j.amjhyper.2007.03.012]
Folli F, Saad MJ, Velloso L, Hansen H, Carandente O, Feener EP,
Kahn CR. Crosstalk between insulin and angiotensin II signalling
systems. Exp Clin Endocrinol Diabetes 1999; 107: 133-139 [PMID:
10320054 DOI: 10.1055/s-0029-1212088]
Liu Z. The renin-angiotensin system and insulin resistance. Curr
Diab Rep 2007; 7: 34-42 [PMID: 17254516]
Paschos P, Tziomalos K. Nonalcoholic fatty liver disease and
the renin-angiotensin system: Implications for treatment. World J
Hepatol 2012; 4: 327-331 [PMID: 23355909 DOI: 10.4254/wjh.
v4.i12.327]
Georgescu EF, Ionescu R, Niculescu M, Mogoanta L, Vancica
L. Angiotensin-receptor blockers as therapy for mild-to-moderate
hypertension-associated non-alcoholic steatohepatitis. World J
Gastroenterol 2009; 15: 942-954 [PMID: 19248193]
Goh GB, Pagadala MR, Dasarathy J, Unalp-Arida A, Sargent
R, Hawkins C, Sourianarayanane A, Khiyami A, Yerian L, Pai
R, McCullough AJ, Dasarathy S. Renin-angiotensin system and
fibrosis in non-alcoholic fatty liver disease. Liver Int 2015; 35:
979-985 [PMID: 24905085 DOI: 10.1111/liv.12611]
Munshi MK, Uddin MN, Glaser SS. The role of the reninangiotensin system in liver fibrosis. Exp Biol Med (Maywood) 2011;
236: 557-566 [PMID: 21508249 DOI: 10.1258/ebm.2011.010375]
Asrih M, Jornayvaz FR. Diets and nonalcoholic fatty liver disease:
the good and the bad. Clin Nutr 2014; 33: 186-190 [PMID:
24262589 DOI: 10.1016/j.clnu.2013.11.003]
Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns
M, Wands JR, Fava JL, Wing RR. Randomized controlled trial
testing the effects of weight loss on nonalcoholic steatohepatitis.
Hepatology 2010; 51: 121-129 [PMID: 19827166 DOI: 10.1002/
hep.23276]
Browning JD, Davis J, Saboorian MH, Burgess SC. A lowcarbohydrate diet rapidly and dramatically reduces intrahepatic
triglyceride content. Hepatology 2006; 44: 487-488 [PMID:
16871586 DOI: 10.1002/hep.21264]
Asrih M, Altirriba J, Rohner-Jeanrenaud F, Jornayvaz FR.
Ketogenic Diet Impairs FGF21 Signaling and Promotes Differential
Inflammatory Responses in the Liver and White Adipose Tissue.
PLoS One 2015; 10: e0126364 [PMID: 25973847 DOI: 10.1371/
journal.pone.0126364]
Andersen T, Gluud C, Franzmann MB, Christoffersen P. Hepatic
effects of dietary weight loss in morbidly obese subjects. J Hepatol
1991; 12: 224-229 [PMID: 2051001]
Jornayvaz FR, Jurczak MJ, Lee HY, Birkenfeld AL, Frederick
DW, Zhang D, Zhang XM, Samuel VT, Shulman GI. A high-fat,
ketogenic diet causes hepatic insulin resistance in mice, despite
increasing energy expenditure and preventing weight gain. Am
J Physiol Endocrinol Metab 2010; 299: E808-E815 [PMID:
20807839 DOI: 10.1152/ajpendo.00361.2010]
Li Y, Liu L, Wang B, Wang J, Chen D. Metformin in non-alcoholic
fatty liver disease: A systematic review and meta-analysis. Biomed
Rep 2013; 1: 57-64 [PMID: 24648894 DOI: 10.3892/br.2012.18]
Watanabe S, Hashimoto E, Ikejima K, Uto H, Ono M, Sumida Y,
Seike M, Takei Y, Takehara T, Tokushige K, Nakajima A, Yoneda M,
Saibara T, Shiota G, Sakaida I, Nakamuta M, Mizuta T, Tsubouchi
H, Sugano K, Shimosegawa T. Evidence-based clinical practice
guidelines for nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis. J Gastroenterol 2015; 50: 364-377 [PMID:
25708290 DOI: 10.1007/s00535-015-1050-7]
Huang YY, Gusdon AM, Qu S. Nonalcoholic fatty liver disease:
molecular pathways and therapeutic strategies. Lipids Health Dis
2013; 12: 171 [PMID: 24209497 DOI: 10.1186/1476-511x-12-171]
Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM,
Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp
A, Van Natta M, Clark J, Brunt EM, Kleiner DE, Hoofnagle JH,

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD

265

266

267

268

269

270

271

272

273
274

275

276

277

278

Robuck PR. Pioglitazone, vitamin E, or placebo for nonalcoholic
steatohepatitis. N Engl J Med 2010; 362: 1675-1685 [PMID:
20427778 DOI: 10.1056/NEJMoa0907929]
Promrat K, Lutchman G, Uwaifo GI, Freedman RJ, Soza
A, Heller T, Doo E, Ghany M, Premkumar A, Park Y, Liang
TJ, Yanovski JA, Kleiner DE, Hoofnagle JH. A pilot study of
pioglitazone treatment for nonalcoholic steatohepatitis. Hepatology
2004; 39: 188-196 [PMID: 14752837 DOI: 10.1002/hep.20012]
Pawlak M, Baugé E, Bourguet W, De Bosscher K, Lalloyer F,
Tailleux A, Lebherz C, Lefebvre P, Staels B. The transrepressive
activity of peroxisome proliferator-activated receptor alpha
is necessary and sufficient to prevent liver fibrosis in mice.
Hepatology 2014; 60: 1593-1606 [PMID: 24995693 DOI: 10.1002/
hep.27297]
Zanchi A, Chiolero A, Maillard M, Nussberger J, Brunner HR,
Burnier M. Effects of the peroxisomal proliferator-activated
receptor-gamma agonist pioglitazone on renal and hormonal
responses to salt in healthy men. J Clin Endocrinol Metab 2004;
89: 1140-1145 [PMID: 15001599 DOI: 10.1210/jc.2003-031526]
Buse JB, Klonoff DC, Nielsen LL, Guan X, Bowlus CL,
Holcombe JH, Maggs DG, Wintle ME. Metabolic effects of two
years of exenatide treatment on diabetes, obesity, and hepatic
biomarkers in patients with type 2 diabetes: an interim analysis of
data from the open-label, uncontrolled extension of three doubleblind, placebo-controlled trials. Clin Ther 2007; 29: 139-153
[PMID: 17379054 DOI: 10.1016/j.clinthera.2007.01.015]
Ekstedt M, Franzén LE, Mathiesen UL, Holmqvist M, Bodemar
G, Kechagias S. Statins in non-alcoholic fatty liver disease and
chronically elevated liver enzymes: a histopathological followup study. J Hepatol 2007; 47: 135-141 [PMID: 17400325 DOI:
10.1016/j.jhep.2007.02.013]
Hyogo H, Tazuma S, Arihiro K, Iwamoto K, Nabeshima Y, Inoue
M, Ishitobi T, Nonaka M, Chayama K. Efficacy of atorvastatin for
the treatment of nonalcoholic steatohepatitis with dyslipidemia.
Metabolism 2008; 57: 1711-1718 [PMID: 19013295 DOI: 10.1016/
j.metabol.2008.07.030]
Kargiotis K, Katsiki N, Athyros VG, Giouleme O, Patsiaoura K,
Katsiki E, Mikhailidis DP, Karagiannis A. Effect of rosuvastatin on
non-alcoholic steatohepatitis in patients with metabolic syndrome
and hypercholesterolaemia: a preliminary report. Curr Vasc
Pharmacol 2014; 12: 505-511 [PMID: 24805248]
Yoneda M, Fujita K, Nozaki Y, Endo H, Takahashi H, Hosono K,
Suzuki K, Mawatari H, Kirikoshi H, Inamori M, Saito S, Iwasaki
T, Terauchi Y, Kubota K, Maeyama S, Nakajima A. Efficacy of
ezetimibe for the treatment of non-alcoholic steatohepatitis: An
open-label, pilot study. Hepatol Res 2010; 40: 566-573 [PMID:
20412324 DOI: 10.1111/j.1872-034X.2010.00644.x]
Averna M. The effect of ezetimibe on NAFLD. Atheroscler
Suppl 2015; 17: 27-34 [PMID: 25659874 DOI: 10.1016/s15675688(15)50007-x]
Dowman JK, Armstrong MJ, Tomlinson JW, Newsome PN.
Current therapeutic strategies in non-alcoholic fatty liver disease.
Diabetes Obes Metab 2011; 13: 692-702 [PMID: 21449949 DOI:
10.1111/j.1463-1326.2011.01403.x]
Yfanti C, Nielsen AR, Akerström T, Nielsen S, Rose AJ, Richter
EA, Lykkesfeldt J, Fischer CP, Pedersen BK. Effect of antioxidant
supplementation on insulin sensitivity in response to endurance
exercise training. Am J Physiol Endocrinol Metab 2011; 300:
E761-E770 [PMID: 21325105 DOI: 10.1152/ajpendo.00207.2010]
Abdelmalek MF, Sanderson SO, Angulo P, Soldevila-Pico C, Liu
C, Peter J, Keach J, Cave M, Chen T, McClain CJ, Lindor KD.
Betaine for nonalcoholic fatty liver disease: results of a randomized
placebo-controlled trial. Hepatology 2009; 50: 1818-1826 [PMID:
19824078 DOI: 10.1002/hep.23239]
Leuschner UF, Lindenthal B, Herrmann G, Arnold JC, Rössle M,
Cordes HJ, Zeuzem S, Hein J, Berg T. High-dose ursodeoxycholic
acid therapy for nonalcoholic steatohepatitis: a double-blind,
randomized, placebo-controlled trial. Hepatology 2010; 52:
472-479 [PMID: 20683947 DOI: 10.1002/hep.23727]
Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen

WJG|www.wjgnet.com

279

280

281

282

283

284

285

286

287

288

289

290
291

292

11075

R, Angulo P, Lymp JF, Burgart L, Colin P. Ursodeoxycholic
acid for treatment of nonalcoholic steatohepatitis: results of a
randomized trial. Hepatology 2004; 39: 770-778 [PMID: 14999696
DOI: 10.1002/hep.20092]
Zeng T, Zhang CL, Zhao XL, Xie KQ. Pentoxifylline for the
treatment of nonalcoholic fatty liver disease: a meta-analysis
of randomized double-blind, placebo-controlled studies. Eur J
Gastroenterol Hepatol 2014; 26: 646-653 [PMID: 24743504 DOI:
10.1097/meg.0000000000000068]
Jung TW, Youn BS, Choi HY, Lee SY, Hong HC, Yang SJ, Yoo HJ,
Kim BH, Baik SH, Choi KM. Salsalate and adiponectin ameliorate
hepatic steatosis by inhibition of the hepatokine fetuin-A. Biochem
Pharmacol 2013; 86: 960-969 [PMID: 23948064 DOI: 10.1016/
j.bcp.2013.07.034]
Xu J, Lloyd DJ, Hale C, Stanislaus S, Chen M, Sivits G,
Vonderfecht S, Hecht R, Li YS, Lindberg RA, Chen JL, Jung DY,
Zhang Z, Ko HJ, Kim JK, Véniant MM. Fibroblast growth factor
21 reverses hepatic steatosis, increases energy expenditure, and
improves insulin sensitivity in diet-induced obese mice. Diabetes
2009; 58: 250-259 [PMID: 18840786 DOI: 10.2337/db08-0392]
Camporez JP, Jornayvaz FR, Petersen MC, Pesta D, Guigni BA,
Serr J, Zhang D, Kahn M, Samuel VT, Jurczak MJ, Shulman GI.
Cellular mechanisms by which FGF21 improves insulin sensitivity
in male mice. Endocrinology 2013; 154: 3099-3109 [PMID:
23766126 DOI: 10.1210/en.2013-1191]
Li H, Fang Q, Gao F, Fan J, Zhou J, Wang X, Zhang H, Pan X,
Bao Y, Xiang K, Xu A, Jia W. Fibroblast growth factor 21 levels
are increased in nonalcoholic fatty liver disease patients and are
correlated with hepatic triglyceride. J Hepatol 2010; 53: 934-940
[PMID: 20675007 DOI: 10.1016/j.jhep.2010.05.018]
Yilmaz Y, Eren F, Yonal O, Kurt R, Aktas B, Celikel CA, Ozdogan
O, Imeryuz N, Kalayci C, Avsar E. Increased serum FGF21
levels in patients with nonalcoholic fatty liver disease. Eur J
Clin Invest 2010; 40: 887-892 [PMID: 20624171 DOI: 10.1111/
j.1365-2362.2010.02338.x]
Yan H, Xia M, Chang X, Xu Q, Bian H, Zeng M, Rao S, Yao X,
Tu Y, Jia W, Gao X. Circulating fibroblast growth factor 21 levels
are closely associated with hepatic fat content: a cross-sectional
study. PLoS One 2011; 6: e24895 [PMID: 21949781 DOI:
10.1371/journal.pone.0024895]
Samson SL, Sathyanarayana P, Jogi M, Gonzalez EV, Gutierrez
A, Krishnamurthy R, Muthupillai R, Chan L, Bajaj M. Exenatide
decreases hepatic fibroblast growth factor 21 resistance in nonalcoholic fatty liver disease in a mouse model of obesity and in
a randomised controlled trial. Diabetologia 2011; 54: 3093-3100
[PMID: 21956711 DOI: 10.1007/s00125-011-2317-z]
Gaich G, Chien JY, Fu H, Glass LC, Deeg MA, Holland WL,
Kharitonenkov A, Bumol T, Schilske HK, Moller DE. The effects
of LY2405319, an FGF21 analog, in obese human subjects with
type 2 diabetes. Cell Metab 2013; 18: 333-340 [PMID: 24011069
DOI: 10.1016/j.cmet.2013.08.005]
Liu J, Xu Y, Hu Y, Wang G. The role of fibroblast growth factor
21 in the pathogenesis of non-alcoholic fatty liver disease and
implications for therapy. Metabolism 2015; 64: 380-390 [PMID:
25516477 DOI: 10.1016/j.metabol.2014.11.009]
Kharitonenkov A, Wroblewski VJ, Koester A, Chen YF,
Clutinger CK, Tigno XT, Hansen BC, Shanafelt AB, Etgen GJ.
The metabolic state of diabetic monkeys is regulated by fibroblast
growth factor-21. Endocrinology 2007; 148: 774-781 [PMID:
17068132 DOI: 10.1210/en.2006-1168]
Silverman EM, Sapala JA, Appelman HD. Regression of hepatic
steatosis in morbidly obese persons after gastric bypass. Am J Clin
Pathol 1995; 104: 23-31 [PMID: 7611176]
Mottin CC, Moretto M, Padoin AV, Kupski C, Swarowsky AM,
Glock L, Duval V, da Silva JB. Histological behavior of hepatic
steatosis in morbidly obese patients after weight loss induced by
bariatric surgery. Obes Surg 2005; 15: 788-793 [PMID: 15978148
DOI: 10.1381/0960892054222830]
Lassailly G, Caiazzo R, Buob D, Pigeyre M, Verkindt H,
Labreuche J, Raverdy V, Leteurtre E, Dharancy S, Louvet A,

October 21, 2015|Volume 21|Issue 39|

Marino L et al . Endocrine causes of NAFLD
Romon M, Duhamel A, Pattou F, Mathurin P. Bariatric Surgery
Reduces Features of Nonalcoholic Steatohepatitis in Morbidly
Obese Patients. Gastroenterology 2015; 149: 379-388 [PMID:
25917783 DOI: 10.1053/j.gastro.2015.04.014]
293 Chavez-Tapia NC, Tellez-Avila FI, Barrientos-Gutierrez T,
Mendez-Sanchez N, Lizardi-Cervera J, Uribe M. Bariatric surgery
for non-alcoholic steatohepatitis in obese patients. Cochrane

Database Syst Rev 2010; (1): CD007340 [PMID: 20091629 DOI:
10.1002/14651858.CD007340.pub2]
294 Harrison SA, Fincke C, Helinski D, Torgerson S, Hayashi
P. A pilot study of orlistat treatment in obese, non-alcoholic
steatohepatitis patients. Aliment Pharmacol Ther 2004; 20:
623-628 [PMID: 15352910 DOI: 10.1111/j.1365-2036.2004.02153.
x]
P- Reviewer: Gnocchi D, Pacifico L,
Trovato GM, Tarantino G, Vassilatou E
S- Editor: Yu J L- Editor: Filipodia E- Editor: Liu XM

WJG|www.wjgnet.com

11076

October 21, 2015|Volume 21|Issue 39|

World J Gastroenterol 2015 October 21; 21(39): 11077-11087
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i39.11077

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Nonalcoholic Fatty Liver Disease

Liver fibrosis in non-alcoholic fatty liver disease - diagnostic
challenge with prognostic significance
Per Stål
Per Stål, Division of Gastroenterology and Hepatology, Karolinska
Institutet, Department of Digestive Diseases, Huddinge K63,
Karolinska University Hospital, S-141 86 Stockholm, Sweden
Author contributions: Stål P analyzed the literature and wrote
the manuscript.
Supported by Ruth and Richard Julins Foundation, the Stockholm
County Council (ALF projects No. 20140329 and No. 20150403); and
the Swedish Society of Medicine (Gastroenterology Research Fund).
Conflict-of-interest statement: The author has received fees for
serving as a speaker from Bayer AB, Sweden. The author has no
other conflicts of interest to report.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Per Stål, MD, PhD, Division of Gastro
enterology and Hepatology, Karolinska Institutet, Department of
Digestive Diseases, Huddinge K63, Karolinska University Hospital,
S-141 86 Stockholm, Sweden. per.stal@karolinska.se
Telephone: +46-704-255288
Fax: +46-8-58582335
Received: May 4, 2015
Peer-review started: May 9, 2015
First decision: June 23, 2015
Revised: July 18, 2015
Accepted: September 13, 2015
Article in press: September 13, 2015
Published online: October 21, 2015

Key words: Non-alcoholic fatty liver disease; Fibrosis;
Mortality; Biomarkers; Elastography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most
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common liver disease in the Western world, with a
prevalence of 20%. In a subgroup of patients, inflam
mation, ballooning degeneration of hepatocytes and
a varying degree of fibrosis may develop, a condition
named non-alcoholic steatohepatitis. Advanced liver
fibrosis (stage F3) and cirrhosis (stage F4) are histologic
features that most accurately predict increased mortality
in both liver-related and cardiovascular diseases.
Patients with advanced fibrosis or cirrhosis are at risk
for complications such as hepatocellular carcinoma and
esophageal varices and should therefore be included
in surveillance programs. However, liver disease and
fibrosis are often unrecognized in patients with NAFLD,
possibly leading to a delayed diagnosis of complications.
The early diagnosis of advanced fibrosis in NAFLD is
therefore crucial, and it can be accomplished using
serum biomarkers (e.g. , the NAFLD Fibrosis Score, Fib-4
Index or BARD) or non-invasive imaging techniques
(transient elastography or acoustic radiation force
impulse imaging). The screening of risk groups, such as
patients with obesity and/or type 2 diabetes mellitus,
for NAFLD development with these non-invasive me
thods may detect advanced fibrosis at an early stage.
Additionally, patients with a low risk for advanced
fibrosis can be identified, and the need for liver biopsies
can be minimized. This review focuses on the diagnostic
challenge and prognostic impact of advanced liver
fibrosis in NAFLD.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
has a prevalence of 20% in the Western world. A
subgroup of NAFLD patients develops inflammation
and fibrosis or cirrhosis. This condition, named nonalcoholic steatohepatitis, is associated with increased
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mortality in liver-related and cardiovascular diseases.
Advanced liver fibrosis is the histologic feature that
most accurately predicts future morbidity; therefore,
early detection of advanced fibrosis is crucial. Serum
biomarkers, such as the NAFLD Fibrosis Score, Fib-4
Index or BARD, or non-invasive imaging techniques,
such as transient elastography, may identify patients
with a low risk for advanced fibrosis and minimize the
need for liver biopsy.
Stål P. Liver fibrosis in non-alcoholic fatty liver disease diagnostic challenge with prognostic significance. World J
Gastroenterol 2015; 21(39): 11077-11087 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11077.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11077

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common liver disease in the Western world. It has a
global estimated median prevalence of 20%, ranging
from 6.3% to 33% depending on the population,
[1,2]
ethnicity, and assessment method for diagnosis .
Most patients have “simple steatosis” or non-alcoholic
fatty liver (NAFL) without inflammation, tissue damage
or fibrosis. However, in a subgroup of patients, nonalcoholic steatohepatitis (NASH), fibrosis and/or cirr
hosis may develop. The prevalence of NASH in the
general population is unknown, but it is estimated to
[1]
be 3%-5% .
NAFLD is closely related to obesity, type 2 diabetes
mellitus and dyslipidemia, with a prevalence ranging
[2-4]
from 50% to 90% in these patient groups . The
current dogma implicates that NAFL is a stable disease
with or without a very slow, histologic progression
over time, whereas NASH may advance to fibrosis
[1,2,5-8]
and cirrhosis
. However, several recent studies
have challenged this view, demonstrating histological
progression also in NAFL patients without histologic
[9-12]
signs of NASH at baseline
.
It is crucial for clinical management to obtain a
prompt diagnosis of patients with advanced fibrosis
because they carry an increased risk for developing
complications such as hepatocellular carcinoma (HCC)
[5]
or esophageal varices . Consequently, patients with
NAFLD who are diagnosed with advanced fibrosis or
cirrhosis should be included in surveillance programs
that utilize ultrasonography and endoscopy. In
addition, recent data have noted that advanced fibrosis
in NAFLD predicts not only liver-related mortality
but also increased mortality due to cardiovascular
[13]
events . Therefore, patients with an increased risk
for future complications must be identified sufficiently
early to enable closer monitoring compared with those
with a more benign course.
The prevalence of NAFLD is increasing, possibly
due to the growing number of obese individuals in the
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Western world. In Ohio, United States, the number
of patients with NAFLD among those listed for liver
transplantation rose from 0% to 26% from 2000 to
2012. Similarly, the proportion of transplanted patients
with NAFLD as the main diagnosis increased from 0%
[14]
to 23.4% during the same time period .
Fibrogenesis in NAFLD is a critical process that
affects clinical management. This review focuses on
the natural course, diagnostic challenge and prognostic
impact of advanced liver fibrosis on NAFLD.

HISTOPATHOLOGIC CLASSIFICATIONS
OF NASH AND FIBROSIS
The current definition of NAFLD requires evidence of
hepatic steatosis without signs of secondary hepatic fat
accumulation due to alcohol consumption, steatogenic
[5]
medication or hereditary disorders . In the American
Association for the Study of Liver Diseases (AASLD)
Practice Guidelines, NAFL is defined as the presence
of hepatic steatosis with no evidence of hepatocellular
injury (ballooning of the hepatocytes), whereas
NASH comprises the presence of hepatic steatosis
plus inflammation with ballooning, with or without
[5]
fibrosis .
In a pioneering publication from 1999, Matteoni et
[15]
al presented the first diagnostic criteria to categorize
NAFLD into four different subtypes: NAFLD type 1 with
fatty liver alone; type 2 with fatty liver plus lobular
inflammation; type 3 with fatty liver plus ballooning
degeneration; and type 4 with fat accumulation,
ballooning degeneration and either Mallory-Denk
bodies or fibrosis. In that study, fibrosis staging
was not further evaluated. They demonstrated that
cirrhosis developed in 21%-28% of patients whose
liver biopsies displayed NAFLD type 3 or 4, whereas
only 4% of patients with NAFLD type 1 and none of
those with type 2 had cirrhosis development after
a mean follow-up of 10 years. There was a trend
for increased liver-related mortality in patients with
subtypes 3 and 4 compared with subtypes 1 and 2.
The subtypes 3 and 4 are those that we consider today
[16]
to represent NASH .
There was a need for a more quantifiable grading
and staging system, which was addressed by Brunt
[17]
et al
during the same year. They developed a semiquantitative system to grade NASH activity and stage
NASH fibrosis. In their study, three grades of necroinflammatory changes (mild, moderate and severe)
were presented along with a staging score reflecting
both the extent and location of fibrosis. Fibrosis
Stage 1 encompassed perisinusoidal fibrosis, Stage 2
encompassed perisinusoidal with periportal fibrosis,
Stage 3 included bridging fibrosis and Stage 4 included
fully developed cirrhosis. The Brunt grading and
staging system was based on the diagnosis of NASH
depending on several histological features and not only
one single attribute.
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Table 1 Fibrosis staging in non-alcoholic fatty liver disease
according to the Nonalcoholic Steatohepatitis Clinical
[18]
Research Network Pathology Committee
Perisinusoidal or periportal fibrosis
Mild perisinusoidal fibrosis (zone 3)
Moderate perisinusoidal fibrosis (zone 3)
Portal/periportal fibrosis
Perisinusoidal and portal/periportal fibrosis
Bridging fibrosis
Cirrhosis

1
1A
1B
1C
2
3
4

However, an increasing need for a more detailed
scoring system did emerge. Such a system should
enable assessment of the various histologic features
during therapy and encompass the whole spectrum
of NAFLD. Thus, the NASH Clinical Research Network
(CRN) Pathology Committee performed a thorough
univariate and multivariate analysis on the associations
between the different histologic features observed
in NASH and the diagnosis of NASH according to
the Pathology Committee. The result was a scoring
system of both NASH activity (Grade), and collagen
deposition plus architectural remodeling (Stage). The
grading system, the NASH Activity Score (NAS), was
the unweighted sum of three histological components:
steatosis (0-3), lobular inflammation (0-3) and
ballooning degeneration (0-2). It ranged from 0 to
8. NAS includes the features of active injury that
[18]
are potentially reversible . Additionally, the fibrosis
[17]
staging system of Brunt et al was further developed.
In the NASH CRN system, the fibrosis score for stage
1 was subdivided into delicate (1A) and dense (1B)
peri-sinusoidal fibrosis, whereas stage 1C was defined
as portal fibrosis without concomitant peri-sinusoidal
[18]
fibrosis
(Table 1). The NASH CRN fibrosis staging
system is one of the most validated systems currently
[19]
available .
NAS has become widely accepted and used in
[20-22]
clinical trials
, and it is recommended as an
endpoint in trials evaluating short-term treatments of
[19]
NASH . Thus, NAS has proven useful for comparative
analyses and interventional studies but less beneficial
as a diagnostic tool of NASH because neither fibrosis
[23]
nor the location of lesions is included . However,
some authors still consider the numerical composite
score of the NAS value to define whether NASH is
present. However, in the original study by Kleiner et
[18]
al , 16% of patients with a NAS ≥ 5 did not meet
the diagnostic criteria for NASH. Thus, NAS cannot
be considered as a substitute for the diagnosis of
[23]
NASH . Additionally, NAS was shown to be a poor
predictor of fibrosis progression; therefore, it has also
been questioned as a suitable endpoint for clinical
[24]
studies .
[25]
Later, Younossi et al evaluated various pathologic
criteria for the diagnosis of NASH, comparing interobserver agreement and the ability to predict liverrelated mortality. They demonstrated that the original
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Matteoni criteria for NASH was a better predictor for
liver-related mortality than both the Brunt criteria and
[25]
NAS . In their study, fibrosis scoring was simplified
into four categories: (1) centrilobular/perisinusoidal;
(2) centrilobular plus periportal; (3) bridging fibrosis;
and (4) cirrhosis. Among individual features, fibrosis
stages 3-4 (advanced fibrosis) showed the best
independent association with liver-related mortality.
These data indicate that fibrosis is a better predictor
of liver-related mortality than NAS, which only grades
[25]
steatosis and necro-inflammatory activity .
Recently, a new algorithm was developed by
the Fatty Liver Inhibition of Progression Pathology
Consortium based on a composite score evaluating
Steatosis, Activity and Fibrosis (SAF score). Initially,
this score was developed for classifying NAFLD in
[26]
morbidly obese patients , but it has now been
validated in a cohort of patients with NAFLD and
[27]
metabolic syndrome . In contrast to NAS, the SAF
score separates steatosis from necro-inflammation,
two features that may have distinct prognostic
potential. The SAF scores steatosis (0-3), ballooning
degeneration (0-2), lobular inflammation (0-2), and
fibrosis (0-4). NASH is present when steatosis is
present and when both features of activity (ballooning
and lobular inflammation) display at least grade 1.
Interestingly, independent from the classification
of whether NASH is present, the overall histological
severity of disease is scored separately as mild disease
(A < 2, F < 2) or significant disease (A ≥ 2, F ≥ 2),
also considering fibrosis staging. Therefore, NAFLD
patients with less fat but still advanced fibrosis, and
without necro-inflammation, would be classified as
having “significant disease”, even though they did
not fulfill the criteria of NASH. Thus, the fibrosis
component has an impact on the SAF score that may
be relevant for long-term prognostication, although
the association between the SAF score and long-term
liver-related mortality has not yet been evaluated.

NATURAL COURSE OF FIBROSIS
DEVELOPMENT IN NAFLD
Progression of liver fibrosis is observed in one-third of
patients 4-5 years after the first liver biopsy. Variables
associated with progression are obesity and body mass
[28]
index (BMI) . In a study of 106 patients with NAFLD,
fibrosis stage progressed in 37%, remained stable in
34% and regressed in 29%. Diabetes and body mass
[29]
index were associated with fibrosis progression .
In a meta-analysis comprising ten studies with 221
patients, 37.6% had progressive fibrosis over a
mean follow-up time of 5.3 years. In this analysis,
only age and inflammation in the initial biopsy were
[30]
independent predictors of fibrosis progression . Thus,
approximately one-third of NAFLD patients progress in
the fibrosis stage during a five-year follow-up, some of
whom have a more rapid course.
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For a long time, patients with simple hepatic
steatosis without inflammation were considered to
have a benign course with little progression, whereas
progression to cirrhosis was observed only in patients
[1,2,5-8,31,32]
with steatohepatitis
. However, this view has
been modified in studies demonstrating that steatosis
[12]
alone may progress to NASH with fibrosis .
In a study from Hong-Kong, paired liver biopsies
were evaluated, and 23% of patients with simple
steatosis developed NASH over a three-year period,
whereas the regression of NASH was only observed
[9]
in one patient . Weight loss and reduction in waist
circumference were associated with stable disease
activity and non-progressive fibrosis.
In a study on 108 NAFLD patients who underwent
serial liver biopsies with a median interval of 6.6
years, 42% had fibrosis progression. Diabetes was
significantly associated with fibrosis development.
There was no significant difference in the proportion
exhibiting fibrosis progression between patients with
[11]
NAFL or NASH at index biopsy (37% vs 43%) .
In a recent study, 25 patients with NAFL and 45
patients with NASH and/or advanced fibrosis were
followed with repeat liver biopsy for an average of
3.7 years. Among the patients with NAFL, 16 patients
(64%) developed NASH, eight of which had severe
ballooning and six with bridging fibrosis. Mild lobular
inflammation or any degree of fibrosis conveyed a
higher risk of progression than simple steatosis alone.
Older age and deterioration of metabolic risk factors
[33]
were associated with a more rapid progression .
A recent meta-analysis evaluated 411 patients
with biopsy-proven NAFLD from 11 cohort studies
(150 patients with NAFL and 261 patients with NASH).
In the whole cohort, 33.6% of patients had fibrosis
progression. This result was also observed in patients
with NAFL but at a slower pace. In those with NAFL, it
took an average of 14.3 years to progress one stage in
fibrosis score; however, in those with NASH, the time
[10]
to progress with one stage was halved to 7.1 years .
Taken together, the data indicate that fibrosis
progression is also observed in patients with NAFL,
particularly in those with mild inflammatory changes,
delicate fibrosis, older age or deterioration of metabolic
risk factors. However, patients with NASH have a more
rapid course, with a significant risk for liver-related
[6]
mortality .

PROGNOSTICATION OF NAFLD
Several studies have evaluated the overall and
disease-specific mortality in NAFLD. Liver disease
is the third leading cause of death in NAFLD after
[34]
cardiovascular disease and malignancy . In a 28-year
follow-up of 118 Swedish patients with NAFLD, there
was a 69% increased risk of death compared with
the total population, which was adjusted for sex,
age, and calendar period. Those with simple steatosis
had a 55% increased risk; however, in those with
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[35]

NASH, the risk was increased to 86% . In another
Swedish cohort study of 129 patients with biopsyproven NAFLD with a mean follow-up of 13.7 years,
survival and causes of death were compared with a
matched reference population. Mortality was increased
in patients with NASH but not in those with NAFL. The
major causes of death were cardiovascular and liver[31]
related events . In a recent paper, these two cohorts
were merged in a study comprising 229 patients with
a mean follow-up of 26 years. In that study, advanced
fibrosis (stage 3-4) was an independent predictor of
overall and disease-specific mortality, whereas NAS >
[13]
4 was not associated with increased mortality .
These results indicate that fibrosis has a strong
association to long-term outcome, and they are in
line with previous studies. The original NASH criteria
[15]
presented by Matteoni et al , which include fibrosis
staging, shows a better association with liver-related
mortality than both the NAS or Brunt criteria. When
evaluating distinct pathologic features, advanced
fibrosis shows the best independent association with
[25]
liver-related mortality .
Interestingly, non-invasive biomarkers of advanced
fibrosis can also predict mortality. Three-hundred
two patients with NAFLD were sub-grouped as lowrisk (60%) and intermediate-to-high risk individuals
(40%), according to the non-invasive NAFLD fibrosis
score (NFS). In a multivariate analysis, a higher NFS
[36]
at baseline was significantly predictive of death .
In another retrospective, multicenter cohort study of
320 patients with biopsy-proven NAFLD, non-invasive
scoring systems correlated with an increased risk for
liver-related complications or death, and NFS had the
[37]
best performance to identify patients at risk .
Non-invasive biomarkers of liver fibrosis were
also tested in 2312 patients with type 2 diabetes
and/or dyslipidemia, and the patients were followed
prospectively for 5-15 years. Biomarkers indicative
of advanced fibrosis were associated with overall
[38]
mortality in a multivariate Cox model .
In studies from tertiary centers, selection bias leads
to a high proportion of patients with advanced fibrosis
or NASH. By contrast, population-based studies on
NAFLD demonstrate a considerably smaller proportion
of patients with advanced fibrosis. In the National
Health and Nutrition Examination Survey conducted
in 1988-1994, mortality data were followed-up
through December 31, 2006. NAFLD was diagnosed
on ultrasonography examination in 3792 individuals,
comprising 34% of the total cohort, but the NAFLD
fibrosis score indicative of advanced fibrosis (NFS >
0.676) was only observed in 3.2%, whereas 71.7%
had NFS consistent with a lack of significant fibrosis
(NFS < -1.455). After a median follow-up of 14.5
years, NAFLD in general was not associated with
higher mortality. However, subjects with a high NFS
indicative of advanced fibrosis had a 69% increase
in mortality, mostly from cardiovascular events, and
[39]
independent of other known risk factors .
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The major causes of death in NAFL are car
[8]
diovascular disease and cancer . In type 2 diabetes,
the diagnosis of NAFLD is associated with an increased
incidence of cardiovascular events, and this association
was independent of other metabolic risk factors,
suggesting that NAFLD by itself confers an increased
[40]
risk for cardiovascular disease . Interestingly, 86%
of the diabetic NAFLD patients had normal liver
[40]
enzymes . The same authors also investigated
carotid artery intima-media thickness (IMT) in patients
with diabetes and NAFLD, and they found a strong
association with the degree of hepatic steatosis,
necroinflammation, and fibrosis. After adjustment for
other potential confounders, the grade of NASH activity
and stage of fibrosis independently predicted carotid
[41]
IMT in a logistic regression analysis .
Taken together, the data indicate that advanced
fibrosis is a strong predictor of increased overall and
liver-related mortality in NAFLD and that NAFLD
itself is an independent risk factor for cardiovascular
disease.

NON-INVASIVE DIAGNOSIS OF
ADVANCED FIBROSIS IN NAFLD
Clinical and laboratory variables (serum biomarkers)

Clinical predictors of advanced fibrosis in NAFLD are
male sex, Caucasian ethnicity, diabetes mellitus,
obesity and increased aspartate transaminase (AST) or
[42,43]
alanine aminotransferase (ALT) levels
. However,
there is a poor correlation between ALT levels and
[44]
NASH, or the stage of fibrosis . In a study of 222
patients with NAFLD, 23% had normal ALT. The
proportion of patients with advanced fibrosis was
[5]
similar among those with normal and elevated ALT .
AST is a better predictor for advanced fibrosis than
ALT. In early studies on NAFLD, an AST/ALT ratio > 1
[43]
was found to be associated with advanced fibrosis .
Another test that includes AST is the AST: platelet
[45]
ratio index (APRI) , with a negative predictive value
of 94% to exclude advanced fibrosis (F3-4) in NAFLD.
Another laboratory parameter related to fibrosis is
serum ferritin. In a study of 628 patients with biopsyproven NAFLD, elevated serum ferritin (> 1.5 × ULN)
was associated with the diagnosis of NASH, high NAS,
[46]
and development of advanced hepatic fibrosis .
For clinical decision-making with the purpose of
identifying patients with an indication for liver biopsy,
several composite scores have been explored. In 2007,
the NAFLD fibrosis score (NFS), based on six routine
clinical parameters, was developed and validated in
[47]
> 700 patients with biopsy-proven NAFLD . The
parameters are age, BMI, the presence of diabetes or
impaired fasting glucose, the AST/ALT ratio, platelet
count and albumin. A score below -1.455 has a
high negative predictive value to exclude advanced
fibrosis (stage 3-4), whereas a score > 0.676 predicts
advanced fibrosis. Only patients in the indeterminate
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range between these two values need to undergo
[47]
liver biopsy, thus avoiding up to 75% of biopsies .
In a meta-analysis from 2010, the pooled AUROC,
sensitivity and specificity of NFS for the detection of
NASH with advanced fibrosis was 0.85 (0.80-0.93),
[6]
0.90 (0.82-0.99), and 0.97 (0.94-0.99) . The NFS
is endorsed by current American guidelines as a
screening test to exclude low-risk individuals from
[5]
further investigations .
Another simple score that was developed to
exclude the presence of advanced fibrosis in patients
with NAFLD is the BARD score. It is based on three
variables combined in a weighted sum (body mass
index ≥ 28 represents 1 point, the AST/ALT ratio ≥ 0.8
represents 2 points, and diabetes mellitus represents
1 point). A score of 2-4 had an odds ratio of 17
(confidence interval: 9.2-31.9) to determine advanced
fibrosis and a negative predictive value of 96%.
The FIB-4 index was first developed for patients
with hepatitis C and HIV but has been validated and
compared with other non-invasive markers in a cohort
[48]
of 541 NAFLD patients . FIB-4 is based on patient
age, AST, ALT, and platelet count. This index was
superior to both NFS and BARD in this specific cohort.
An FIB-4 index ≥ 2.67 had an 80% positive predictive
value, and a value ≤ 1.30 had a 90% negative
predictive value to diagnose advanced fibrosis. These
[49]
results were also confirmed in a Japanese study .
Recently, a new non-invasive score, the non-in
vasive Koeln-Essen-index (NIKEI) based on age, AST,
AST/ALT ratio, and total bilirubin, was compared with
[50]
the FIB-4 index . NIKEI had a slightly better AUROC
of 0.968 than 0.929 for the FIB-4 index. The authors
concluded that NIKEI can reliably exclude advanced
fibrosis in subjects with NAFLD, particularly if used in
conjunction with the FIB-4 index.
More complex scores include markers related to
[51]
matrix turnover. Guha et al developed the “Enhanced
Liver fibrosis panel” (ELF), a panel of tissue inhibitor of
matrix metalloproteinase 1 (TIMP 1), hyaluronic acid
(HA), and aminoterminal peptide of pro-collagen Ⅲ
(P3NP). The ELF has an area under the curve (AUC)
of 0.90 for distinguishing severe fibrosis. The addition
of more variables from the NAFLD Fibrosis Score
(NFS) improved the diagnostic performance of the
ELF, yielding an AUC of 0.98, but these results have to
be confirmed in larger studies. The ELF has also been
[52]
validated in pediatric patients with NAFLD .
Another composite score is the Hepascore,
originally developed for chronic hepatitis C, which
includes six variables (age, sex, α2- macroglobulin,
[53]
hyaluronic acid, bilirubin, γ‑glutamyltransferase) .
The Hepascore seems to be more accurate than the
[53]
BARD and APRI but is similar to the FIB‑4 score .
Proprietary panels have also been developed to
evaluate fibrosis in NAFLD. First, the FibroMeter™
-NAFLD includes seven variables (age, body weight,
ferritin, platelets, AST, ALT, and fasting glucose). Its
AUROC to predict significant fibrosis (F2-4) was better
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than that of the NAFLD fibrosis score, however with
[54]
similar accuracy to predict cirrhosis . Second, the
FibroTest™, which is based on a combination of age,
gender, bilirubin, γ‑glutamyltransferase, apolipoprotein
A1, haptoglobin, and α2-macroglobulin, has a per
[55]
formance similar to the FibroMeter™-NAFLD .
[56]
Adams et al
compared the performance of
several scores and concluded that more complex
scores (NFS, Fibrotest, Hepascore) perform better
than simple ones (BARD). However, all scores based
on biochemical parameters have modest accuracy for
determining significant fibrosis (F2-4) with predictive
values less than 90% in the majority of subjects,
whereas the accuracy to exclude advanced fibrosis
[56]
(F3-4) is better .
Which of these scores should be used in clinical
practice? All of them have high negative predictive
[57-59]
values to exclude advanced fibrosis
. Pro
prietary tests and more complex panels have the
disadvantage of not being easily accessible in clinical
everyday practice, whereas calculators for NFS, BARD
score and the FIB-4 index are easily found on the
Internet. In current American guidelines, the NFS is
[5,59]
recommended
, but some authors claim that BARD
[60]
is easier to estimate than NFS , whereas other
[61]
support FIB-4
or a combination of FIB-4 and BARD
[62]
in a stepwise fashion .

Transient elastography

Transient elastography (TE; Fibroscan™) was first
developed for the assessment of liver fibrosis in
patients with chronic hepatitis C, in which it showed a
[63]
good correlation with the METAVIR fibrosis stage .
The Fibroscan™ probe creates a low-frequency (50 Hz)
elastic shear wave, which propagates through the liver
tissue. The velocity of the shear-wave is measured
and is directly related to tissue stiffness, which, in
turn, is associated with the stage of fibrosis. Transient
elastography is a quick and easy method, with a short
procedure time and yielding immediate results. TE
has been evaluated in patients with NAFLD in several
[64-70]
studies
. In a meta-analysis, the pooled AUROC,
sensitivity and specificity values of Fibroscan™ for the
detection of NASH with advanced fibrosis were 0.94
(0.90-0.99), 0.94 (0.88-0.99) and 0.95 (0.89-0.99),
[6]
respectively . In another meta-analysis, transient
elastography had an AUROC of 0.84-1.00 to exclude
[71]
advanced fibrosis . It had a high negative predictive
value and a modest positive predictive value, indicating
its usefulness as a screening test in the decisionmaking for liver biopsy. The cut-offs for excluding
advanced fibrosis differ between various diagnoses. In
NAFLD, liver biopsy may be considered in patients with
a liver stiffness greater than 7.9 kPa using the M-probe
(7.2 kPa with the XL-probe), a cut-off above which
[65]
advanced fibrosis may occur .
The major pitfall for the use of transient elas
tography in NAFLD is the high failure rate due to
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invalid measurements in patients with high BMI and/
[67]
or central obesity . Failure rates lie approximately
[67,69,72]
within 14%-17% using the standard (M-) probe
[69]
but can be improved to < 2% using the XL-probe .
Comparative studies on the M- and XL-probes show
that the stiffness values with the XL-probe in general
[66]
are 1.7 ± 2.3 kPa lower than those with the M-probe .
Therefore, separate cut-off values have been su
[57]
ggested for the XL-probe .
[57]
In a comprehensive review, Castera et al
su
ggest the sequential use of serum markers and
elastography to predict the severity of fibrosis and help
decision-making on whom to perform a liver biopsy for
the staging of fibrosis (Figure 1). First, the use of the
NAFLD fibrosis score (NFS) is suggested in patients
with suspected NAFLD, as recommended by both
the AASLD and European Association of the Study of
[5,59]
the Liver guidelines
. Patients with intermediate
NFS values (between -1.455 and 0.676) are further
evaluated with transient elastography. A TE value < 7.9
kPa with the M-probe (< 7.2 kPa with the XL-probe)
excludes advanced fibrosis with a negative predictive
value of 89%-95%. These patients can be managed
at primary care centers. However, a TE value > 9.6
kPa with the M-probe (> 9.3 kPa with the XL-probe)
confirms advanced fibrosis with a positive predictive
[57]
value of 72% , and patients should be screened with
endoscopy for esophageal varices and ultrasonography
for hepatocellular carcinoma. Thus, applying this
algorithm, liver biopsies are only needed in patients
with an NFS value between -1.455 and 0.676 and a
Fibroscan value between 7.9-9.6 kPa with the M-probe
[57]
(7.2-9.3 kPa with the XL-probe) .

Acoustic radiation force impulse imaging

Acoustic radiation force impulse imaging (ARFI) uses
short-duration acoustic pulses that generate shear
waves, which propagate through tissues and generate
[73]
small tissue displacements . ARFI is easily applied
in ultrasonography machines that are commercially
available and slightly modified. Two studies compared
ARFI with transient elastography and found similar
[74,75]
diagnostic performance between the two methods
.
Cut-off values for advanced fibrosis in NAFLD have not
yet been validated in larger studies.

Magnetic resonance elastography

In MR elastography (MRE), acoustic shear waves with
frequencies between 40 and 120 Hz are generated
by a pneumatic or electromechanical driver that is
placed adjacent to the abdominal wall of the patient
[76]
lying in supine position . A modified phase-contrast
MRI sequence is used to image the propagation of the
shear wave in the region of interest of the liver. The
technique can be used on conventional MRI systems
with additional hardware and software. A study from
2011 suggests that MRE could detect advanced fibrosis
[75]
in patients with NAFLD with a high accuracy . In a
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NAFLD

NFS
< -1.455

Low likelihood
of advanced fibrosis

NFS
-1.455 - 0.676

NFS
> 0.676

Transient
elastography

M-probe < 7.9 kPa
XL-probe < 7.2 kPa

High likelihood of
advanced fibrosis

M-probe 7.9-9.6 kPa
XL-probe 7.2-9.3 kPa

M-probe > 9.6 kPa
XL-probe > 9.3 kPa

Liver biopsy
Advanced fibrosis?

Clinical follow-up
No

Yes

HCC surveillance
screening for
esophageal
varices

Figure 1 Proposed algorithm for the non-invasive diagnosis of advanced fibrosis in non-alcoholic fatty liver disease, as suggested by Castera et al[57].
NFS: NAFLD Fibrosis Score; NAFLD: non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma.

recent prospective study of 102 patients with biopsyproven NAFLD, the MRE had a high diagnostic accuracy
[77]
for predicting advanced fibrosis (AUROC 0.957) . The
MRE technique is time-consuming and has a high cost;
therefore, it has not yet been established in clinical
practice.

SHOULD RISK GROUPS BE SCREENED
FOR FIBROSIS?
One may argue that the treatment of NAFLD is the
same regardless of whether fibrosis is diagnosed-i.
e., weight loss, increased physical activity and optimal
glucose control if diabetes is present. Recent data
demonstrate, however, that NAFLD patients with
advanced fibrosis or cirrhosis have an increased risk
for liver-related mortality, particularly the development
of HCC. This risk is estimated to be > 2% per year if
[78]
cirrhosis is present . Only small HCC tumors found
at an early stage have a potential for cure, if treated
with liver transplantation, hepatic resection or local
ablation. Patients with NAFLD and advanced fibrosis
should therefore be evaluated if they are candidates
for HCC surveillance with semiannual ultrasonography
investigations.
Presently, HCC surveillance is largely defective in
patients with NAFLD. In a recent study on the use of
HCC surveillance in clinical practice, the diagnosis of
NAFLD increases the risk of not receiving surveillance
[79]
more than two-fold . In more than one-third of
HCC patients with NAFLD, surveillance is missed
as a consequence of undiagnosed liver disease,
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compared with only 7.5% in patients with hepatitis
C. Furthermore, in NAFLD, only 13% of HCCs are
discovered by surveillance compared with 35%
in hepatitis C. Even if HCC can be encountered in
[80]
non-cirrhotic livers , the incidence increases with
concurrent cirrhosis.
In a cohort of 1500 patients with hepatocellular
carcinoma from Veterans Administration (VA) hospitals
in the United States, NAFLD is the third most common
risk factor for HCC and is observed in 8% of cases.
Fifty-eight percent of NAFLD cases have underlying
cirrhosis, and a lower proportion of these cases
received treatment compared with HCV-associated
[81]
HCC cases . Thus, undiagnosed liver disease or
unrecognized advanced fibrosis is common in NAFLD,
leading to a high proportion of HCC patients who can
[79]
only be offered palliative treatments .
One patient group in whom screening for NAFLD
and advanced fibrosis would be feasible is type 2
diabetics. In a study of 1918 patients with diabetes, >
98% had reliable elastography measurements (1770
with the M probe and 114 with the XL probe). The
proportion of patients with increased liver stiffness was
17.7%. Ninety-four patients underwent liver biopsy,
[82]
and 50% of these had advanced fibrosis (F3-4) .
Thus, in this cohort of patients with diabetes type 2
and without any known liver disease, 2.3% were found
to have undiagnosed advanced fibrosis or cirrhosis due
to NAFLD.

CONCLUSION
NAFLD is the most common liver disease worldwide,
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and with an increasing incidence. NAFLD is associated
with an increased mortality in liver-related and
cardiovascular events, the risk of which is highest in
those with NASH and advanced fibrosis. The single
histopathologic feature with the greatest impact on
mortality is liver fibrosis, which can be divided into
four stages (F1-4). One aim is to discover significant
fibrosis (F2-4) in time to intensify treatment and delay
further progression. If advanced fibrosis or cirrhosis
(F3-4) has developed, there is an increased risk for
hepatocellular carcinoma, and these patients should
be considered for HCC surveillance. Screening tests
to exclude advanced fibrosis comprise non-invasive
serum biomarkers (NAFLD Fibrosis Score, BARD or
FIB-4 index) or non-invasive imaging techniques
based on liver stiffness measurements (transient
elastography, ARFI or MRE). With these tests, patients
without a risk of advanced fibrosis can be excluded,
and the need for liver biopsies can be minimized.
Strategies should also be developed to identify NAFLD
patients with significant fibrosis among risk groups-e.
g., patients with type 2 diabetes and/or obesity.
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Abstract
In the Western world, nonalcoholic fatty liver disease
(NAFLD) is considered as one of the most signi
ficant liver diseases of the twenty-first century. Its
development is certainly driven by environmental
factors, but it is also regulated by genetic background.
The role of heritability has been widely demonstrated
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by several epidemiological, familial, and twin studies
and case series, and likely reflects the wide interindividual and inter-ethnic genetic variability in systemic
metabolism and wound healing response processes.
Consistent with this idea, genome-wide association
studies have clearly identified Patatin-like phosholipase
domain-containing 3 gene variant I148M as a major
player in the development and progression of NAFLD.
More recently, the transmembrane 6 superfamily
member 2 E167K variant emerged as a relevant
contributor in both NAFLD pathogenesis and cardio
vascular outcomes. Furthermore, numerous casecontrol studies have been performed to elucidate the
potential role of candidate genes in the pathogenesis
and progression of fatty liver, although findings are
sometimes contradictory. Accordingly, we performed
a comprehensive literature search and review on the
role of genetics in NAFLD. We emphasize the strengths
and weaknesses of the available literature and outline
the putative role of each genetic variant in influencing
susceptibility and/or progression of the disease.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is
regarded as the most significant liver disease from the
twenty-first century in the Western world. Although its
development is surely driven by environmental factors,
it is also regulated by genetic background. The role of
heritability has been widely demonstrated by several
studies, likely reflecting the diverse genetic variability
in systemic metabolism and wound healing response
processes. Accordingly, we performed a review of
the literature on the role of genetics in NAFLD and
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outlined here the putative role of each genetic variant
in influencing susceptibility and/or progression of the
disease.
Macaluso FS, Maida M, Petta S. Genetic background in
nonalcoholic fatty liver disease: a comprehensive review. World
J Gastroenterol 2015; 21(39): 11088-11111 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i39/11088.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i39.11088

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) consists of
a spectrum of disorders characterized predominantly
by macrovesicular hepatic steatosis in absence of
significant alcohol consumption. In this context,
it is correct to discriminate between a condition
of simple fatty liver, where the only histological
finding is the presence of steatosis, and a state of
nonalcoholic steatohepatitis (NASH), featured by
hepatocellular injury and inflammation, with or without
[1]
fibrosis . NAFLD is regarded as the most relevant
liver disease of the twenty-first century. Indeed, it has
been estimated that NAFLD affects approximately 1
[2]
billion individuals worldwide . It is the number one
cause of altered aminotransferases in the Western
[3]
world , where at least one third of the population
[4]
is affected . Importantly, a considerable proportion
of NAFLD subjects (20%-30%) develop NASH, and
this condition, as opposed to simple fatty liver, is a
potentially progressive hepatic disorder that can lead to
end-stage liver disease and hepatocellular carcinoma
[5]
(HCC) . In addition, several lines of evidence clearly
demonstrated that all NAFLD/NASH patients are at
high risk of cardiovascular diseases, type 2 diabetes
[6]
(T2D), kidney failure, and colorectal cancer . In
this complex scenario, NAFLD development is surely
driven by environmental factors - particularly dietary
habits and a sedentary lifestyle - but it also requires a
background of genetic susceptibility. Indeed, the real
explanation for the wide inter-individual variability in
the occurrence of NAFLD and progression to NASH after correction for environmental factors - is provided
by heritability. Much data has been accumulated over
the years about the burden of heritability in NAFLD,
as provided by epidemiological, familial, twin studies,
[7-10]
and case series
. Furthermore, racial and ethnic
differences have been reported in the prevalence
of NAFLD, where it is most common in East Asian
Indians, followed by Hispanics, Asians, Caucasians,
[11-13]
and less frequently in African Americans
. In
addition to differential exposure to metabolic risk
factors, genetic variability in metabolism and wound
healing response have surely influenced - at least in
part - such differences. Not by chance, a great amount
of evidence on the role of genetics in NAFLD/NASH has
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been produced during the last 10-15 years. Genetic
studies can be divided into two categories: candidate
gene studies and genome-wide association studies
(GWAS). A GWAS is a hypothesis-free method for
testing the association between all common variants
in the human genome and polymorphic traits, such as
diseases, drug response, and others. It is a powerful
and statistically poorly biased method. On the other
hand, candidate gene studies are generally derived
from the results of previous genomic/proteomic
and/or animal studies, where then a candidate gene
is selected to investigate its putative role in the
pathogenesis of a disease through a case-control
single nucleotide polymorphism (SNP) study, with all
potential methodological limits inherent to such type of
[14]
study .
In this review, we have attempted to perform
a comprehensive summary of the literature on the
role of genetics in NAFLD/NASH, including the most
recent evidence on genetic variants identified both
by GWAS and candidate gene studies. Furthermore,
we emphasize the strengths and weaknesses of the
available literature for each variant, trying also to
outline their putative role in NAFLD/NASH susceptibility
and disease progression (Figure 1). Despite recent
progress, several key issues remain to be addressed
in the next years, particularly the details about the
interaction between genetic background and acquired
risk factors in disease pathogenesis and response to
current treatments.

GENETIC VARIANTS AFFECTING NAFLD
IDENTIFIED BY GWAS
[15]

Romeo et al
was the first to report that the
rs738409 C>G SNP in the Patatin-like phospholipase
domain-containing 3 (PNPLA3) gene, encoding the
isoleucine to methionine variant at protein position
148 (I148M), was strongly associated with increased
liver fat content. Since then, several other pieces of
evidence have highlighted the role of PNPLA3 in the
development and progression of NAFLD. Furthermore,
other SNPs have been identified by GWAS (table 1).
Among them, transmembrane 6 superfamily member
2 (TM6SF2) E167K variant is currently emerging as
another relevant contributor both for NAFLD path
ogenesis and cardiovascular outcomes.

PNPLA3

The PNPLA3 (also known as adiponutrin) gene encodes
a transmembrane polypeptide chain exhibiting
[16]
triglyceride hydrolase activity , which is highly
expressed on the endoplasmic reticulum and lipid
[17]
membranes of hepatocytes and adipose tissue .
[18]
PNPLA3 activity is regulated by glucose and insulin ,
mainly via pathways involving the sterol regulatory
element binding protein-1c, as demonstrated both
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TNF-a
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IL-6
IL-1b
TLR4
IL28B
SOD2
CYP2E1
UCP3
UCP2

PPARGC1A
PPARγ
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TGF-β1
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Carcinogenesis
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Figure 1 Hematic overview of the main genetic variants potentially involved in nonalcoholic fatty liver disease/nonalcoholic steatohepatitis susceptibility
and progression. GWAS: Genome-wide association studies; HCC: Hepatocellular carcinoma.
[19]

in animal models and human hepatocytes . The
I148M variant - a SNP with a risk allele frequency
of 21%-28% in European populations - impairs the
phospholipase activity of the enzyme, thus reducing
lipid catabolism, although it might also gain new
[17]
functions
with a resulting increase in the synthesis
[20]
of phosphatidic acid . In addition, the PNPLA3
variant has been associated with a loss of retinyl[21]
palmitate lipase activity in stellate cells . Taken
together, these data support a link between the
PNPLA3 variant and the above reported wide spectrum
of liver damage. As previously mentioned, the first
report on the PNPLA3 I148M variant in NAFLD came
[15]
from the GWAS by Romeo et al . These authors
identified the relationship between this SNP and liver
fat content, and this association remained significant
after adjusting for metabolic factors, ethanol use, and
ancestry. Of great relevance, the link between PNPLA3
I148M variant and NAFLD is not confounded by the
presence of metabolic syndrome (MS) and its features;
indeed, even if some authors reported an interplay
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[22,23]

between insulin resistance (IR) and the variant
,
most studies did not find such association, as
[24]
confirmed by a recent meta-analysis . Interestingly,
this independent association between the PNPLA3
I148M variant and NAFLD could be more relevant
in women than in men, as highlighted by Speliotes
[25]
et al
in a gender specific analysis performed on
a histological NASH cohort. Beyond these gender
differences, however, the PNPLA3 I148M variant
could explain, at least in part, the variations in NAFLD
prevalence across different multiple ethnicities. Indeed,
[15]
the original report by Romeo et al
already found
that the frequencies of the 148M allele matched the
[11]
prevalence of NAFLD in the Dallas Heart Study , such
that Hispanics had the highest frequency of the 148M
allele (49%), followed by European Americans (23%)
and African Americans (17%). These ethnic differences
[26]
were subsequently confirmed by other investigators .
Over the last few years, several studies not only have
further emphasized how the PNPLA3 I148M variant
[27,28]
is associated robustly with liver fat content
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Table 1 Genetic variants involved in susceptibility and/or progression of nonalcoholic fatty liver disease identified by genome-wide
association studies
Gene
PNPLA3, patatine-like phospholipase domain containing 3

SNP

Association with

rs738409

Steatosis
NASH/necroinflammation
Severity of fibrosis
HCC development
Steatosis
NASH/necroinflammation
Severity of fibrosis
Reduced cardiovascular risk
Steatosis
Steatosis
Steatosis
Severity of fibrosis
Steatosis
NAFLD activity score
Severity of fibrosis
Lobular inflammation
Lobular inflammation
Lobular inflammation

TM6SF2, transmembrane 6 superfamily member 2

rs58542926

NCAN, neurocan
PPP1R3B, protein phosphatase 1 regulatory subunit 3b
GCKR, glucokinase regulatory protein

rs2228603
rs4240624
rs780094

LYPLAL1, lysophospholipase-like 1
FDFT1, farnesyl diphosphate farnesyl transferase 1
PDGFA, platelet-derived growth factor alpha
COL13A1, collagen type XIII alpha1
LTBP3, latent transforming growth factor-beta-protein 3
EFCAB4B, EF-hand calcium binding domain 4B

rs12137855
rs2645424
rs343062
rs1227756
rs6591182
rs887304

SNP: Single nucleotide polymorphism; NASH: Nonalcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma.

but also revealed the link between the variant and
the severity of liver injury, in terms of portal and
[29]
lobular inflammation and Mallory-Denk bodies ,
presence of NASH, and severity of histological liver
[25,30]
[31]
fibrosis
or liver stiffness measurement values .
This interplay between the PNPLA3 I148M variant
and advanced fibrosis in patients with NASH has
[32]
been further confirmed by a recent meta-analysis .
It is noteworthy that the role of PNPLA3 in NAFLD
susceptibility and progression has been reported also
in pediatric patients. In this line, the 148M allele was
[33]
associated with higher liver fat content in Hispanic
[34]
and obese Taiwanese children , and with histological
hallmarks of severity of liver injury - steatosis,
hepatocellular ballooning and lobular inflammation,
and presence of NASH and fibrosis - in Caucasian
[35]
children and adolescents . Interestingly, the PNPLA3
genotype seems to influence steatosis development
also in chronic hepatitis C (CHC) patients, and it has
been independently associated with the progression
of CHC, including fibrosis, cirrhosis, and HCC occur
[36,37]
rence
. Furthermore, it has been associated with
susceptibility to steatosis in patients with chronic
[38]
hepatitis B and with cirrhosis and HCC development
[39,40]
in patients with alcohol abuse
. Recently, the
association between the PNPLA3 variant I148M and
the risk of HCC development has been robustly
[41,42]
validated in patients with NAFLD
, and it has
been estimated that the homozygous carriers of the
p.148M mutation carry a 12-fold increased HCC risk
[43]
as compared to p.I148 homozygotes . Considering
all the aforementioned effects of PNPLA3 genotype on
not only NAFLD, but also on alcoholic liver disease and
CHC, some authors have proposed defining a novel
clinical entity based on the presence of PNPLA3 risk
allele - PNPLA3-associated steatohepatitis (“PASH”) i.e., patients with fatty liver disease in whom PNPLA3
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appears to be a major driver of disease progression in
combination with ethanol consumption and Western
[44]
diet . Furthermore, PNPLA3 genotype has been
evaluated as a possible modifier of NAFLD-associated
systemic alterations. Our group recently examined the
presence of carotid atherosclerosis in a Sicilian NAFLD
cohort and its relation with several SNPs, including
[45]
PNPLA3 . We found that the prevalence of carotid
plaques and intima media thickness thickening was
significantly higher in PNPLA3 GG compared to CC/CG
genotype, particularly among patients under 50 years.
This finding was also confirmed in a validation cohort
from Northern Italy, where PNPLA3 GG genotype was
independently associated with intima media thickness
[46]
progression. Recently, Musso et al
associated the
PNPLA I148M variant with the presence of chronic
kidney disease, a well-known marker of a higher
cardiovascular risk in NAFLD. Finally, a recent study by
[23]
Sevastianova et al
evaluated whether weight loss
was able to decrease liver fat in homozygous carriers
of the G allele of PNPLA3; investigators found that
liver fat content decreased significantly more in the
148MM group than in the 148Ⅱ after a short course
of low carbohydrate diet, although 148Ⅱ and 148MM
patients lost similar amounts of body weight. Overall,
although the major role of PNPLA3 in susceptibility and
progression of fatty liver has been widely elucidated,
further research is needed to fully understand the
role of PNPLA3 genotype on systemic alterations and
treatment outcomes in patients with NAFLD/NASH.

TM6SF2

One of the most recently described and intriguing
genetic factors in NAFLD scenario is the nonsy
nonymous variant rs58542926 (c.449 C>T) within
a gene of mostly unknown functions called TM6SF2
at the 19p13.11 locus, which encodes an E167K
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amino acid substitution. This variant is in strong
linkage disequilibrium with other variants around
the 19p13.11 locus that were previously reported
by another GWAS (see further) to be risk factors for
[47]
NAFLD , suggesting that the new and old signals
could be the same, even if conditional analyses
indicate that TM6SF2 rs58542926 may be the real
causal variant underlying the association at this locus.
The first evidence on this new SNP originated from
[48]
three independent groups. Kozlitina et al
performed
an exome-wide association study in a multiethnic,
population-based cohort derived from the Dallas
Heart Study, identifying the association between
hepatic triglycerides content - evaluated by proton
magnetic resonance spectroscopy - and the TM6SF2
variant rs58542926. In addition, the investigators
highlighted the association between the TM6SF2
variant with higher serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels
- as surrogate for NASH - and with reduced plasma
levels of triglycerides and low-density lipoprotein
(LDL)-cholesterol. Finally, they performed a functional
analysis for the TM6SF2 in mouse models by silencing
the gene via adeno-associated viral vectors. Silencing
of the gene showed a 3-fold increase in hepatic
triglycerides levels and a decrease in plasma levels of
triglycerides, LDL- and high-density lipoprotein (HDL)cholesterols and very low density lipoprotein (VLDL).
Overall, their results demonstrated that the TM6SF2
gene regulated hepatic triglyceride secretion and
that the functional impairment of TM6SF2 promoted
NAFLD. The second study conducted by Mahdessian
[49]
et al reported a positive correlation between hepatic
TM6SF2 mRNA and plasma triglycerides levels and
identified the subcellular localization and function
of TM6SF2. Indeed, TM6SF2 was mainly localized
in the endoplasmic reticulum and endoplasmic
reticulum-Golgi intermediate compartment in human
hepatoma cells. The TM6SF2 silencing in hepatoma
cell lines reduced the expression of genes involved
in the synthesis of triglycerides and the secretion
of triglycerides-rich lipoprotein, demonstrating
that TM6SF2 not only regulated hepatic lipoprotein
secretion but also the hepatic synthesis of triglycerides.
[50]
The third study reported by Liu et al
analyzed
the relationship between the TM6SF2 rs58542926
SNP and the severity of liver disease in patients
with biopsy-proven NAFLD. The authors found that
the TM6SF2 rs58542926 SNP was associated with
necroinflammation, ballooning, and advanced liver
fibrosis. Taken together, these three studies provided
evidence that the TM6SF2 variant was associated with
the development of NAFLD/NASH via the deregulation
of hepatic lipid metabolism. However, not all the
authors reported unequivocal findings. Two studies,
[51]
[52]
one from China
and one from South America ,
have been unable to replicate the relationship bet
ween TM6SF2 and NAFLD. This may be due ethnic
differences in the frequency of carriage of the SNP and

WJG|www.wjgnet.com

to the analysis of underpowered cohorts. Conversely,
[53]
another study from China
confirmed, once again,
the association between the TM6SF2 167K allele and
NAFLD after adjusting for age, sex, body mass index,
and presence of T2D. Thus, the reasons for such
discrepancies have not yet been elucidated fully. The
most interesting aspect about this variant, however,
lies in its key role for the elucidation of the mechanistic
basis of progressive NAFLD and for the development
of a novel point of view on the association between
NAFLD and cardiovascular disease. Consistent with
[54]
this line, Dongiovanni et al
found that 188 (13%)
out of 1201 subjects who underwent liver biopsy for
suspected NASH were carriers of the E167K variant
and that they had lower serum lipid levels than
noncarriers, more severe steatosis, necroinflammation,
ballooning, and fibrosis and were more likely to
have NASH and advanced fibrosis after adjusting
for metabolic factors and the I148M PNPLA3 risk
variant. In addition, E167K carriers had lower risk of
developing carotid plaque; in Swedish obese subjects
assessed for cardiovascular outcomes, E167K carriers
had higher ALT and lower lipid levels but also a lower
incidence of cardiovascular events. Consequently,
carriers of the TM6SF2 E167K variant seem to be
more at risk for progressive NASH, but at the same
time they could be protected against cardiovascular
[46]
diseases. Furthermore, Musso et al
found that the
TM6SF2 T allele was associated with higher eGFR
and with a lower prevalence of albuminuria and
chronic kidney disease - another known marker of an
increased risk for cardiovascular disease in NAFLD. In
other words, TM6SF2 may act as a switch gene able to
disconnect the risk of NAFLD/NASH progression from
cardiovascular risk.

Other genetic variants influencing NAFLD identified by
GWAS
[47]

In 2011, Speliotes et al aimed to discover additional
genetic variants influencing NAFLD susceptibility using
a genome wide analysis of hepatic steatosis assessed
by computed tomography (CT) in large population
based samples. First, authors confirmed the prominent
role of rs738409 of PNPLA3 as the main genetic risk
factor for NAFLD. In addition, they identified four
other SNPs. These were localized in or near the genes
neurocan (NCAN - rs2228603), protein phosphatase
1, regulatory (inhibitor) subunit 3B (PPP1R3B rs4240624), glucokinase regulator (GCKR - rs780094),
and lysophospholipase-like 1 (LYPLAL1 - rs12137855).
NCAN, GCKR, and LYPLAL1, together with PNPLA3,
were associated with both increasing CT hepatic
steatosis and histological NAFLD, whereas PPP1R3B
was associated with CT-assessed steatosis but not
histological NAFLD. NCAN is involved in mechanisms
of cell adhesion and in lipoprotein metabolism, and
its locus was subsequently casually related to the
TM6SF2 minor allele (see above). LYPLAL1 likely
exerts a complementary function to the PNPLA3
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protein in trigliceride catabolism. The protein product
of GCKR has been proposed to interfere with glucose
and lipid homeostasis via the interaction with hepatic
glucokinase and the consequent increased activity of
[55]
the enzyme , ultimately raising the hepatic glycolytic
[56]
flux, de novo lipogenesis, and triglyceride levels .
Several genetic association studies have confirmed the
[57-60]
connection between GCKR rs780094 and NAFLD
,
[61]
including progression of the disease and fibrosis .
These findings were further confirmed by a recent
[62]
meta-analysis
that demonstrated a similar effect
size of such association in both Asian and non-Asian
populations.
[63]
Finally, Chalasani et al
reported another
GWAS in 2010, identifying other variants conferring
susceptibility to occurrence of NAFLD and disease
progression. On a cohort of patients with biopsyproven NAFLD, investigators demonstrated an
association between severity of histological NAFLD
activity score and SNP rs2645424 in the gene
encoding farnesyl diphosphate farnesyl transferase
1 - an enzyme involved in cholesterol biosynthesis.
Strangely, they did not identify PNPLA3 as a risk factor.
However, other associations were reported, including
SNP rs343062 on chromosome 7 (near plateletderived growth factor alpha gene) with the degree of
fibrosis; SNP rs1227756 on chromosome 10 in the
collagen type XIII alpha1 (COL13A1) gene, rs6591182
on chromosome 11 (near latent transforming growth
factor-beta-protein 3 gene), and rs887304 on
chromosome 12 in EF-hand calcium binding domain
4B (EFCAB4B) gene with lobular inflammation; and
SNP rs2499604 on chromosome 1, rs6487679 on
chromosome 12, rs1421201 on chromosome 18, and
rs2710833 on chromosome 4 with serum levels of ALT.
However, all of them require extensive validation in
larger cohorts.

POTENTIAL GENETIC FACTORS
INFLUENCING NAFLD/NASH IDENTIFIED
BY CANDIDATE GENES STUDIES
Several genes have been identified as potential
candidates in the pathogenesis and progression of fatty
liver. In order to give a schematic overview, we roughly
divided all candidate genes into two categories: genes
influencing glucidic or lipid metabolism - directly or
indirectly involved in fatty liver development (table
2) - and genes involved in mechanisms of liver injury
(table 3).

Genes influencing glucidic or lipidic metabolism with a
potential role in NAFLD pathogenesis

ectonucleotide pyrophosphatase/phospho
diesterase1 or plasma cell antigen-1 and
insulin receptor substrate 1: Insulin resistance the hallmark of NAFLD pathophysiology - is strongly
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related to disease progression. Not by chance, SNPs
of genes included in the hepatic insulin signalling
pathway have consistently been reported to influence
[64]
IR and to be potential causes of hepatic injury .
Among them, the ectonucleotide pyrophosphatase/
phosphodiesterase1 (ENPP1)/plasma cell antigen-1
Lys121Gln SNP enhances the interaction between the
ENPP1 membrane glycoprotein and the insulin receptor,
resulting in inhibition of insulin receptor activity. This
SNP has been associated with an increased risk of
[65]
T2D . Furthermore, the loss-of-function Gly972Arg
SNP of IRS-1 - part of the machinery involved in the
insulin signaling pathway - decreases activity of IRS-1,
thereby inhibiting insulin receptor autophosphorylation
[66]
and activity
and thus increasing the risk of IR and
[67]
[68]
T2D . Dongiovanni et al
analyzed the role of
these two SNPs in influencing liver damage in 702
patients with biopsy-proven NAFLD from Italy and the
United Kingdom, finding that both were independently
associated with a marked reduction of insulin signaling
activity and with increased the severity of liver fibrosis.
Interestingly, the effect of the ENPP1 and IRS-1 SNPs
on the severity of liver fibrosis was independent of
ethnic background, as it was observed in patients from
both Italy and the United Kingdom, thus emphasizing
how hepatic IR has a causal role in the progression of
liver damage in NASH.
Adiponectin: Adiponectin is a relevant adipocytokine
[69]
associated with IR and T2D . Several papers have
demonstrated a significant decrease in the serum
[70]
levels of adiponectin in NASH patients and a reduced
expression of its receptor in livers with NASH compared
[71]
to those with simple steatosis . Furthermore,
adiponectin has been associated with liver fibrosis and
[72,73]
inflammation
, suggesting that it might be directly
or indirectly involved in NASH pathogenesis. Variants in
adiponectin (ADIPOQ) - the gene encoding adiponectin
- have been investigated in order to find potential
[74]
associations with NAFLD and its severity. Musso et al
showed that the at-risk ADIPOQ SNPs 45TT and 276GT
were significantly more prevalent in NAFLD than in the
general population and that they were associated with
the severity of liver disease and with an atherogenic
postprandial lipoprotein profile in NASH, independent
of fasting adipokine and lipid levels. Consistent with
this line, a Japanese study highlighted how such
SNPs were associated with IR and progression of liver
[75]
fibrosis in NAFLD Japanese patients . However, these
findings were not replicated in other cohorts. Although
hypoadiponectinemia and IR were observed also in
Chinese NAFLD patients, the 45TT and 276GT SNPs
were not directly associated with NAFLD, even if they
might have indirect effects on systemic metabolism
and/or NAFLD pathogenesis by influencing serum
ALT, body mass index, IR, and plasma adiponectin
[76]
concentration . It is possible that ethnic differences
could explain the discrepancies among these studies.
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Table 2 Genes influencing glucidic or lipid metabolism with a potential role in nonalcoholic fatty liver disease pathogenesis evaluated
by candidate gene studies
Gene

Functions of encoded protein

SNP

ENPP1, ectonucleotide pyrophosphatase/ Interaction with the insulin receptor with consequent reduction of insulin receptor activity
phosphodiesterase1 or PC-1
IRS-1, insulin receptor substrate 1
Part of the machinery involved in insulin pathway as transductor of insulin receptor
signaling
ADIPOQ, adiponectin
Relevant adipocytokine associated with insulin resistance, type 2 diabetes, and NAFLD
pathogenesis
LEPR, leptin receptor
Receptor of leptin, a hormone synthesized by adipocytes that regulates food intake, insulin
action, thermogenesis, and immune system

RETN, Resistin

Adipocytokine involved in lipid metabolism, hepatic insulin resistance, inflammatory
cascade reactions, and fibrogenesis
PEMT, phosphatidylethanolamine
Enzyme involved in the de novo synthesis of phosphatidylcholine in the liver, a biochemical
N-methyltransferase
pathway essential for VLDL formation
FATP5, Fatty Acid Transport Protein 5
Transporter involved in the hepatic uptake of fatty acids
ADRB2 and ADRB3, b-adrenergic receptor b-adrenergic receptors, with several functions including regulation of basal metabolism
2 and 3
and induction of lipolysis

PPARα , peroxisome proliferative
Transcription factor whose activation improves steatosis, inflammation, and fibrosis in preactivated receptor α
clinical models of NAFLD
PPARGC1A, peroxisome proliferatorPGC-1α, involved in mitochondrial functions, oxidative stress, gluconeogenesis, and
activated receptor g coactivator 1-α
lipogenesis
PPARg , peroxisome proliferative activated
Transcription factor whose activation improves IR, restores adipose tissue insulin
receptor g
sensitivity, and decreases fatty free acids flux to the liver
APOE, apolipoprotein E
Mediator of remnant lipoprotein binding to LDL receptors to favor the clearance of
chylomicrons and VLDL
APOC3, apolipoprotein C-Ⅲ
A constituent of plasma VLDL, chylomicrons, and HDL-C that inhibits lipoprotein lipase
and triglycerides clearance
MTTP, microsomal triglyceride transfer
Transfer protein involved in apoB-lipoprotein assembly
protein

LPIN1, lipin 1

Phosphatase specifically involved in metabolic pathways between adipose tissue and liver

rs1044498
rs1801278
rs2241766
rs1501299
rs62589000
rs6700986
rs1137100
rs1137101
rs8179183
rs3745367
rs7946
rs56225452
rs4994
rs1042714
rs2053044
rs11168070
rs11959427
rs1042711
rs1800206
rs8192678
rs2290602
rs1801282
N/A
rs2854116
rs2854117
rs1800591
rs1800804
rs1057613
rs3805335
rs13412852

SNP: Single nucleotide polymorphism; NAFLD: Nonalcoholic fatty liver disease; HDL-C: High-density lipoprotein-cholesterols; VLDL: Very low density
lipoprotein; LDL: Low density lipoprotein.

leptin receptor: Leptin is a hormone synthesized by
adipocytes that regulates food intake, insulin action,
[77]
thermogenesis, and the immune system . Several
[78,79]
studies
have demonstrated the association
between serum leptin levels and risk of NASH,
[80]
although results have been sometimes conflicting .
Accordingly, the leptin receptor has been investigated
due to its potential relevance in the modulation of
leptin sensitivity: common variants in the human
leptin receptor (LEPR) gene have been related with
[81]
[82]
obesity and lipid metabolism , IR and T2D , and
[83-86]
NAFLD
. The LEPR G3057A variant has been
associated with the risk of NAFLD in Chinese diabetic
[83]
[84]
patients , whereas Swellam et al
showed that
NAFLD occurrence was associated with another SNP
in LEPR - rs6700986 - in an Egyptian cohort. Further
[85]
more, Zain et al
investigated the relationship
between polymorphisms in LEPR and NAFLD across
different Asiatic ethnic groups (Malayan, Indian, and
Chinese). Two SNPs (LEPR rs1137100 and rs1137101)
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were associated with susceptibility to NAFLD and
NASH; and, intriguingly, analysis of gene-gene inter
action showed a potential interplay between the LEPR
and PNPLA3 genes. Finally, Lys656Asn SNP of LEPR
was associated with metabolic factors - namely IR,
obesity parameters, and glucose levels - in patients
[86]
with NAFLD . Thus, LEPR variants may be involved
in the occurrence and progression of NAFLD by
influencing insulin sensitivity and/or lipid metabolism,
even if further evidence should be provided to reinforce
such observations.
Resistin: Resistin (RETN) is an adipokine with relevant
metabolic actions and a potential role in NAFLD
pathogenesis. Indeed, murine models showed that
RETN is able to modulate lipid metabolism and hepatic
[87,88]
IR
and may also participate in inflammatory
cascade reactions known to be involved in NASH
[89]
[90]
development
and in processes of fibrogenesis .
Many SNPs of RETN gene have been investigated as

11094

October 21, 2015|Volume 21|Issue 39|

Macaluso FS et al . Genetic background in NAFLD
Table 3 Genes potentially involved in mechanisms of liver injury in nonalcoholic fatty liver disease evaluated by candidate gene studies
Gene
TNF-α , tumor necrosis factor-α

TRAIL, TNF-related apoptosis -inducing ligand
IL-6, interleukin-6
IL-1b , interleukin-1b
TLR4, toll-like receptor 4
IL28B, interleukin-28B
SOD2, superoxide dismutase 2
CYP2E1, cytochrome P450 2E1
UCP3, uncoupling protein 3
UCP2, uncoupling protein 2
MTHFR, methylenetetrahydrofolate reductase
GCLC, Glutamate-cysteine ligase catalytic subunit
HFE, hemochromatosis
TMPRSS6, trans-membrane protease serine 6
KLF6, kruppel-like factor 6
TGF-b 1, transforming growth factor b1
ATⅡ , angiotensin Ⅱ
AGTR1, Angiotensin Ⅱ Type 1 Receptor

Functions of encoded protein

SNP

Proinflammatory cytokine also involved in the regulation of insulin resistance,
release of free fatty acids, and apoptosis in hepatocytes

rs1800629
rs361525
rs1799964
rs1800630
rs6763816
rs4491934
rs1800795

Protein functioning as a ligand that induces celluar apoptosis
Proinflammatory cytokine produced by adipocytes, hepatocytes, and immune cells
also involved in the modulation of insulin resistance
Member of IL-1 family cytokine, mainly produced by adipose tissue
Receptor involved in the interaction with bacterial endotoxins capable to favor
hepatic injury and a proinflammatory systemic status
Cytokine belonging to the type Ⅲ Interferon family
Manganese-dependent mitochondrial enzyme involved in protection from cellular
injury induced by superoxide radicals
Part of the cytochrome P450 complex
Mitochondrial anion carrier involved in the metabolism of superoxide radicals and
in the modulation of lipid homeostasis
Similar to uncoupling protein 3
Enzyme involved in the methylation of homocysteine to methionine
Limiting enzyme in the formation of glutathione, a relevant endogen antioxidant
Crucial protein for the regulation of iron homeostasis via the modulation of the
expression of hepcidin
Matriptase-2, which cleaves the membrane-bound hemojuvelin, the co-receptor
required for hepcidin expression in the liver
One of the Kruppel-like factors, a family of transcriptional factors that regulate
cellular proliferation, differentiation, and apoptosis
In the liver, a promoter of hepatic fibrosis via the activation of hepatic stellate cells
Part of the renin-angiotensin system, also advocated as an inducer of TGF-b1
production and accumulation of extracellular matrix in the liver
Type 1 Receptor of Angiotensin Ⅱ

rs16944
rs4986790
rs12979860
rs4880
rs2031920
rs1800849
rs11235972
rs695366
rs1801133
rs1801131
rs17883901
rs1800562
rs1799945
rs855791
rs3750861
rs1800471
rs699
rs3772622
rs3772633
rs2276736
rs3772630
rs3772627

SNP: Single nucleotide polymorphism; TGF: Transforming growth factor.
[91]

potential risk factors for MS and its components .
[92]
A Chinese study
investigated the role of the RETN
intronic +299G/A SNP in a NAFLD setting and found
that patients with both T2D and NAFLD had the
highest plasma RETN levels compared with diabetic
patients without evidence of NAFLD and with controls.
Furthermore, the AA genotype at the +299 site of
the RTEN gene was found to be an independent risk
factor for the development of NAFLD in T2D patients
at multivariate analysis. However, further studies are
needed to confirm this simple association.
phosphatidylethanolamine N-methyltransferase:
Phosphatidylethanolamine N-methyltransferase (PEMT)
is a relevant enzyme involved in the de novo synthesis
[93]
of phosphatidylcholine in the liver , a biochemical
pathway essential for VLDL formation. Thus, PEMP
is involved in the flux of lipid between the liver and
plasma, where lack of phosphatidylcholine caused
[94]
severe steatosis in mice models . A higher frequency
of a nonsynonymous sequence variation (V175M) in
the PEMT gene, which results in a loss-of-function
in the encoded protein, was reported in patients
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with biopsy-proven NAFLD compared with subjects
with normal hepatic triglyceride content assessed by
[95]
magnetic resonance or by liver biopsy . Similarly,
[96]
Dong et al
found that the occurrence of the V175M
variant allele was significantly more frequent in 107
Japanese patients with biopsy-proven NASH than
[97]
in 150 healthy controls. Conversely, Jun et al
did
not find any difference in PEMT genotype frequency
between NAFLD patients and controls, and Romeo et
[98]
al
demonstrated a lack of any association between
the V175M allele and hepatic triglyceride content assessed by proton magnetic resonance spectroscopy
- in their cohort derived from the Dallas Heart Study,
[99]
a population-based sample from Dallas, Texas .
Overall, the available evidence is not enough to firmly
consider PEMT as a relevant genetic factor for NAFLD
susceptibility and more studies are needed in this
setting.
Fatty acid transport proteins: Fatty acid transport
proteins (FATPs) are critically involved in the uptake
[100]
of fatty acids , and two different FATP isoforms are
[101]
expressed in the liver, namely FATP2 and FATP5
.
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Mice models have emphasized the role of FATP5 in
increasing the hepatic uptake and trafficking of fatty
acids, so that gain-of-function polymorphisms may
[102]
[103]
result in increased steatosis
. Auinger et al
investigated the consequences of the rs56225452
FATP5 promoter polymorphism on lipid and glucose
metabolism and on features of MS in a cohort derived
from the Metabolic Intervention Cohort Kiel - a
prospective population-based cohort study of the
town of Kiel, in Germany, on natural incidence of the
[104]
MS
- and subjects with histologically proven NAFLD.
Triglycerides, ALT, and postprandial insulin levels were
higher in subjects with the A allele compared with GG
homozygotes in the Metabolic Intervention Cohort
Kiel cohort, whereas in NAFLD patients, the A allele
was associated with higher ALT only. However, the
impact of body mass index on the severity of steatosis
differed according to FATP5 promoter SNP, suggesting
that this polymorphism may be associated with MS
and - probably indirectly - with liver damage in NAFLD.
Additional independent studies are needed to fully
clarify this interesting, even if still unclear, association.
β-adrenergic receptors: β-adrenergic receptors
(ADRB) play an important role in regulating basal
metabolism, mostly by stimulating lipid mobilization
through lipolysis. Several polymorphisms have
been detected in ADRB genes that influence IR,
[105-108]
hypertriglyceridemia, and features of MS
. These
polymorphisms were evaluated in NAFLD settings,
although with conflicting results. A Japanese study
involving 63 patients with biopsy-proven NASH analyzed
a W64R codon substitution in ADRB3 gene: the R allele
frequency in patients with NASH was significantly higher
[109]
compared with controls
. Other authors examined
two nonsynonymous polymorphisms involving the
ADRB2 gene (Gln27Glu and Arg16Gly): no significant
association with fatty liver was observed for the
Arg16Gly allele, whereas the Gln27Glu heterozygotes
showed a higher prevalence of fatty liver compared with
those without the mutation at univariate analysis, even
if this association was not confirmed at multivariate
[106]
[110]
analysis
. Loomba et al
have published the
most relevant study on ADRB2 in 2010. The authors
evaluated whether common variants at ADRB2 gene
in twins were associated with plasma γGT levels - a
well-known significant predictor of the MS as well as
[111,112]
NAFLD
. Interestingly, five SNPs in ADRB2 were
associated with levels of γGT, and ADRB2 haplotypes
displayed pleiotropic effects on γGT and triglyceride
levels, suggesting that adrenergic pathways may act as
a link between genetic susceptibility to NAFLD and MS.

nuclear receptor subfamily. PPARα activation improves
steatosis, inflammation, and fibrosis in pre-clinical
[113]
models of NAFLD
, whereas PPARγ improves IR
and has been reported to restore adipose tissue
insulin sensitivity and decrease fatty free acids flux
[114]
to the liver . Regarding PPARα SNPs and NAFLD, a
Chinese study evaluated the frequency of the val227ala
variant on patients with NAFLD compared with control
[115]
subjects
. As the distribution of PPARα val227ala
polymorphism was significantly different between the
two groups, the authors hypothesized that the Val227
isoform - the one predominant in NAFLD subjects - has
lower activity than the Ala227 isoform, thus resulting
in a reduced lipid catabolism and an increased risk for
NAFLD. Another PPARα variant examined in a setting of
NAFLD is the loss-of-function Leu162Val. Dongiovanni
[116]
et al
did not find any association between this SNP
and the risk of NAFLD occurrence and histological
severity, although it was independently related to IR.
The same study also assessed the Pro12Ala loss-offunction SNP in PPARγ2 gene. Even if this polymorphism
had been identified as an important mediator for the
[117]
development of obesity, IR, and T2D , no significant
association with NAFLD susceptibility and severity was
found. Importantly, this SNP was not even associated
with IR in this cohort. Similar conclusions were argued
[118]
by a recent meta-analysis
including 1697 cases
[116,119-125]
and 2427 controls derived from eight studies
.
no clear evidence of an association between the
Pro12Ala polymorphism and susceptibility to NAFLD
emerged. The protein PGC-1a is encoded by the
peroxisome proliferator-activated receptor γ coactivator
1-α (PPARGC1A) gene and regulates mitochondrial
functions, oxidative stress, gluconeogenesis, and
[126]
lipogenesis
. The Gly482Ser SNP in PPARGC1A
gene has been repeatedly associated with T2D, hyper
[127-129]
tension, and obesity in clinical studies
and also
with an impaired capability of PGC-1α to decrease fat
[130]
deposition in cultured hepatocytes
. In this line, it
was also associated with the development of NAFLD
in Taiwanese obese children after controlling for body
[131]
mass index, sex, and PNPLA3 genotype . Yoneda et
[132]
al
examined 15 SNPs in PPARGC1A in the Japanese
population; they found that rs2290602 SNP was
associated with NASH, with an odds ratio (OR) of 2.73
for the T allele. In addition, AST and ALT values of
NAFLD patients with the TT genotype were significantly
higher than those of patients with the GT or GG allele.
However, this association was not further confirmed;
a study among the Chinese Han people did not find
any association between rs2290602 SNP in PPARGC1A
[133]
gene and NAFLD .

peroxisome proliferative activated receptor α,
peroxisome proliferative activated receptor γ,
and peroxisome proliferator-activated receptor
γ coactivator 1-α: Peroxisome proliferative activated
receptor (PPAR) α is a transcription factor belonging,
together with PPARγ and PPARβ/δ, to the NR1C

apolipoprotein E and apolipoprotein C- Ⅲ :
Apolipoprotein E plays a key role in the metabolism of
cholesterol and triglycerides. Indeed, it mediates the
binding of the remnant lipoproteins to LDL receptors
to favor the clearance of chylomicrons and VLDL from
the bloodstream. Two SNPs within the apolipoprotein

WJG|www.wjgnet.com

11096

October 21, 2015|Volume 21|Issue 39|

Macaluso FS et al . Genetic background in NAFLD
E (APOE) gene have been identified, resulting in three
different alleles (e2, e3, e4) and six APOE genotypes
[134]
with different binding powers
. Some association
studies investigated the role of APOE genotypes on
NAFLD/NASH susceptibility with conflicting results. The
APOE 3/3 genotype was associated with an increased
[135]
risk of NASH in a cohort of Turkish patients
,
whereas the APOE 3/4 genotype had a protective
[136]
[137]
effect
. Conversely, Lee et al
showed no
significant difference in APOE genotypes distribution
among 116 Korean NAFLD patients and 50 controls.
However, a protective effect of the e4 allele on fatty
[138]
liver disease was later shown by Yang et al
on a
large Korean population. Finally, an Italian hospitalbased case-control study including 310 NAFLD cases
and 422 controls showed that APOE e4 allele carriers
had a 2-fold reduction of NAFLD risk compared with
[139]
e3 homozygotes
. The discrepancies between
these studies might be attributable to several factors,
including different sample sizes, ethnic variability,
possible inclusion of alcohol consumers, and lack of
clear adjustments for potential metabolic confounders.
Apolipoprotein C-Ⅲ is a major constituent of plasma
VLDL, chylomicrons, and HDL-C, which inhibits
[140]
lipoprotein lipase and triglyceride clearance
. Two
SNPs in the promoter region of the APOC3 gene -482C > T and -455T > C, which are in strong linkage
disequilibrium with each other - have been repeatedly
[141]
associated with MS and coronary artery disease
.
Based on these findings, several studies investigated
the association between SNPs of APOC3 gene and
NAFLD occurrence, although with conflicting results.
[142]
Petersen et al
firstly reported that ApoC3 T-455C
and C-482T promoter SNPs predispose Indian men to
liver fat accumulation by altering lipid metabolism and
[143]
IR. Similar positive results were obtained in Indian
[144]
and Southern Han Chinese cohorts
. However, this
association was not further replicated in other studies
[145]
[145]
[146]
conducted on Italian
, British
, American
,
[147]
[148]
[149]
[150]
Finnish , German , Belgian
and Chinese Han
subjects. A recent meta-analysis confirmed the absence
of a robust association and, therefore, the lack of a
causal pathogenetic role of APOC3 gene polymorphisms
[151]
in patients with NAFLD . These contrasting findings
raise doubts about the methodology and quality of
some of these studies, particularly about the methods
used to diagnose NAFLD and to adjust for confounders.

with NASH, and the severity of NASH was higher in
patients with the G/G genotype than in patients with
[154]
the G/T genotype . Similarly, the -493 G/G genotype
was reported to be associated with more severe liver
disease and a more atherogenic lipoprotein profile in
[155]
an Italian cohort
. Furthermore, in diabetic French
patients, this SNP was associated with elevated
[156]
ALT as a surrogate marker for NASH
. However,
other studies did not confirm these reports. Oliveira
[157]
et al
did not find any association between - 493
G>T polymorphism and NAFLD in a Brazilian cohort.
[158]
Similarly, Peng et al
did not find any significant
association between the - 493 G>T polymorphism and
the risk for NAFLD in a Chinese Han population, even
if other SNPs were found to be associated with NAFLD
susceptibility. Specifically, in that study, the rs1800804
T/C was associated with an increased risk of NAFLD,
while the rs1057613 A/G and rs3805335 C/T SNPs
[159]
were associated with a decreased risk. Carulli et al
found that the distribution of MTTP polymorphisms
was not significantly different between NAFLD patients
compared with the control group nor associated with
clinical or histological characteristics. Finally, a recent
meta-analysis including 11 case-control studies with a
total of 636 cases and 918 healthy controls revealed
that MTP - 493G > T polymorphism was correlated
overall with an increased risk of NAFLD among
[160]
both Caucasian and non-Caucasian populations
.
However, it should be noted that some of the studies
included in the meta-analysis evaluated also featured
superimposed NAFLD in HCV-infected patients.

microsomal triglyceride transfer protein: Micro
somal transfer tryglicerides protein is a transfer protein
[152]
involved in apoB-lipoprotein assembly
. A large
number of common genetic polymorphisms in the
microsomal triglyceride transfer protein (MTTP) gene
have been identified. The G allele of MTTP - 493 G>T
polymorphism has been associated with impaired
MTTP transcription, and, thus, with a reduced export
of triglycerides from hepatocytes and increased
[153]
susceptibility to NAFLD
. Accordingly, the G allele
frequency was significantly higher in Japanese patients

Genetic variants involved in mechanisms of liver injury
in NAFLD/NASH
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lipin 1: Lipin 1 is a phosphatase expressed specifically
by adipose tissue and liver. It seems to be critically
involved in metabolic pathways linking adipose tissue
[161]
and liver . Several polymorphisms of lipin 1 (LPIN1)
have been associated with occurrence of MS and its
[162]
components
. In particular, the LPIN1 rs13412852
T allele was associated with lower body mass index
[163]
[164]
and insulin levels . An Italian study
evaluated the
LIPIN1 rs13412852 C>T polymorphism in pediatric
patients with NAFLD. Investigators demonstrated that
the TT genotype, even if underrepresented in pediatric
NAFLD patients, was associated with less severe
dysplipidemia and a lower prevalence and severity
of NASH even after adjustment for genetic - PNPLA3
genotype - and metabolic confounders.

Tumor necrosis factor-α and tumor necrosis
factor-related apoptosis-inducing ligand: Tumor
necrosis factor-α is an important proinflammatory
cytokine involved in the regulation of IR, release of free
fatty acids, and induction of apoptosis in hepatocytes
[165]
under stimuli driven by oxidative stress
. Thus, it
is not surprising that serum tumor necrosis factor
(TNF)-α levels were found to be higher in patients
[70]
with NASH compared with healthy controls
and

11097

October 21, 2015|Volume 21|Issue 39|

Macaluso FS et al . Genetic background in NAFLD
that elevated levels have been associated with
[166]
the occurrence of both NAFLD and NASH
. Two
polymorphisms of the promoter of TNF-α gene have
been linked to an increased susceptibility of NAFLD:
TNF2 allele (at position -308) and TNFA allele (at
[167,168]
position -238)
, both associated with higher
[169,170]
TNF-α serum levels
. However, consistency of
[171,172]
[167]
this association is still debated
. Valenti et al
found that the prevalence of the -238, but not of
the -308, TNF-α polymorphism was higher in Italian
patients with NAFLD than in controls and that patients
with NAFLD positive for both TNF-α polymorphisms
had higher IR but a lower number of associated risk
[171]
factors for steatosis. Furthermore, Tokushige et al
determined the prevalence of six TNF-α promoter
region polymorphisms in a group of Japanese patients
with NAFLD and in control subjects. Surprisingly, there
were no significant differences in the allele frequencies
of any of the six polymorphisms between patients and
controls. However, they found that two polymorphisms
- -1031C and -863A - were significantly higher in
the NASH group compared with subjects with simple
steatosis only and that they were associated with
an increased homeostasis model assessment for IR
(HOMA-IR) score. Finally, negative results were also
derived from a prospective cohort of Chinese patients
with NAFLD, since TNF-α gene polymorphisms were not
shown to be associated with NAFLD nor with significant
[172]
[173]
fibrosis
. A recent meta-analysis
comprising
[167,168,171,172,174-177]
several studies on this topic
concluded
that there was a significant difference in TNF-α -238
genotype distribution between NAFLD and control,
while there was no clear association between TNF-α
-308 genotype and susceptibility for NAFLD. Overall,
it is still unclear whether TNF-α polymorphisms are
critically involved in NAFLD and/or NASH pathogenesis,
probably due to ethnic differences and incomplete
control for confounding metabolic factors in most
of the studies. Finally, another member of the TNF
family, TNF-related apoptosis-inducing ligand (TRAIL),
[178]
should be mentioned. A Chinese study
found that
soluble TRAIL levels were significantly higher in NAFLD
subjects than in controls and positively correlated with
triglyceride concentrations in NAFLD patients and that
the AA/TT genotypes of TRAIL at position 1525/1595
conferred a lower risk of NAFLD occurrence and a less
severe form of steatosis in NAFLD patients.
interleukin (IL)-6 and IL-1β: IL-6 is a proin
flammatory cytokine produced by adipocytes,
hepatocytes, and immune cells, involved in both
[179]
inflammation and IR
. Experimental models
have investigated its role in NAFLD pathogenesis
and progression, although the results were often
[180-182]
contradictory
, whereas certain polymorphisms
of the IL-6 gene were associated with NAFLD susce
[159]
ptibility. A small Italian study
found that the IL-6
-174C variant C - an allele associated with IR, T2D,
[183,184]
[185]
and MS in some cohorts
but not in others
-
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was more prevalent in NAFLD than in healthy subjects,
associated with increased insulin levels and HOMA-IR,
and an independent predictor of NAFLD and NASH.
Intriguingly, this finding is in contrast with other studies
reporting that it was the IL-6 -174 G variant that was
[186,187]
associated with metabolic abnormalities
. IL-1
family cytokine members are produced mainly by
human adipose tissue; certain IL-1 cytokines - such as
IL-1α, IL-1β, IL-18 - have proinflammatory properties,
while others - IL-1 receptor antagonist, for example
[188]
- are anti-inflammatory
. Interestingly, IL-1α and
IL-1β were shown to have a role in the transition
[189]
from steatosis to steatohepatitis and liver fibrosis .
Based on these findings, Interleukin-1β-511 T/C
polymorphism, a functional variant that affects DNA[190]
protein interactions in vitro
, was determined
in 63 Japanese NASH patients and 100 healthy
[109]
volunteers
. The authors found that Interleukin-1β
-511 T allele frequency and the T/T genotype frequency
were significantly higher in NASH patients than in
control subjects.
toll-like receptor 4: Bacterial overgrowth and
endotoxemia have recently emerged as two re
[191]
levant factors in the pathogenesis of NASH
.
Indeed, the interplay between toll-like receptor
4 (TLR4) and endotoxins results in the release
of several mediators capable of favoring hepatic
[192]
injury and a proinflammatory systemic status
.
Variants encoded in the ectodomain of the TLR4
gene, D299G and T399I, have been linked with
[193]
endotoxin hyporesponsiveness
and with possible
effects on inflammatory and metabolic disorders like
[194,195]
atherosclerosis, IR, MS, and T2D
. Animal models
showed a potential direct link between TLR-4 and
[192]
Kupffer cells in the pathogenesis of steatohepatitis ,
[196]
and, notably, Guo et al
demonstrated that the
D299G and T399I variants were associated with
protection from hepatic fibrosis by reducing TLR4mediated inflammatory and fibrogenic signalling and
lowering the apoptotic threshold of activated hepatic
stellate cells. Regarding the interaction between
NAFLD and TLR-4 polymorphisms in humans, a recent
[197]
case-control study
revealed that the frequency
of the heterozygous mutation at position -299 was
significantly lower in patients with NAFLD than in
controls. However, further studies are needed to clarify
the protective role of such polymorphisms in NAFLD
pathogenesis and progression.
IL-28B: Several studies repeatedly showed that genetic
variations around the IL-28B gene strongly predict
the spontaneous and treatment-induced clearance of
[198,199]
hepatitis C viral infection
. In particular, IL-28B
rs12979860 CC and IL-28B rs8099917 TT genotypes
were shown to be closely related to the achievement
of a sustained virological response following antiviral
[200-202]
therapy
. Furthermore, other studies revealed a
link between IL-28B polymorphisms and the severity
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[203,204]

of CHC in terms of steatosis
, necroinflammatory
[205]
[206-208]
activity , and fibrosis
. Our group reported on
a cohort of 160 patients with histological diagnosis
of NAFLD that IL-28B rs12979860 CC genotype was
associated with the histological severity of liver disease,
independently of HOMA and hyperuricemia - well[209]
known risk factors for liver damage in NAFLD
.
Interestingly, the at-risk CC rs12979860 variant was
associated with severe necroinflammation, particularly
in subjects with the PNPLA3 G allele, thus leading to
hypothesize a potential interplay between these two
genes. Such findings were recently confirmed by Eslam
[210]
et al
on a large cohort, including 3129 patients
with CHC, 555 with chronic hepatitis B, and 488 with
NAFLD. The authors demonstrated that rs12979860
genotype acted as a strong predictor of tissue
inflammation and fibrosis among all these chronic
liver diseases, independent of the underlying etiology.
[211]
However, Garrett et al
did not confirm these
findings on their North American Caucasian patients
with NAFLD, even if they enrolled a cohort of severe
obese NAFLD patients evaluated for bariatric surgery,
and, therefore, very different from our cohort. Overall,
these data suggest an effect of IL-28B CC genotype in
patients at lower metabolic risk only, and not in obese
patients, where the burden of metabolic alterations on
NAFLD severity likely overcomes the role of the genetic
background.
Superoxide dismutase 2 and cytochrome P450
2E1: The superoxide dismutase 2 (SOD2) gene
encodes for the mitochondrial enzyme manganesedependent superoxide dismutase, a protein that
protects cells from injury induced by superoxide
[212]
radicals
. Interestingly, oxidative stress is regarded
as a relevant factor involved into the transition from
[213]
simple steatosis to steatohepatitis
. A common
polymorphism in the SOD2 gene - C47T, rs4880
- has been related to relatively efficient protein
[214,215]
function by in vitro studies
, and SOD2 variants
have been investigated in settings of alcoholic liver
[216,217]
disease with inconsistent results
. Regarding
the role of SOD2 C47T polymorphism in NAFLD,
a small study performed on 63 Japanese subjects
revealed an increased prevalence of the lower activity
homozygous T genotype among patients with NASH
[154]
compared with controls
. Similar conclusions were
drawn from a cohort of obese Egyptian children with
[218]
[219]
steatosis or NASH
. Al-Serri et al
performed
a two-step analysis of the relevance of this SNP in
NAFLD: the preferential transmission of alleles from
parents to affected children in 71 family trios and
a classical case-control study involving a cohort of
502 European patients with fatty liver. Investigators
demonstrated that SOD2 genotype - together with
PNPLA3 genotype, T2D, and histological severity of
NASH - was associated with an advanced stage of
fibrosis. Conversely, a Chinese study did not find any
significant difference in the frequencies of the three
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SOD2 genotypes among patients and controls but
highlighted how the frequency of the SOD2 C variant
was higher in the NASH group than in subjects with
[220]
simple steatosis and in controls
. The same study
evaluated another gene potentially involved in NAFLD
pathogenesis: cytochrome P450 2E1 (CYP2E1),
encoding for cytochrome P450 2E1 - another enzyme
related to superoxide radicals in humans. Indeed,
induction of CYP2E1 is a central process involved
in generating oxidative stress in both alcoholic and
[221]
nonalcoholic steatohepatitis
. However, evidence
about a potential role of CYP2E1 gene SNPs in NAFLD
pathogenesis are elusive. On the one hand, the above
[220]
mentioned study
did not report any association
between the CYP2E1 -1053C>T variation (*1/*5 rs2031920) and increased susceptibility to NAFLD
or NASH in Chinese subjects; on the other hand,
[222]
Varela et al
found that the CYP2E1 *5 variant
was positively associated with liver injury in obese
women with NASH, and similar positive results were
[223]
also found on a Chinese population . It is likely that
ethnic differences and the incomplete understanding
of the real effect of SOD2 and CYP2E1 genotypes on
related enzymatic activities could be the main reasons
underlying these conflicting results.
uncoupling protein 3 and uncoupling protein
2: Uncoupling protein 3 is a mitochondrial anion
carrier selectively expressed in skeletal muscle - the
major site of thermogenesis in humans - involved
in the metabolism of superoxide radicals and in the
[224-226]
modulation of energy and lipid homeostasis
.
The rs1800849 -55C/T polymorphism of uncoupling
protein (UCP) 3 has been associated with an in
creased susceptibility to T2D and obesity and with
[227-229]
an atherogenic lipid profile
. Interestingly, the
rs1800849 UCP3 -55CT genotype was also associated
with IR, increased adiponectin levels, the presence
of moderate-severe steatosis, and NASH in a small
[230]
Spanish study
. Furthermore, an interesting
Chinese paper aiming to evaluate the frequency of
four nonsynonymous SNPs in the UCP3 gene in a
pediatric cohort found a higher prevalence of another
variant - rs11235972 GG genotype - among patients
[231]
with NAFLD compared with control subjects
.
Similar to UCP3, UCP2 is involved in the regulation of
mitochondrial lipid efflux and oxidative metabolism.
Its increased hepatic expression has been reported
both in experimental models and in NASH patients
as a protective mechanism against liver injury
[232]
progression
. A promoter region polymorphism
of UCP2 - -866 G>A variant - is able to influence
the extrahepatic expression of UCP2 and insulin
release and sensitivity, although the overall metabolic
[233]
impact is still controversial
. A recent Italian paper
investigated the role of this SNP in patients who
[234]
underwent liver biopsy for suspected NASH . UCP2
-866 A/A genotype was associated with a reduced
risk of NASH after adjustment for age, sex, body
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mass index, impaired fasting glucose or diabetes,
and PNPLA3 I148M allele and with a reduced risk of
steatosis grade G2-G3 and NASH in patients without,
but not in those with, impaired fasting glucose/
diabetes. Concerning the metabolic traits, the UCP2
A/A genotype was associated with higher total serum
cholesterol levels but not with serum HDL, triglycerides
or impaired fasting glucose/diabetes. Overall, SNPs
in UCP genes may confer susceptibility or protection
to NAFLD/NASH, even if further evidence needs to be
provided.
Methylenetetrahydrofolate reductase: Homo
cysteine is an intermediate amino acid formed
during methionine metabolism in the liver. Today,
hyperhomocysteinemia is regarded as a risk
factor for liver diseases via the promotion of oxi
dative and endoplasmic reticulum stress, and the
[235,236]
activation of proinflammatory factors
. Methy
lenetetrahydrofolate reductase (MTHFR) catalyzes
the reduction of 5,10-methylenetetrahydrofolate
to 5-methyltetrahydrofolate, a metabolic pathway
fundamental for the methylation of homocysteine
to methionine. Several genetic polymorphisms in
the MTHFR gene have been identified, and among
them, the C677T polymorphism (rs1801133) and the
A1298C (rs1801131) - inducing both a reduction of
[237,238]
MTHFR activity - were extensively investigated
[239-242]
[239]
in the setting of NAFLD
. Sazci et al
analyzed
the frequency of C677T and A1298C polymorphisms
of MTHFR gene in a Turkish cohort comprising 57
NASH patients and 324 healthy controls, showing
that the MTHFR 1298C allele in all NASH patients,
the C677C/C1298C compound genotype in women,
and the C677C/A1298C compound genotype in men
were genetic risk factors for NASH. Similarly, Catalano
[240]
et al
recently identified the MTHFR A1298C
heterozygous polymorphisms as a weak predictor
for NAFLD severity in an Italian cohort. However, the
relationship between MTHFR polymorphisms and
NAFLD remains controversial. Franco Brochado et
[241]
al
did not find any association between the MTHFR
C677T and A1298C polymorphisms and NAFLD and
[242]
its severity. Similarly, Serin et al
showed that the
MTHFR C677T polymorphism was not a risk factor for
NAFLD in their Turkish cohort. As a consequence, more
rigorous work needs to be performed in this field.
Glutamate-cysteine ligase catalytic subunit: The
glutamate-cysteine ligase catalytic subunit (GCLC)
gene codes the catalytic subunit of the heterodimeric
γ-Glutamate-cysteine ligase, the limiting enzyme
in the formation of glutathione, a relevant endogen
antioxidant. The base T in the position -129, as
opposed to base C, determines a sharp decrease
in the promoter activity of the GCLC gene and was
identified as a significant independent risk factor for
[243]
myocardial infarction in a Japanese population
.
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In addition, mitochondrial glutathione depletion has
been associated with the development of alcoholic
steatohepatitis due to the increased sensitivity of
hepatocytes to the pro-oxidant effects of cytokines
[244]
generated by ethanol metabolism
. Interestingly,
[157]
Oliveira et al
found that, among 131 biopsy-proven
NAFLD patients, the presence of at least one T allele
in the -129 C/T polymorphism of the GCLC gene was
independently associated with NASH detection, with
an OR of 12.14. Thus, such polymorphism could be
an important factor in the development of liver injury
mediated by oxidative stress.
hemochromatosis and trans-membrane protease
serine 6: Human hemochromatosis protein (HFE)
is crucial for the regulation of iron homeostasis via
[245]
modulation of the expression of hepcidin . Excessive
hepatic iron deposition is a frequent histological feature
of NASH, and it has been investigated as a potential
contributor to oxidative stress in the liver, and thus
[246]
as a second hit promoter
. In this regard, even if
the C282Y and H63D mutations of the HFE gene common in Caucasians and responsible for most cases
of hereditary hemochromatosis - are well-known
causes of potential iron overload, their prevalence and
relevance in patients with NAFLD have been variable,
depending on the examined cohorts. The first reports
about the association between HFE mutations and
NAFLD came in the late 1990s and showed a positive
[247,248]
correlation between these two conditions
. Later,
[249]
Lee et al
identified the presence of H63D mutation
as an independent factor associated with NAFLD in
[250]
the Korean population, and Nelson et al
suggested
that the presence of the C282Y mutation was a risk
factor for the development of advanced hepatic fibrosis
among American Caucasian patients with NASH.
Nonetheless, other studies have not confirmed such
associations. Indeed, even if several reports suggested
that increased ferritin levels may be markers of
histological damage, the HFE mutations did not
[251]
consistently contribute to hepatic fibrosis in NAFLD
[252]
nor to its susceptibility
. The poor relevance of
HFE mutations in NAFLD have been resumed by
a recent meta-analysis including 610 cases and
[253]
7298 controls
: authors found no associations
between iron-overloading HFE mutations and NAFLD
susceptibility or severity. However, other genetic
variants influencing iron deposition may be involved
in NAFLD/NASH pathogenesis. Beta-globin mutations
have been identified as a good genetic predictor of
parenchymal iron overload in Italian patients with
NAFLD and have been associated with a two-fold
[254]
higher risk of severe fibrosis
. More recently, the
rs855791 C>T polymorphism of the trans-membrane
protease serine 6 (TMPRSS6) gene - encoding for
matriptase-2, which cleaves the membrane-bound
hemojuvelin, a co-receptor required for hepcidin
[255]
expression in the liver
- has been associated with
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lower hepatic iron stores, ferritin levels, and ballooning
[256]
in 216 patients with histological NAFLD .
kruppel-like factor 6: The kruppel-like factor 6 (KLFs)
are a family of zinc finger-containing transcriptional
factors that regulate cellular processes, such as
[257]
proliferation, differentiation, and apoptosis
. In the
liver, injury and/or cytokines are able to induce KLF6
gene expression, which in turn plays an essential role
in the transactivation of several genes involved in the
development of liver fibrosis, mainly via the activation
[258]
[259]
of hepatic stellate cells . Miele et al
reported the
association between a functional polymorphism in the
KLF6 gene - IVS1-27G>A SNP (rs3750861) - and the
severity of NAFLD. In particular, they demonstrated
increased levels of total and wild type KLF6 expression
in patients with NAFLD and higher steatosis, inflam
mation, and fibrosis, whereas KLF6 IVS1-27G>A
SNP was associated with reduced fibrosis, and thus,
acted as a protective factor against NASH progression.
Intriguingly, the effects of KLF6 genotype on NAFLD/
NASH pathogenesis may also involve the modulation of
[260]
metabolic pathways: Bechmann et al
observed that
KLF6 IVS1-27G wild-type allele was associated with
increased fasting glucose and insulin levels and with
decreased hepatic insulin sensitivity via the reduced
expression of glucokinase. KLF6 increased PPARα
activity, whereas KLF6 loss led to PPARα repression
[261]
and attenuation of lipid and glucose abnormalities .
transforming growth factor-β1, angiotensin
Ⅱ , and angiotensin Ⅱ type 1 receptor: The
transforming growth factor (TGF)-β1 is a wellknown promoter of hepatic fibrosis that contributes
[262]
to the activation of hepatic stellate cells
. TGF-β1
production can be stimulated by angiotensin Ⅱ (AT
Ⅱ), part of the renin-angiotensin system that has
been advocated as a potential inducer of extracellular
[263]
matrix accumulation . A higher frequency of a profibrotic TGF-β1 SNP (Arg/Arg at codon 25) has been
identified in patients with hypertension compared
[264]
with controls
. Furthermore, this TGF-β1 SNP and
an ATⅡ variant in the promoter region of the gene
(AT-6 G>A), leading to a higher transcription of AT,
were both associated with increased hepatic fibrosis
[265]
in patients with CHC
. Based on these findings,
[266]
Dixon et al
investigated these two polymorphisms
in a group of severely obese patients with NASH. The
investigators found a positive association between
AT-6 A/A polymorphism and severe fibrosis, even
if such correlation was lost after correction for
gender. However, patients with both high ATⅡ and
TGF-β1 producing polymorphisms had a higher risk
of advanced fibrosis. In addition, animal models
had demonstrated that the Angiotensin Ⅱ Type 1
Receptor (AGTR1) gene could be implicated in the
[267]
susceptibility to NAFLD
. In this line, none of the
five variants of the AGTR1 gene were associated with
susceptibility to NAFLD in a multi-ethnic Asiatic cohort
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composed of Malayan, Indian, and Chinese subjects,
with the exception of the Indian subgroup, where
the rs2276736, rs3772630, and rs3772627 were
[268]
found to be protective against NAFLD and NASH
.
Furthermore, five SNPs of AGTR1 gene (rs3772622,
rs3772633, rs2276736, rs3772630, and rs3772627)
were significantly associated with NAFLD in a Japanese
[269]
cohort
. All in all, the potential involvement of
the renin-angiotensin system in NAFLD/NASH path
ogenesis is still unclear, and further research is needed.

CONCLUSION
In the complex pathogenetic puzzle of NAFLD, genes
clearly act as major disease modifiers affecting NAFLD
occurrence and severity and sometimes cardiovascular
risk as well. To date, the PNPLA3 gene variant is the
most validated susceptibility factor for steatosis, NASH,
fibrosis, and HCC, despite a number of other genetic
variants contributing to liver damage. However, even
if the identification of these variants helped us to
understand better NAFLD in terms of both clinical
phenotypes and pathogenetic mechanisms, their utility
in clinical practice and in the individual patients is far
from being relevant. Therefore, further efforts should
be done to generate a genetic map useful to stratify
the hepatic and non-hepatic risk of NAFLD patients
and to define better therapeutic approaches in terms
of both lifestyle intervention and new pharmacological
therapies.
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Abstract
The shortage of organ donors mandates the use of liver
allograft from anti-HBc(+) donors, especially in areas
highly endemic for hepatitis B virus (HBV) infection. The
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incidence of de novo hepatitis B infection (DNH) is over
30%-70% among recipients of hepatitis B core antibody
(HBcAb) (+) grafts without any prophylaxis after liver
transplantation (LT). Systematic reviews showed that
prophylactic therapy [lamivudine and/or hepatitits
B immunoglobulin (HBIG)] dramatically reduces the
probability of DNH. However, there are limited studies
regarding the effects of active immunization to prevent
DNH, and the role of active vaccination is not welldefined. This review focuses on the feasibility and
efficacy of pre- and post-LT HBV vaccination to prevent
DNH in HBsAg(-) recipient using HBcAb(+) grafts. The
presence of HBsAb in combination with lamivudine
or HBIG results in lower incidence of DNH and may
reduce the requirement of HBIG. There was a trend
towards decreasing incidence of DNH with higher
titers of HBsAb. High titers of HBsAb (> 1000 IU/L)
achieved after repeated vaccination could eliminate
the necessity for additional antiviral prophylaxis in
pediatric recipients. In summary, active vaccination
with adequate HBsAb titer is a feasible, cost-effective
strategy to prevent DNH in recipients of HBcAb(+)
grafts. HBV vaccination is advised for candidates
on waiting list and for recipients after withdrawal of
steroids and onset of low dose immunosuppression
after transplantation.

Core tip: De novo hepatitis B virus infection (DNH)
can both result in significant morbidity and reduced
graft survival after liver transplantation. Utilization
of hepatitis B core antibody(+) grafts may increase
the risk of DNH. Different approaches to mitigate this
risk have been described. There is no widespread
consensus regarding the prophylactic measures to
reduce the incidence of DNH by active immunization.
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This review examines the important published studies
on DNH, and presents the clinically relevant points in
a lucid manner. It also presents an algorithm which
is simple to follow, and which has been validated in
pediatric patients at our center.
Lin CC, Yong CC, Chen CL. Active vaccination to prevent de
novo hepatitis B virus infection in liver transplantation. World J
Gastroenterol 2015; 21(39): 11112-11117 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11112.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11112

INTRODUCTION
There is a wide disparity between the number of
patients awaiting liver transplantation (LT) and the pool
of available donors. Strategies such as living donor LT
and using extended criteria donors have been utilized
to increase the number of liver grafts. Additionally,
many LT programs use liver grafts from hepatitis B
core antibody (HBcAb)-positive donors to increase
donor organ availability. The acquisition of hepatitis B
virus (HBV) infection after transplantation in recipients
who are hepatitis B surface antigen (HBsAg)-negative
[1]
before transplantation has been recognized . The
incidence of de novo HBV infection (DNH) among
patients receiving HBcAb(-) grafts is low (0%-1.7%)
but unacceptably high (38%-100%) among recipients
[2-5]
receiving HBcAb(+) grafts without prophylaxis . The
mechanism has been well-established that HBV DNA
may persist in the serum and liver in low replicating or
non-replicative forms following serologic recovery from
[6]
HBV infection, thereby presenting a risk of DNH .
Hence, some centers have suggested to exclude these
grafts from HBcAb(+) donors or to limit its use in
[7]
selected recipients . This strategy is not practical in
[8,9]
endemic areas for HBV infection .
Several strategies have been recommended to
prevent DNH in non-HBV recipients who receive
HBcAb(+) grafts. Hepatitis B immunoglobin (HBIG)
and/or lamivudine have been most commonly used
for prophylaxis. Recently, the results have been
[10,11]
extensively reviewed
. However, the results of
active immunization are still not well-documented
due to heterogenous data resources and limited case
numbers. In this review, we mostly focus on the role of
active vaccination before and after LT to prevent DNH.

POST-TRANSPLANT PROPHYLAXIS
AGAINST DE NOVO HBV INFECTION
Lamivudine monoprophylaxis

HBIG monoprophylaxis

During a median follow-up of 31 mo (range: 3-86
mo), 18% of recipients with HBIG monoprophylaxis
developed DNH, of which 27% had discontinued HBIG
and 11% had low serum anti-HBs levels (< 50 IU/mL)
[10]
despite HBIG administration . As to HBV status, DNH
developed in 27% of HBV naive recipients and 5.8%
of recipients with past HBV infection (P = 0.10) during
a median follow-up of 30 mo and 19 mo, respectively.
Of importance, DNH developed in none of five reci
pients with successful pre-LT vaccination during a
median follow-up of 35 mo. Although the impact of
the recipients’ HBsAb status could not be determined,
there was a trend toward decreasing incidence of DNH
in combination with the presence of HBsAb. Moreover,
a smaller number of recipients with cessation of HBIG
had much higher incidence of DNH than recipients with
[11]
long term HBIG administration (P = 0.0002) . Most
centers use HBIG indefinitely to prevent DNH; post-LT
vaccination has therefore been utilized to replace the
[13]
use of HBIG .

HBIG and lamivudine combination therapy

Since the combination of HBIG with lamivudine was
the most widely used treatment approach to prevent
post-LT HBV recurrence in patients transplanted
for HBV-related liver disease, it was also used as
prophylaxis against DNH. However, given the low
probability of DNH with lamivudine or HBIG alone, the
benefit of HBIG with lamivudine combined prophylaxis
[10]
was similar to lamivudine alone . There is no clear
evidence showing the necessity of using combination
therapy.

Pre-LT recipient HBV status

Studies show that lamivudine monoprophylaxis
(100-150 mg/d for long periods) has been an effec
tive strategy against DNH. During a median followup of 25 mo (range: 1-69 mo), the incidence of
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DNH was observed in 2.6% of recipients: 4.0% in
recipients with past HBV infection, 3.4% in HBV naive
recipients and 0% in recipients with successful pre[10]
LT vaccination . New generations of nucleos(t)ide
analogs have been used to replace lamivudine in order
to further reduce the probability of DNH. Tenofovir and
entecavir seem to be more potent than lamivudine
[12]
and adefovir in limited cases . It is worth noting that
the lowest probability was observed among recipients
with the presence of HBsAb despite no statistical
difference. HBV naive recipients were more likely
to develop DNH after nucleos(t)ide discontinuation.
These observations suggest that the presence of
HBsAb alone may not completely prevent DNH but
plays a role in combination with antiviral agents to
prevent DNH.

HBV naive recipients receiving HBcAb(+) grafts are
highly susceptible to develop DNH without prophylaxis.
Recipients of HBcAb(+) grafts had DNH rates of
18% without prophylaxis and 0% with prophylaxis.
Recipients with HBsAb and received HBcAb(+) grafts
had DNH rates of 4% without prophylaxis and 3% with
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prophylaxis; whereas, recipients with HBcAb positivity
alone had DNH rates of 14% without prophylaxis
[11]
and 3% with prophylaxis (P = 0.21) . In addition,
some centers allocated HBcAb(+) grafts to HBsAb(+)
[14]
candidates if possible to minimize DNH . These data
suggest that the presence of HBsAb either from past
infection or active vaccination provides some additional
benefits against DNH.

Active immunization against DNH

The long-term use of lamivudine may raise the concern
of mutant strain and HBIG is a costly and inconvenient
regimen. Non-compliance is a significant factor for
failure of prophylaxis. The difference between innate
and exogenously administered antibody is unknown.
The acquisition of immunity through active vaccination
is preferred if both are equally effective. Active
vaccination has been suggested against DNH. Although
HBsAb alone is not able to eliminate DNH completely,
its presence reduces the probability of DNH either
in lamivudine or HBIG regimen. In addition, a study
indicated that the level of pre-LT HBsAb in children
was associated with the response of post-LT booster
[15]
vaccine . Therefore, pre-transplant active vaccination
for candidates in waiting list is fundamental to avoid
DNH.

Pre-transplant vaccination

HBV vaccines are extremely safe and have an efficacy
of more than 90% in the general population; the
response rate is lower in cirrhotic patients due to the
impairment in T-cell dependent function. The results
of vaccination in pre-LT candidates have been very
[16]
disappointing, with response rates of 20%-30% .
The accelerated protocol, double-dose schedule and
other more immunologic formulation have been
proposed to increase the response. A study reported
that vaccination with this double-dose schedule can
achieve 65% response rate in candidates before
[17]
transplantation . Age plays an important role in the
response to HBV vaccine; especially many pediatric
patients for LT have non-parenchymal, cholestatic
diseases. In our pediatric series, 72% of recipients
were positive for HBsAb at the initial evaluation for
transplantation due to the national vaccination program.
After pre-LT booster vaccination, all recipients were
positive for HBsAb with a median of 784 (8-18736) (IU/
[18]
L) . Likewise, 63% of our adult non-HBV patients were
positive for HBsAb at the initial evaluation and 93%
were positive after double-dose booster vaccination
before transplant (unpublished data).

Post-LT vaccination

Although the presence of HBsAb in recipients is
protective to a certain degree, a small number of
recipients with pre-LT serologic immunity do develop
DNH, particularly those whose immunity was based on
vaccination (HBsAb alone) rather than prior exposure
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[11]

to HBV . Active vaccination was not absolutely
effective to prevent DNH, because it was impossible to
maintain an optimal HBsAb titer to prevent DNH during
the early post-LT period.
The HBV vaccination response rates are lower
during the early post-LT period with intense imm
unosuppression. Although a double-dose schedule
was used, it was difficult to maintain an adequate
[19]
HBsAb titer . It is generally accepted that the
immune system is less capable of mounting effective
immune responses in recipients receiving high dose
immunosuppression. T- and B-cell responses to anti
genic stimulation are impaired through blockade
of cellular proliferation by calcineurin inhibitors and
steroids as well as by inhibition of cytokine pro
[20]
duction . To optimize the response, the timing of
vaccination appears to be critical. The first 6 mo postLT appears to be a period where mounting immune
responses are lowest since the recipients are usually on
high dose immunosuppression.
The key factors for successful vaccination are the
vaccine doses, the rapid schedule and administration
[21]
during the low immunosuppression period . As
a general rule, vaccination should be administered
when the dosages of immunosuppressants have been
reduced post-LT, especially after steroid withdrawal.
Repeated vaccination after LT in pediatric patients at
our center resulted in HBsAb titers higher than 100
IU/L in about 80% cases and over 1000 IU/L in 40%
[18]
cases . Similarly, all adult recipients were positive
for HBsAb, and approximately 80% patients achieved
titers higher than 100 IU/L and 38% had titers over
1000 IU/L (unpublished data). It is not uncommon
to observe decline of protective antibodies after
LT, particularly if HBsAb is acquired by vaccination.
Therefore, routine HBV booster vaccination is advised
after steroid withdrawal and when recipients are on
low-dose immunosuppression after transplant.

How high of HBsAb is enough

HBsAb level > 10 IU/L after vaccination is considered
protective in immunocompetent patients. A plausible
explanation for recipients developing DNH despite
presence of HBsAb may be that their titers were
insufficient to confer protection. HBIG prophylaxis
to maintain HBsAb level > 500 IU/L against DNH
[22,23]
has been advised
. However, the adequate titer
of HBsAb to be achieved by vaccination, in order to
protect immunosuppressed recipients against DNH
is still not well defined (Table 1). HBsAb < 20 IU/L
[19,24]
was obviously not protective against DNH
. Su
[25]
et al
found that HBsAb > 200 IU/L by vaccination
significantly protects pediatric recipients receiving
HBcAb(+) positive grafts from DNH, reducing its
incidence to 11%. Another group demonstrated the
[26]
similar results by HBIG administration . In our study,
in combination with lamivudine, vaccination with
HBsAb > 1000 IU/L significantly reduced the incidence
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Table 1 Published studies with HBsAb titers in patients receiving HBcAb(+) grafts
Study

Patients

Chang et al[24]
Lin et al[18]
Soejima et al[13]
Park et al[26]
Su et al[25]
Liu et al[28]
Lin et al[27]

Lamivudine/HBIG

9/pediatric
30/pediatric
11/adult
14/pediatric
36/pediatric
41/adult
34/pediatric

Vaccination

HBsAb

Pre/post-LT

cutoff (IU/L)

Yes/Yes
Yes/Yes
No/Yes
No/Yes
Yes/Yes
Yes/Yes
Yes/Yes

20
1000
1000
100
200
1000
1000

HBIG
lamivudine
HBIG
HBIG
N
Lamivudine
N

DNH

Follow-up
(mo)

50% vs 0%1
15.7% vs 0%
0%2
7.1%3
30.7% vs 4.3%
6.4% vs 0%
0%4

26
57
15
26.5
52
52
65

1

Six out of 7 patients had > 200 IU/L; 2All > 1000 IU/L, 4 patients with cessation of HBIG; 3All > 100 IU/L, one patient with 362 IU/L of HBsAb and escape
mutant; 4All > 1000 IU/L without additional prophylaxis. HBIG: Hepatitis B immunoglobulin; DNH: de novo hepatitis B infection; LT: Liver transplantation.

virus binding with a loss of immunoreactivity despite
the presence of HBsAb. The incidence of escape
mutant was below 4% in HBV-infected infants who
received HBV vaccine or HBIG to an HBV-infected
mother but up to 11%-66% in LT recipients who
[31]
experienced HBV reinfection after HBIG prophylaxis .
Although the incidence of escape mutant in transplant
recipients is uncertain, it would be lower compared to
the administration of HBIG. Thus, we believe that the
benefits of HBV vaccination for prophylaxis against
DNH outweigh its potential side effects.

Preoperative vaccination

HBs Ab > 1000 IU/L

HBsAb < 1000 IU/L

No prophylaxis

Nucleos(t)ides
analogues

Booster vaccination after steroid withdrawal

Donor HBsAb status
Discontinuation if
HBsAb > 1000 IU/L

Figure 1 Algorithm for prophylaxis to prevent de novo hepatitis B virus
for recipients of HBcAb(+) grafts. For recipients with pretransplant HBsAb >
1000 IU/L, no antiviral prophylaxis is required. Recipients require nucleos(t)ide
analogs if HBsAb is < 1000 IU/L. Post-transplant vaccination is given after
steroid withdrawal. Nucleos(t)ide analogs may be discontinued if HBsAb is >
1000 IU/L.

Whether it is possible to obtain adaptive transfer from
donor HBsAb to recipient is not well-established. Both
animal and human studies have demonstrated the
adoptive transfer of immunity against HBV through
LT that may be attributed to the presence of HBVspecific immunocompetent cells of donor origin in liver
[32]
grafts . However, most studies showed that donor
HBsAb did not provide any additional benefits against
[18,25]
DNH
.

[18]

of DNH from 15.4% to 0% in pediatric patients .
Notably, without antiviral agent prophylaxis, HBsAb >
1000 IU/L completely prevented the development of
DNH in pediatric patients with a follow-up of more than
[27]
5 years . Likewise, there was no case of DNH in 10
[28]
(24.3%) adult recipients with HBsAb > 1000 IU/L . It
is generally accepted that the level of HBsAb naturally
declines and may even drop rapidly during heavy
immunosuppression. These observations theoretically
suggest that the higher the levels of HBsAb that can be
achieved, the lower the incidence of DNH. In over 107
recipients with HBsAb > 1000 IU/L (Table 1), only one
(approximately 0.9%) developed DNH due to escape
[26]
mutant when post-LT HBsAb dropped to 362 IU/L .

Escape mutant

Another major concern for vaccination is the escape
mutant of “a” determinant within HBsAg which can
develop after HBV vaccination and use of HBIG post[29,30]
LT
. A change of amino acids in the “a” determinant
could lead to a structural variation in the epitope of the
surface antigen recognized by HBsAb, which affects
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CONCLUSION
Despite the scarcity of evidence-based data due to
heterogeneous prophylactic strategy and limited case
numbers, some conclusions can be drawn based on
these reviews. The presence of HBsAb in combination
with antiviral agents or HBIG reduces the incidence
of DNH. High titers of HBsAb (> 1000 IU/L) is an
effective strategy to prevent DNH without additional
prophylaxis, which can be achieved by repeated
pre- and post-LT booster vaccination. Therefore, we
recommend the following prophylactic strategy to
prevent DNH in LT recipients receiving HBcAb(+) grafts
(Figure 1). For recipients with pre-LT HBsAb titers >
1000 IU/L, no antiviral agent prophylaxis is required
but only a booster vaccination after steroid withdrawal.
However, recipients with HBsAb titers below 1000
IU/L require prophylaxis with nucleos(t)ide analogs
in addition to booster HBV vaccinations after steroid
withdrawal. Nucleos(t)ide analogs may be discontinued
when the HBsAb is > 1000 IU/L after post-LT booster
vaccination.
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In conclusion, active vaccination in combination
with nucelos(t)ide analogues is a simple and costeffective strategy to prevent DNH. This strategy
may reduce the incidence of DNH even if high titers
of HBsAb are not achieved. It is advised that active
vaccination be administered for non-HBV patients
before and after transplantation.
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Abstract
AIM: To show the efficient generation of hepatocytelike cells (HLCs) differentiated from the induced
pluripotent stem cells (iPSCs) of rats.
METHODS: Hepatic differentiation was achieved using
a three-step protocol with several growth factors. First,
rat iPSCs were differentiated into definitive endoderm
cells using Activin A and Wnt3a treatment. Then
fibroblast growth factor 4 and bone morphogenetic
protein 2 were added to the culture medium and used
to induce hepatic differentiation. Finally, hepatocyte
growth factor, Oncostatin M and dexamethasone were
used for hepatic maturation. The liver-related markers
and functions of HLCs were assessed at the gene and
protein levels.
RESULTS: After endodermal induction, the dif
ferentiated cells expressed endodermal markers
forkhead box protein A2 and SRY-box containing
gene 17 at the mRNA and protein levels. After 20 d
of culture, the iPSCs were differentiated into HLCs.
These differentiated cells expressed hepatic markers
including α-fetoprotein, albumin CK8, CK18, CK19,
and transcription factor HNF-4α. In addition, the cells
expressed functional proteins such as α1-antitrypsin,
cytochrome P450 1A2 and CYP 3A4. They acted like
healthy hepatic cells, storing glycogen and taking up
indocyanine green and low-density lipoproteins. Also,
the rates of urea synthesis (20 d 1.202 ± 0.080 mg/dL
vs 0 d 0.317 ± 0.021 mg/dL, P < 0.01) and albumin
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secretion (20 d 1.601 ± 0.102 mg/dL vs 0 d 0.313
± 0.015 mg/dL, P < 0.01) increased significantly as
differentiation progressed.
CONCLUSION: Rat iPSCs can differentiate into HLCs
rapidly and efficiently. These differentiated cells may be
an attractive resource for treatment of end-stage liver
disease.
Key words: Hepatic differentiation; Induced pluripotent
stem cells; Hepatocyte-like cells; Rat
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Induced pluripotent stem cells (iPSCs)
can differentiate into many kinds of cells, including
hepatocytes. However, the most important animal
model for studying human diseases, especially liver
diseases, is the rat model. This study is the first to
show the efficient generation of hepatocyte-like cells
(HLCs) differentiated from the iPSCs of rats. Hepatic
differentiation was achieved using a three-step
protocol. Rat iPSCs were differentiated into HLCs after
20 d of culture. These differentiated cells expressed
hepatic markers and exhibited functional hepatic
characteristics. These differentiated cells may be an
attractive resource for treatment of liver disease.
Sun C, Hu JJ, Pan Q, Cao Y, Fan JG, Li GM. Hepatic
differentiation of rat induced pluripotent stem cells in vitro. World
J Gastroenterol 2015; 21(39): 11118-11126 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i39/11118.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i39.11118

INTRODUCTION
So far, there has been no ideal treatment for endstage liver disease attributable to chronic hepatitis
or cirrhosis. Recent studies have suggested that
differentiated hepatocytes derived from transplanted
[1,2]
stem cells may be a suitable form of therapy
.
Embryonic stem cells (ESCs) and fetal liver epithelial
cells can form mature hepatocytes in vivo. This might
[3,4]
reduce the severity of hepatic fibrosis . However, the
collection of these cells from human embryos involves
certain ethical and political issues, which limit their
use in clinical settings. According to a previous study,
bone marrow-derived liver stem cells may suppress
[5]
hepatic fibrosis and ameliorate liver function .
However, their ability to proliferate is much poorer
than that of ESCs, leaving them unable to produce a
[6]
large number of cells . Bone marrow contains several
different components. This low purity produces a nonhomogeneous crop of differentiated cells. This affects
[7]
the treatment after transplantation .
Induced pluripotent stem cells (iPSCs) sidestep
most of the ethical issues surrounding ESCs. They
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can produce functional hepatocytes and provide new
[8,9]
seed cells for the treatment of hepatic diseases .
Studies have shown that iPSCs can differentiate
[10,11]
[12,13]
into neural cells
, osteogenic cells
, cardiac
[14,15]
[16,17]
[18,19]
cells
, vascular cells
and pancreatic cells
.
The differentiation of iPSCs into hepatic lineages has
been observed in humans and mice using similar
[20-22]
protocols
. However, the laboratory rat was the
first mammalian species domesticated for scientific
research, and the rat model is commonly used in
research involving hepatic diseases. So far, no reports
have been published on the differentiation of rat iPSCs
into hepatocyte-like cells (HLCs). In order to develop
such technologies in rat models, a method suitable
for the differentiation of rat iPSCs into HLCs is here
presented and the necessary conditions are given.
In the present study, rat iPSCs were differentiated
into HLCs using several growth factors. The charac
teristics and functions of the HLCs were evaluated.
These cells might be suitable for use as a cell resource
for transplantation into model animals with liver
diseases.

MATERIALS AND METHODS
Culture of rat iPSCs

Rat iPSC line M13 was provided by the research group
led by Professor Lei Xiao of the Shanghai Institutes for
[23]
Biological Sciences, Chinese Academy of Sciences .
Rat iPSCs were cultured with a feeder layer of
irradiated mouse embryonic fibroblasts (MEF) in iPSC
medium (DMEM/F12 containing 20% knockout serum
replacement, 2 mmol/L L-glutamine, 1% nonessential
amino acids, 0.1 mmol/L β-mercaptoethanol (all from
Invitrogen/Gibco, Grand Island, NY, United States)
in a humid atmosphere containing 5% CO2. Before
differentiation, the cells were cultured on gelatin-coated
tissue culture dishes with MEF-conditioned medium.

Hepatic differentiation of rat iPSCs

During the first 5 d, rat iPSCs were cultured in
the Roswell Park Memorial Institute 1640 medium
(Invitrogen/Gibco) with 25 ng/mL Wnt3a and 100 ng/
mL Activin A (both from R and D Systems, Minneapolis,
MN, United States) for endodermal induction. Next,
the inductive factors were replaced with 30 ng/mL
fibroblast growth factor 4 (FGF4, R and D Systems)
and 20 ng/mL bone morphogenetic protein 2 (BMP2, R
and D Systems) for 5 d. Finally, during the maturation
step, the differentiated cells were incubated in the
same basal medium containing 10 ng/mL Oncostatin
M (OSM, R and D Systems), 20 ng/mL hepatocyte
growth factor (HGF, R and D Systems), and 0.1 μmol/L
dexamethasone (Dex, Sigma-Aldrich, St. Louis, MO,
United States) for another 10 d.

Immunofluorescence staining

On day 5 after endodermal induction, differentiated cells
were tested for SRY-box containing gene 17 (SOX17)
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Table 1 Primers, GenBank accession numbers, and amplicon size of genes for reverse transcription-polymerase chain reaction
Gene
FOXA2
SOX17
AFP
ALB
CK8
CK18
CK19
HNF4α
GADPH

Primer

Accession Number

Amplicon size (bp)

TGTCAGGAGCACAAGCGAGG (F)
GGGTGGTTGAAGGCGTAATGGTG (R)
GGCACGGAACCCAACCAGC (F)
CAGTCGTGTCCCTGGTAGGGAAGAC (R)
TCTGAAACGCCATCGAAATGCC (F)
AATGTAAATGTCGGCCAGTCCCT (R)
GGCACAGTGCTTGCAGAATTTCAG (F)
CACAGACGGTTCAGGATGGCAG (R)
TGAAGGATGCCAATGCCAAGCTG (F)
AACTCAGTCCTCCTGCGTAGCC (R)
ACGATTTCAGTCTCAACGACGCC (F)
TCCCTTCTTCTGAGCCTTAGTGCC (R)
GCTCAGCATGAAAGCTGCCCT (F)
CGCACTGGTAGCAAGGTAGGAG (R)
GATGTGCTGCTCCTAGGCAATGAC (F)
CTGCCGGTCGTTGATGTAATCCTC (R)
CCTTCATTGACCTCAACTAC (F)
GGAAGGCCATGCCAGTGAGC (R)

NM-012743.1

194 bp

NM-001107902.1

119 bp

NM-012493.2

285 bp

NM-134326.2

272 bp

NM-199390.1

237 bp

NM-053976.1

147 bp

NM-199498.1

299 bp

NM-001270931.1

261 bp

NM-017008.4

594 bp

and forkhead box protein A2 (FOXA2). On day 20, they
were tested for the other markers. Cells were fixed with
4% paraformaldehyde for 20 min, permeabilized with
0.1% TrionX-100, and blocked with 10% goat serum
(Sigma-Aldrich) for 1 h at room temperature. Then the
cells were incubated overnight with primary antibodies
at 4 ℃. The primary antibodies against rat FOXA2
(1:200, Chemicon/Millipore, Billerica, MA, United
States), SOX17 (1:200, Santa Cruz Biotechnology,
Santa Cruz, CA, United States), albumin (ALB, 1:500),
α-fetoprotein (AFP, 1:200), α1-antitrypsin (AAT, 1:200),
cytokeratin 18 (CK18, 1:200, all from Santa Cruz
Biotechnology), cytochrome P450 1A2 (CYP1A2, 1:200,
Abcam, La Jolla, CA, United States) and cytochrome
P450 3A4 (CYP3A4, 1:200, Abcam) were obtained.
Then the cells were incubated with TRITC-conjugated
secondary antibody (Invitrogen, Carlsbad, CA, United
States) for 1 h at room temperature. The nuclei were
then counterstained with 4,6-diamidino-2-phenylindole
(DAPI, Roche, Mannheim, Germany). The cells were
analyzed using a fluorescence microscope (IX71,
Olympus, Japan).

used as an internal control.

Reverse-transcription PCR analysis of gene expression

Periodic acid-Schiff staining

To assess endodermal and hepatic markers, differ
entiated cells were tested for FOXA2 and SOX17 on
day 5 and for other markers on day 20. Trizol reagent
was used to extract total RNA from differentiated iPSCs
(Invitrogen). Reverse transcription-PCR was used to
produce cDNA. GenBank accession numbers, primer
sequences, and amplicon size are listed in Table 1 for
each gene. The PCR procedure was as follows: cDNA
denaturation at 94 ℃ for 5 min followed by 28 cycles
(ALB, 40 cycles) of denaturation at 94 ℃ for 15 s,
annealing at 66 ℃ for 10 s, and extension at 72 ℃ for
20 s. The final extension took place at 72 ℃ and lasted
7 min. PCR products were separated by electrophoresis
on agarose gels. The GAPDH housekeeping gene was
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Urea assay

The urea production test was performed using a
colorimetric QuantiChrom Urea Assay Kit (BioAssay
Systems, Hayward, CA, United States). Undifferentiated
cells and differentiated cells on days 5, 10, 15, and 20
were trypsinized and counted with a hemocytometer.
The assay was performed in accordance with the
manufacturer’s instructions. The sample supernatants
were stored at -20 ℃. Absorbance was measured using
a microplate reader. Urea production was normalized to
the total number of cells.

Albumin secretion

The concentration of rat albumin in the supernatant was
determined using a Rat Albumin ELISA Quantitation Kit
(ICL, Portland, OR, United States) in accordance with
the manufacturer’s instructions. Undifferentiated iPSCs
and differentiated cells were trypsinized and counted on
days 5, 10, 15, and 20 using a hemocytometer. Albumin
secretion was normalized to the total number of cells.

On day 20, differentiated iPSCs were stained using
a Periodic acid-Schiff (PAS) staining system (SigmaAldrich). The cells were first fixed in 4% parafor
maldehyde for 20 min and oxidized with 1% periodic
acid solution for 5 min. Then they were washed. The
cells were treated with Schiff’s reagent for 15 min at
room temperature. The cells were washed with PBS
and then stained with hematoxylin for 90 s. They
were then examined under a light microscope (IX50,
Olympus, Japan).

Uptake of indocyanine green and low-density lipoprotein

After differentiation, cells were incubated for 1 h
with indocyanine green (ICG, Sigma-Aldrich) in basal
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Figure 1 Morphological changes of rat induced pluripotent stem cells at different stages of differentiation. A: Undifferentiated induced pluripotent stem cells; B:
Differentiated cells on day 5; C: Differentiated cells on day 15; D: Differentiated cells on day 20. Scale bar = 100 µm.

medium at 37 ℃. Uptake of ICG was detected under
a light microscope. The ability of these cells to take
up low-density lipoprotein was determined using an
LDL Uptake Cell-Based Assay Kit (Cayman Chemical,
Ann Arbor, MI, United States) according to the
manufacturer’s instructions. The cells were visualized
under a fluorescent microscope.

Statistical analysis

Results are shown as mean ± SD. One-way ANOVA was
used for statistical analysis. P < 0.05 was considered
significant.

RESULTS
Morphological and phenotypic hepatic markers

A simple three-stage differentiation method for iPSCs
was developed. During the first five days, iPSCs were
treated in a medium with Activin A and Wnt3a for
endodermal induction. The cells gradually took on
flatter and spikier shapes (Figure 1B). Then, the cells
were cultured under feeder-free conditions with high
concentrations of FGF4 and BMP2 for the next five
days. Cells in these colonies had compact, polygonal
shapes like those of differentiated hepatocytes (Figure
1C). The medium was replaced with mature medium
supplemented with HGF, OSM, and Dex for an addi
tional 10 d. The cells exhibited the morphology of
mature hepatocytes with large amounts of cytoplasm
and distinct, round nuclei (Figure 1D).
Cell characteristics were determined at different
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stages of differentiation using immunofluorescence
staining. After endodermal induction, approximately
70%-80% of the differentiated cells expressed
endodermal markers FOXA2 and SOX17 at the protein
level (Figure 2). These results indicate that rat iPSCs
could form endoderm efficiently if exposed to Activin
A and Wnt3a. After hepatic maturation at stage 3,
immunostaining analysis showed that 50%-60% of the
cells expressed hepatic markers, including AFP, ALB,
CK18, and functional proteins such as AAT, CYP1A2
and CYP 3A4 (Figure 2).

Gene expression profiles of HLCs

To further analyze the properties of iPSCs that
developed into endodermal cells and HLCs, RT-PCR
analysis was performed in the cells at various stages
of differentiation. After induction of endodermal differ
entiation, endoderm markers FOXA2 and SOX17 were
detected in the cells at stage 1 (Figure 3). This was
consistent with the results of the immunostaining
assay. After the cells differentiated into HLCs at stage
3, RT-PCR analysis indicated the expression of liver
associated genes such as AFP, ALB, CK8, CK18, CK19,
and transcription factor HNF-4α (Figure 3). These
results collectively indicate that the cells had changed
from endodermal to hepatic.

Functional characteristics of rat iPSC-derived HLCs

In order to evaluate the liver-specific function of iPSCderived differentiated cells, the functional properties
of HLCs of urea synthesis and albumin secretion were
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Figure 2 Protein expression in differentiated induced pluripotent stem cells on days 5 and 20 as indicated by immunofluorescence staining. A, B, C:
FOXA2; D, E, F: SOX17; G, H, I: AFP; J, K, L: ALB; M, N, O: CYP1A2; P, Q, R: CYP3A4; S, T, U: AAT; V, W, X: CK18. Nuclei were stained blue with DAPI. Scale bar
= 100 µm. FOXA2: Forkhead box protein A2; SOX17: SRY-box containing gene 17; AFP: α-fetoprotein; ALB: Albumin; CYP1A2: Cytochrome P450 1A2; AAT: α1antitrypsin.
Diff iPSCs Undiff iPSCs

analyzed. The rates of urea synthesis (20 d 1.202
± 0.080 mg/dL vs 0 d 0.317 ± 0.021 mg/dL, P <
0.01; Figure 4A) and albumin secretion (20 d 1.601 ±
0.102 mg/dL vs 0 d 0.313 ± 0.015 mg/dL, P < 0.01;
Figure 4B) increased significantly as differentiation
progressed, indicating hepatic maturation.
The ability of the cells to store glycogen was tested.
PAS staining was used to confirm the presence of
stored glycogen. Differentiated cells showed glycogen
staining, indicating glycogen accumulation (Figure 4C).
The iPSCs-HLCs were also found to take up ICG
and LDL (Figure 4D and E). These results showed that
the iPSC-HLCs had the same function as hepatocytes
in vitro.

RT-

FOXA2
SOX17
AFP
ALB
CK8
CK18
CK19
HNF4α
GAPDH

Figure 3 RT-PCR analysis of differentiated induced pluripotent stem cells on
days 5 and 20. Differentiated cells expressed endodermal markers FOXA2 and
SOX17 after 5 d of endoderm induction. Liver associated genes AFP, ALB, CK8,
CK18, CK19, and HNF-4α mRNA were expressed on day 20. H2O served as a
negative control. FOXA2: Forkhead box protein A2; SOX17: SRY-box containing
gene 17; AFP: α-fetoprotein; ALB: Albumin; iPSCs: Induced pluripotent stem cells.
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DISCUSSION
iPSCs have been used to investigate hepatocyte
differentiation and possible stem cell therapies. Studies
have shown that human and mouse iPSCs can be
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Figure 4 Functional analysis of differentiated induced pluripotent stem cells. A: Urea production of differentiated induced pluripotent stem cells (iPSCs); B:
Albumin secretion of differentiated iPSCs; C: Glycogen synthesis of differentiated iPSCs as indicated by PAS staining on day 20; D: ICG uptake test of differentiated
iPSCs; E: LDL uptake test of differentiated iPSCs. Scale bar = 100 µm. bP < 0.01 vs undifferentiated cells; dP < 0.01 vs differentiated cells on day 15.
[20,21]

differentiated into functional hepatocytes
. Currently,
some of the studies of liver disease and possible
therapeutic strategies involve animal models. Most
models of liver diseases are based on rodents, especially
rats. The present work is the first to demonstrate the
efficient generation of HLCs differentiated from iPSCs
of rat species. These differentiated cells were found
to express the hepatic markers AFP, ALB, CK8, CK18,
and CK19 and transcription factor HNF-4α. They were
also able to store glycogen, secrete urea and albumin,
and take up LDL and ICG. Results showed that these
differentiated cells had a gene profile similar to that
of HLCs derived from human and mouse iPSCs, as
[20,24]
reported previously
.
In the present study, a three-step protocol designed
to generate HLCs from rat iPSCs was developed.
The process is very simple and highly efficient. It
takes two to three weeks and requires only a few
inductive factors. The microenvironment in which the
hepatocytes develop involves several biological events.
Cell growth and differentiation are tightly regulated
by a series of intra- and intercellular signals. All the
inductive factors used in the process are extracellular
[24]
signals . As in previous studies, nodal signaling
through the transforming growth factor-beta pathway
was found to play a crucial role in the development of
the endoderm. Activin A initiated this nodal pathway,
causing the phosphorylation of Smad2 and Smad3. It
also interacted with Smad4 and then activated gene[25]
specific transcription factors in the nucleus . Several
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studies have demonstrated that Activin A can be used
during the formation of definitive endoderm. Hay
and colleagues were able to enhance the endodermal
differentiation of ESCs using Wnt3a in combination
with Activin A. They postulated that Activin A plus
Wnt3a would induce the rapid formation of a relatively
consistent hepatic endoderm and cells that are
more capable of acting like hepatocytes than other
[26]
combinations of inductive factors . In the present
differentiation system, the iPSCs quickly became spiky
in shape, and the formation of endoderm was induced
using Activin A combined with Wnt3a, as previously
[22,27]
reported
.
FGFs and BMPs were found to play significant
roles in liver specification. FGFs from the cardiac
mesoderm and BMPs from mesenchymal cells of the
septum transversum have been shown to be essential
for the induction of foregut endoderm cells into
[28]
[29]
hepatocytes . Cai et al found that both FGF4 alone
and BMP2 alone in the culture medium had little effect
on definitive endoderm cells into liver cells, but both
together led to a pronounced increase in the number of
cells expressing ALB in vitro. They also demonstrated
that the induction of definitive endoderm is essential
for the effectiveness of FGF4 and BMP2 in hepatic
[29]
induction . Another study showed that FGF4 plus
[20]
BMP2 can generate hepatic cells from human iPSCs .
These factors were used in the present protocol at
stage 2 of differentiation. Cells were driven toward
commitment to hepatic cells.
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To generate mature liver cells, the iPSCs were
subjected to a process meant to foster in vitro
maturation. At this stage, cells are generally grown
in media that had previously been optimized for the
culture of hepatocytes with the addition of factors
thought to promote the maturation or proliferation
of hepatocytes during liver development. OSM has
been reported to facilitate the differentiation of liver
[30]
progenitor cells into hepatocytes . HGF enhances
[27]
hepatic maturation and proliferation . Dex is a
synthetic glucocorticoid hormone. It is active in in
[24]
duction of enzymes involved in gluconeogenesis . In
the present work, during the part of maturation that
involves these factors, differentiated cells presented
a cuboidal morphology and showed the properties of
hepatic cells.
The enzymes CYP1A2 and CYP3A4 are critical to
drug metabolism. The present study showed that
rat iPSC-derived HLCs expressed the hepatocyte
function-specific proteins CYP1A2 and CYP3A4.
This suggested that these cells gain liver-specific
properties and may be used in drug metabolism tests
and toxicity screens.
In summary, the data collected here suggest
that rat iPSCs can differentiate into HLCs in a rapid
and efficient manner through a three-stage process
involving the application of inductive factors. Differ
entiated cells may be an attractive resource for treat
ment of end-stage liver disease.

generated directly from adult cells. Pluripotent stem cells hold great promise
in the field of regenerative medicine. Because they can propagate indefinitely,
as well as give rise to every other cell type in the body, they represent a single
source of cells that could be used to replace those lost to damage or disease.
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Abstract
AIM: To elucidate the role of fibulin-5 (FBLN-5) as
a suppressor of hepatocellular carcinoma (HCC) cell
metastasis via integrin.
METHODS: The expression of FBLN-5 was determined
by immunohistochemistry in 140 HCC samples and
matched normal tissues, and was further confirmed by
RT-PCR and Western blot analyses in various cell lines.
Recombinant FBLN-5 was expressed in Escherichia
coli BL21(DE3), purified and used in cell attachment
assays. Expression of a specific plasmid or a specific
siRNA in HCC cells resulted in the overexpression
or knockdown of FBLN-5, respectively. Further, the
migration and invasion of HCC cells were investigated
using the Boyden chamber and transwell assays. The
concentration of secreted matrix metalloproteinase 7
(MMP-7) was determined using ELISA.
RESULTS: FBLN-5 expression was found to be
downregulated in HCC. Its expression was significantly
correlated with advanced tumor metastasis; this was
indicative of poor 5-year overall survival. Recombinant
full-length human FBLN-5 promoted the attachment of
HCC cells via integrins: it inhibited HCC cell adhesion
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and migration to fibronectin in a concentrationdependent manner. It also inhibited HCC cell migration
and invasion through an integrin-binding arginineglycine-aspartic acid (RGD) motif by downregulating
MMP-7.
CONCLUSION: These results suggest that lower
FBLN-5 expression is an important indicator of poor
survival and that FBLN-5 inhibits HCC motility via
an integrin-dependent mechanism. RGD-dependent
suppression of MMP-7 by FBLN-5 might contribute to
the development of new therapeutic strategies for HCC.
Key words: Fibulin-5; Hepatocellular carcinoma;
Integrin; Adhesion; Migration; Invasion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: fibulin-5 (FBLN-5) is a matricellular protein
that contains an arginine-glycine-aspartic acid motif,
the role of which is to bind certain integrins and
thereby mediate cancer cell motility. Several studies
have revealed that FBLN-5 may promote or suppress
tumor progression through its interaction with integrins
in various human tumors in a context-specific manner,
which might be a crucial event in the invasiveness of
malignant tumor cells.
Tang JC, Liu JH, Liu XL, Liang X, Cai XJ. Effect of fibulin-5
on adhesion, migration and invasion of hepatocellular
carcinoma cells via an integrin-dependent mechanism. World J
Gastroenterol 2015; 21(39): 11127-11140 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11127.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11127

arginine-glycine-aspartic acid (RGD) motif, the function
of which is to bind to certain integrins and mediate the
[3,4]
adhesion of endothelial cells . Moreover, FBLN-5 also
inhibits the expression of matrix metalloproteinase 7
(MMP-7) in lung cancer cells via an integrindependent
[5]
mechanism and downregulation of the ERK pathway .
Experiments on FBLN-5-null mice have provided
evidence for the role of FBLN-5 as an angiogenesis
inhibitor and its roles in the proliferation, migration
and invasion of certain tumors. The effect of FBLN-5
on tumorigenesis appears to be largely contextdependent, and may involve the inhibitory effect of
fibulin-5 on angiogenesis; however, the exact me
[2]
chanisms are still under investigation .
In this study, we investigated the expression of
FBLN-5 and its relationship with clinicopathological
features in order to understand its role in HCC
progression, and to identify the molecular mechanisms
responsible for its functions.

MATERIALS AND METHODS
Plasmids

Site-directed mutagenesis of eukaryotically expressed
FBLN-5 was performed, wherein Asp56 was substituted
with Glu within the integrin-binding RGD motif, so as
[6,7]
to prevent integrin binding . The KOD Hot start DNA
polymerase kit (Millpore, United States) was used
according to the manufacturer’s recommendations.
The primers that were used for site-directed
mutation PCR were: forward, 5′-TCC CCG AGG CCT
GCC GAG GAG AAA TGA TGT GTG TTA ACC AAA
ATG-3′ and reverse, 5′-CAT TTT GGT TAA CAC ACA
TCA TTT CTC CTC GGC AGG CCT CGG GGA-3′.

Tissue samples

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide, and it is associated with
a considerably high mortality rate. At present, more
than 0.7 million people have been diagnosed with
HCC, which corresponds to an incidence of 16 per 0.1
[1]
million people . In 90% of the cases, HCC is a result
of chronic liver damage and is therefore a typical
inflammation-related cancer characterized by the close
association between the tumor microenvironment and
tumor cells.
Changes in the interaction between the extracellular
matrix and tumor cells play an important role in
tumorigenesis and metastasis. Fibulin-5 (FBLN-5) is an
extracellular matrix glycoprotein that has been shown
to be expressed in elastin-rich tissues; it mediates
changes in the matrix structures via its interaction
with several extracellular proteins such as tropoelastin,
elastin monomers, lysyl oxidase-like proteins, and
[2]
latent TGF-β-binding proteins . FBLN-5 contains an
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One hundred and forty HCC samples and normal
tissue samples were collected from patients with HCC
(115 males and 25 females) who underwent surgery
at Sir Run Run Shaw Hospital of Zhejiang University
between January 2006 and December 2010. The
procedures and data collection were approved by
the human research committee of Sir Run Run Shaw
Hospital, and written informed consent was obtained
from all patients before the study was started.
Clinicopathological data including age, gender, tumor
size, nodal status, physiological and biochemical
indicators, Barcelona clinic liver cancer (BCLC) tumor
stage, and tumor-node-metastasis (TNM) stage were
obtained retrospectively from the patients’ clinical
records and pathology reports. Before the surgery
was performed, the patients underwent staging
examinations, including blood routine examination,
liver function tests, abdominal ultrasonography and/or
magnetic resonance imaging. Based on the Union for
International Cancer Control (UICC) 1987 and BCLC
system, 18 patients were found to have stage  Ⅰ
cancer; 84, stage Ⅱ; 30, stage Ⅲ; and 8, stage Ⅳ.
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Based on the BCLC tumor staging system alone, 14
patients were found to have stage 0 cancer; 79, stage
A; 28, stage B; 16, stage C; and 3, stage D. The
survival rates were determined based on the data from
the cancer registry of our hospital, or the required
information was collected from the patients’ attending
physicians.

Immunohistochemistry

Normal and HCC tissue samples were selected based
on the diagnosis and microscopic observation of the
tumor tissue. Immunohistochemistry was performed
with mouse antibodies against FBLN-5 (Abcam, United
[8]
Kingdom) as previously described .
The immunostaining results were examined
independently by two pathologists who were blinded
to the clinical data. FBLN-5 staining was scored from 0
to +3: 0 indicated that none of the cells were stained;
+1, less than 5% of the cells were stained; +2,
5%-50% of the cells were stained; and +3, more than
50% of the cells were stained. Further, the intensity
of staining was graded from 0 to 3 as previously
[9]
described .

Semi-quantitative real-time PCR assays and methylationspecific PCR

PCR amplification of FBLN-5 mRNA (forward:
5′-CCAAACTATCCCACGATC-3′; reverse: 5′-CAGG
AACATTCGCACAG-3′) and GAPDH mRNA (forward:
5 ′ -A C A G T C A G C C G C AT C TT C TT- 3 ′ ; r e v e r s e :
5′-TGGAAGATGGTGATGGGATT-3′) was performed
using SsoFast EvaGreen Supermix with the Low
ROX Kit (BioRad, United States), as previously des
[10]
cribed . For methylation-specific PCR (MSP), the
methylated FBLN-5 promoter was amplified using the
[5]
primers reported previously . MSP products were
analyzed by electrophoresis on 2% agarose gels.

SDS-PAGE and Western blot analysis

Cell samples were homogenized in RIPA lysis buffer
[50 mmol/L Tris-HCl (pH 7.5), 150 mmol/L NaCl,
1% NP-40, 0.5% Na-deoxycholate, and 0.1%
SDS] for protein extraction. Western blot analysis
[10]
was performed as described in a previous study .
Antibodies against V5 (Cell Signaling Technology,
United States), FBLN-5 (Abcam, United Kingdom),
MMP-7 (Cell Signaling Technology, United States) and
GAPDH (Sigma, Germany) were used. The blots were
visualized using Image Quant LAS-4000 (Fujifilm,
Japan).

Transgene expression and recombinant FBLN-5
production

We used four cell lines: the human immortalized
normal hepatocyte cell line LO2 and three HCC cell
lines (MHCC97L, MHCC97H and HCC-LM3). These cell
lines were obtained from the Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences,
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Shanghai, China. The cells were maintained in
complete Dulbecco’s modified Eagle medium (DMEM,
Gibco, United States). Two other HCC cell lines (HepG2
and Hep3B) obtained from American Type Culture
Collection (ATCC, United States) were cultured in
minimum essential medium (MEM, Gibco, United
States). All the media contained 10% (v/v) fetal
bovine serum (FBS; Gibco, United States) and 1% (v/
v) penicillin/streptomycin. The cells were incubated at
37 ℃ in a humidified atmosphere containing 5% CO2.
The plasmids (pcDNA3.1-FBLN-5, pcDNA3.1FBLN-5 with the RGD mutation, and pcDNA3.1) or
small interfering RNA (siRNA against FBLN-5) was
transiently transfected into cells with Lipofectamine
2000 or the RNAi MAX reagent according to the
manufacturer’s instructions (Invitrogen, United
States).
Proteins fused with glutathione S-transferase (GST)
in the pGEX vector were expressed in Escherichia coli
BL21(DE3), induced with 1 mmol/L isopropyl-α-dthiogalactoside (IPTG; Promega, United States), and
purified according to the manufacturer’s instructions
for glutathione sepharose beads TM 4B (GE, United
States). Purification experiments for the GST fusion
[11]
protein were carried out as previously described .
Unless otherwise stated, FBLN-5 expressed by the
prokaryotic system represented the recombinant
protein with GST and full-length FBLN-5, and pro
karyotically expressed FBLN-5-RGE represented the
recombinant protein with GST and full-length FBLN-5
D56E.

Analysis of secreted MMP-7

The concentration of secreted MMP-7 was determined
in triplicate by ELISA using the Human Total MMP-7
Quantikine ELISA kit (R&D Systems, United States)
according to the manufacturer’s protocol.

Cell attachment assays

The synthetic peptides GRGDS and SDGRG (Sangon
Biotech, China) were used to determine whether
FBLN-5 binds to the HCC cells via integrin-binding to
the RDG domain. Recombinant full-length FBLN-5 and
+
FBLN-5-RGE were diluted to 20-400 nmol/L in DPBS
and incubated overnight in 96-well microplates at 4 ℃
in order to facilitate adsorption onto the wells. Nonspeciﬁc binding was blocked using 10 mg/mL heatdenatured bovine serum albumin (BSA) for 1 h. BSA
was aspirated, and 100 µL of HCC-LM3 or Hep3B cell
5
suspension (5 × 10 cells/ml) was added to the wells
and incubated for about 30 min at 37 ℃ in a 5% (v/v)
CO2 atmosphere. In order to determine the number
of cells that had adhered, a known number of cells
was added to the wells and ﬁxed with 10 µl of 4%
paraformaldehyde. Each well was washed three times
+
with 200 µl of DPBS , and the cells were stained with
100 µl of 0.1% (w/v) crystal violet for 1 h. The dye
that was taken up by cells was solubilized in 100 µl of

11129

October 21, 2015|Volume 21|Issue 39|

Tang JC et al . FBLN-5 suppresses HCC motility via integrin
10% (v/v) acetic acid, and absorbance was measured
at 590 nm. The absorbance of the cells present in
the wells was considered as the percentage of cell
attachment.

Cell migration assay

Each well was coated with 200 nmol/L of FBLN-5,
+
FBLN-5-RGE or fibronectin (FN) in DPBS overnight at
4 ℃. Then, the cells were incubated with 10 mg/ml
heat-denatured BSA for 1 h at 20 ℃ to block nonspecific binding. The effect of FBLN-5 on the migration
of HCC cells and on the response of the cells to
TGF-β was determined as follows: (1) the HCC-LM3
cells that had adhered to the wells were trypsinized,
5
neutralized, seeded at confluence (5 × 10 cells/well),
and incubated at 37 ℃ in a 5% CO2 incubator for up
to 12 h, until a confluent monolayer was formed. The
cells were then serum-starved overnight and washed
twice with serum-free DMEM before wounding with
the tip of a sterile P10 pipette. The effect of FBLN-5
on the migration of HCC-LM3 cells was assessed at
the time of wounding. After 48 h, the wound was
photographed in order to determine the number
of cells that had migrated into the cleared wound;
and (2) cell migration was evaluated by counting
the number of HCC-LM3 cells that had migrated on
three independent membranes under a 100 × phasecontrast microscope; the number was then normalized
using the number of the control cells (in transwell
chambers coated with BSA) in order to determine the
relative ratio. After the excess dye was washed out
and dried, the crystal violet adsorbed by the cell nuclei
was extracted with 10% acetic acid. Absorption of the
destained cells at 590 nm was measured.

Cell invasion assay

Invasion assays were performed in 24-well transwell
units with 8-µm filters coated with 1:6 diluted
matrigel (BD Biosciences, United States); the assays
were performed in triplicate. Each well contained
6
approximately 2 × 10 cells. After 36 h of incubation,
the cells that passed through the filters into the bottom
wells were fixed in formalin and stained with crystal
violet. The number of cells in 10 randomly selected
fields (× 100) from each well was counted under a
microscope.

Statistical analysis

Unless otherwise stated, data are expressed as
mean ± SD and analyzed using the Student’s t-test
(GraphPad Prism 5.02); differences were considered
significant when P value was less than 0.05.

RESULTS
Downregulation of FBLN-5 in HCC specimens and cells

To determine whether FBLN-5 plays a role in the
pathogenesis of HCC, semi-quantitative reverse
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transcription-PCR (RT-PCR) and Western blot analyses
were performed on three HCC and six normal tissue
samples. FBLN-5 expression was low in the tumor
specimens and high in the normal tissues (Figure 1A).
Next, mRNA expression of FBLN-5 in another batch of
10 matched sets of frozen tumor and normal samples
was analyzed using qRT-PCR; the results were found
to be consistent with those of mRNA expression of
FBLN-5 (p < 0.05) (Figure 1B).
The downregulation of FBLN-5 was further
confirmed by qRT-PCR and Western blot in HCC cells
including MHCC97L, MHCC97H, HCC-LM3, HepG2
and Hep3B cells, and cells of the immortalized normal
hepatocyte cell line LO2 (p < 0.05, Figure 1C and D).
Moreover, to investigate whether the downregulation
of FBLN-5 is due to epigenetic silencing, the abovementioned 10 matched tissue samples were analyzed
using the MSP assay, and methylation of the FBLN-5
promoter was not found in any of the tumor samples
(0%). Similar phenomena were also observed in HCCLM3, MHCC97H, MHCC97L, HepG2 and Hep3B cells
(Figure S1). Collectively, these findings indicate that
FBLN-5 expression is downregulated in both HCC
tissues and cells, and suggest that FBLN-5 might
participate in the pathogenesis of HCC.

Clinicopathological features and survival of HCC
patients according to FBLN-5 expression

To investigate whether downregulation of FBLN-5
expression is associated with certain prognostic factors,
we classified the patients into groups based on their
immunohistochemistry findings. As shown in Table
1, patients with a higher number of tumor nodules
(n ≥ 2) and BCLC stages B-D and TNM stages Ⅲ-Ⅳ
tumor had significantly lower FBLN-5 expression than
patients with a single tumor nodule (p = 0.023) and
BCLC stages 0-A (p = 0.001) and TNM stages  Ⅰ-Ⅱ (p
= 0.001) tumor. No significant difference was found in
the FBLN-5 level according to age, gender, tumor size,
presence of HBV, serum AFP level, or histological type
at the time of diagnosis.
Disease-specific survival analysis using Cox
regression revealed that the prognosis of patients
with low expression of FBLN-5 in the tumor cells was
significantly poorer than that of patients with high
expression of FBLN-5 (p = 0.001; Table 2). FBLN-5
expression was indeed associated with poorer overall
survival and disease-free survival in HCC patients (p
< 0.05, respectively; Figure 2). These results clearly
indicate that FBLN-5 may act as a potent biomarker of
prognosis of HCC patients.

Attachment of HCC cells to FBLN-5 via integrin binding

To investigate the mechanism of integrin regulation
by FBLN-5, we tried to determine the functional role
of its RGD motif. A site-mutated (D56E) RGD motif in
pGEX-FBLN-5 was constructed and named FBLN-5RGE (Figure 3A). GST, GST-FBLN-5 and GST-FBLN-5-
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Figure 1 Decreased expression of fibulin-5 in hepatocellular carcinoma specimens. A: RT-PCR and Western blot analyses of Fibulin-5 (FBLN-5) expression
in three hepatocellular carcinoma (HCC) samples (T) compared to that in six normal tissues (N). β-actin was used as an internal control; B: Q-RT-PCR analysis of
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RGE were puriﬁed and pulled down using glutathione
sepharose beads, and monitored using SDS/PAGE
and Coomassie blue staining (Figure 3B). Since FN
promotes integrin-mediated cell attachment via its
[12]
RGD motif , in cell attachment assays, human
+
plasma FN diluted to 10-400 nmol/L in DPBS was
used as the positive control. HCC cells in BSA-blocked
wells were used as a negative control, and fulllength FBLN-5 and FBLN-5-RGE were used in all the
subsequent experiments.
Compared to FBLN-5, FBLN-5-RGE supported the
adhesion of a much lower number of HCC-LM3 cells
(Figure 3C; 35% at 200 nmol/L). We also found that
Hep3B, another typical type of HCC cell, resulted in a
higher percentage of attachment to FBLN-5 than to
FBLN-5-RGE (Figure S2A; 65% and 40%, respectively,
at 400 nmol/L). The findings revealed that the RGD
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motif was necessary for the binding of FBLN-5 to HCC
+
cells. FBLN-5 or FN at 200 nmol/L in DPBS and at 400
nmol/L resulted in the attachment of a similar number
of HCC cells, with the former concentration showing
minimal endotoxicity. According to the above results,
the concentration of 200 nmol/L of FBLN-5 or FN in
+
DPBS was selected for further experiments, as this
seems to be the minimum concentration necessary for
the in vitro adhesion of HCC cells.
Moreover, pre-incubation of HCC cells with the
synthetic peptide GRGDS resulted in significant
block of FBLN-5 adhesion (p < 0.001 compared with
untreated HCC-LM3 cells exposed to FBLN-5), while
incubation with the control peptide SDGRG did not
result in inhibition of cell attachment both in HCC-LM3
cells and Hep3B cells (Figure 3D, S2B). These results
indicate that HCC cells bind to FBLN-5 via an integrin-
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Table 1 Demographic features and clinicopathologic correlation of fibulin-5 in patients with hepatocellular carcinoma
Parameter

Total No. of patients
(n = 140)

Age (yr)
Gender
Tumor size (cm)
No. of tumor nodules
Recurrent Cancer
Cirrhosis
Serum AFP level
HBV
TNM tumor stage
BCLC tumor stage

1

< 50
≥ 50
Male
Female
<5
≥5
1
≥2
Absent
Present
Absent
Present
Negative
Positive
HbsAg (-)
HbsAg (+)
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
0+A
B+C+D

P value1

FBLN-5 expression
High (n = 93)

Low (n = 47)

40
55
79
16
57
38
87
8
64
31
29
66
52
43
22
73
79
16
74
21

14
31
34
11
25
20
35
10
23
22
21
24
27
18
10
35
23
22
19
26

54
86
113
27
82
58
122
18
87
53
50
90
79
61
32
108
102
38
93
47

0.211
0.287
0.618
0.0232
0.064
0.063
0.558
0.902
0.0012
0.0012

P value from χ 2 or Fisher exact test; 2Statistically significant. HCC: hepatocellular carcinoma; HBV: hepatitis B virus; AFP: alpha-fetoprotein; TNM:

tumor-node-metastasis; HbsAg: hepatitis B surface antigen; FBLN-5: Fibulin-5; BCLC: Barcelona clinic liver cancer.

Table 2 Disease-specific survival by Cox regression analysis between the subgroups of various clincopathological parameters
Parameter
Age (yr)
Gender
Tumor size (cm)
No. of tumor nodules
Recurrent cancer
Cirrhosis
Serum AFP level
HBV
TNM tumor stage
BCLC tumor stage
FBLN-5 Expression

< 50
≥ 50
Male
Female
<5
≥5
1
≥2
Absent
Present
Absent
Present
Negative
Positive
HbsAg (-)
HbsAg (+)
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
0+A
B+C+D
High
Low

1

P value2

No.

No. of events

HR (95%CI)

54
86
113
27
82
58
122
18
87
53
50
90
79
61
32
108
102
38
93
47
95
45

18
24
30
12
23
19
32
10
15
28
14
29
21
21
11
31
11
31
8
34
13
29

0.373 (0.169-0.823)

0.158

0.864 (0.324-2.306)

0.771

1.874 (0.902-3.895)

0.093

3.634 (1.481-8.916)

0.0053

0.587 (0.231-1.491)

0.263

0.924 (0.426-2.004)

0.841

0.615 (0.280-1.352)

0.227

1.487 (0.670-3.302)

0.329

7.478 (2.571-21.753)

0.0013

5.257 (1.707-16.186)

0.0043

4.276 (2.033-8.995)

0.0013

1

The 95% Wald Confidence Limits; 2Associations determined by Cox regression analyses; 3Statistically significant. AFP: alpha-fetoprotein; HBV: hepatitis B
virus; TNM: tumor-node-metastasis; BCLC: Barcelona clinic liver cancer; FBLN-5: Fibulin-5; HbsAg: hepatitis B surface antigen.

dependent mechanism.

Inhibition of FN-mediated HCC cell adhesion and
migration by FBLN-5
[13]

FBLN-5 and FN both ligate integrin , so the possibility
of FBLN-5 modulation of FN-mediated adhesion and
migration of HCC-LM3 cells was investigated. To
determine whether the adhesion of HCC-LM3 cells to

WJG|www.wjgnet.com

FBLN-5 influences migration, 50000 HCC-LM3 cells
were added to each chamber of the transwell, the
bottom of which contained membranes coated with
BSA or FBLN-5 and FN in a range of ratios (F5:FN).
Compared to groups with high FN or high FN/FBLN-5
levels, the number of migrated HCC-LM3 cells was
significantly lower in the groups with FBLN-5 or lower
FN/FBLN-5 ratios (p < 0.001; Figure 4A). Moreover,

11132

October 21, 2015|Volume 21|Issue 39|

Tang JC et al . FBLN-5 suppresses HCC motility via integrin

A
a

c

e

100 mm

b

100 mm

100 mm

d

f

100 mm

100 mm

100 mm

B
a

b

100 mm

C

100 mm

High expression of FBLN-5 (n = 93)

High expression of FBLN-5 (n = 93)

Low expression of FBLN-5 (n = 47)

Low expression of FBLN-5 (n = 47)

100

100

P = 0.001
Disease-free survival rate (%)

Overall survival rate (%)

80

60

40

20

0

100 mm

0

20

40
60
Months after operation

80

100

P = 0.001

80

60

40

20

0

0

20

40
60
Months after operation

80

100

Figure 2 Immunohistochemical staining of fibulin-5 and disease-specific survival in patients with hepatocellular carcinoma. A: The intensity of fibulin-5
(FBLN-5) expression in various tissues by immunohistochemical staining was evaluated in tumor tissues of hepatocellular carcinoma (HCC) patients with a: stage  Ⅰ;
b: stage Ⅱ; c: stage Ⅲ; d: stage Ⅳ, and e-f: normal tissue samples with various magnification. Normal control is fresh liver tissues from patients who underwent
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Survival of patients with low FBLN-5 expression (dashed grey line) was significantly abbreviated in comparison to those with high expression (solid black line), with a
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attachment to 200 nmol/L FBLN-5 by synthetic GRGDS peptide (500 µg/ml). Synthetic SDGRG peptide (500 µg/ml) was used as a negative control. None indicates
HCC-LM3 attachment to 200 nm FBLN-5 in the absence of peptide. BSA indicates HCC-LM3 attachment to BSA-blocked wells. Pre-incubation of HCC-LM3 with
the synthetic peptide GRGDS significantly blocked adhesion to FBLN-5 (P < 0.001, compared with untreated HCC-LM3 on FBLN-5). Pre-incubation with the control
peptide SDGRG showed no inhibition of cell attachment (P = 0.199, compared with untreated cells on FBLN-5).
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Figure 5 RGD-dependent suppression of hepatocellular carcinoma cell migration and invasion by fibulin-5 via matrix metalloproteinase 7. A: V5-tagged
fibulin-5 (FBLN-5) was transfected into hepatocellular carcinoma (HCC)-LM3 cells, and V5-FBLN-5 expression was determined by Western blot with anti-V5 and
anti-β-actin antibodies both in the cytoplasm and supernatant. The mRNA expression level of FBLN-5 was also measured by Q-RT-PCR. matrix metalloproteinase 7
(MMP-7) expression was analyzed by Western blot 36 h after transfection. The levels of secreted MMP-7 were determined by ELISA (bottom) 36 h after transfection;
B: A negative control siRNA (NC) plus FBLN-5 siRNA (siRNA-576, siRNA-962, siRNA-1195) was transfected into Hep3B cells for 48 h. After transfection, Western blot
was performed with anti-FBLN-5 and β-actin antibodies. The mRNA expression level of endogenous FBLN-5 was also measured by Q-RT-PCR. MMP-7 expression
was analyzed by Western blotting 36 h after transfection. The levels of secreted MMP-7 were determined by ELISA (bottom) 36 h after transfection; C: Migration and
invasion of pcDNA-HCC-LM3, FBLN-5-WT-HCC-LM3 and FBLN-5-RGE-HCC-LM3 cells (× 100). For the migration assays, cells (pcDNA, FBLN-5-WT and FBLN-5RGE) were seeded into the top of a transwell insert. After 24 h, the cells on top were scraped, and the cells that had migrated to the bottom were fixed and stained
with crystal violet. The relative-fold migration values for the HCC-LM3 cells were normalized against the pcDNA and are represented diagrammatically. For the
invasion assays, cells were seeded after the addition of matrigel. The relative-fold invasion values for the HCC-LM3 cells were normalized against the pcDNA and are
represented diagrammatically; D: Migration and invasion results of NC and siRNA-FBLN-5 Hep3B cells are shown (× 100). The relative-fold migration and invasion
values for siRNA-FBLN-5 transfected cells were normalized against the values for the NC and are represented diagrammatically. The results represent the mean ±
SD of three independent experiments.

HCC-LM3 cells were plated at confluence on 200 nmol/
L of GST, FBLN-5 or FN. The wound healing assays
revealed that HCC-LM3 cells migrated to a lesser
extent in the presence of FBLN-5 than FN (p < 0.001;
Figure 4B). To investigate whether the adhesion of
HCC-LM3 cells to FBLN-5 influences proliferation, the
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3

cells (2 × 10 /well) were plated on 200 nmol/L FBLN-5
or FN and were counted on 2 and 4 d. Coincidentally,
the proliferation of HCC-LM3 cells plated on FBLN-5
was significantly less than that of cells plated on FN
(Figure 4C). These results show that in the presence of
elevated FBLN-5/FN levels, FBLN-5 directly inhibits FN-
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mediated migration and proliferation.

FBLN-5-mediated inhibition of HCC cell migration and
invasion by downregulation of MMP-7 in an integrindependent manner

Based on the biochemical properties of FBLN-5 and
[14]
the presence of the RGD motif , we hypothesized
that it is involved in regulating cancer cell migration
and invasion. The inverse correlation between FBLN-5
and MMP-7 expression has been reported previously in
[5,15]
several types of cancer
. HCC-LM3 cells transfected
with EV, FBLN-5-WT or FBLN-RGE were subjected
to immunoblot analysis and ELISA to determine the
levels of MMP-7 protein. FBLN-5-WT containing the
RGD motif suppressed MMP-7 protein expression. In
contrast, the FBLN-5-RGE mutant restored most of the
MMP-7 expression and 40% of the level of secreted
MMP-7 (p < 0.05; Figure 5A), which suggests that
the inhibition of MMP-7 by FBLN-5 is mediated by the
RGD motif through integrin signaling. Furthermore,
knockdown of FBLN-5 resulted in an obvious increase
in the level of MMP-7 protein in Hep3B cells (p < 0.05;
Figure 5B).
We next evaluated the effect of FBLN-5 on HCC cell
invasion and migration in transwells with or without
matrigel. The representative fields showing cell
migration and invasion are shown (Figure 5C and D).
Overexpression of FBLN-5 in HCC-LM3 cells caused a
significant decrease in cell migration and invasion (p
< 0.05, respectively; Figure 5C), while knockdown
of FBLN-5 resulted in an obvious increase in Hep3B
cell migration and invasion (p < 0.05, respectively;
Figure 5D). These findings suggest that the RGD motif
of FBLN-5 plays an important role in human HCC
cell migration and invasion via inhibition of MMP-7
expression.

DISCUSSION
Metastasis, which differs from tumor initiation, is the
most lethal characteristic of HCC and is the main cause
of HCC-related death. Matricellular proteins participate
in matrix-cell interactions and exert regulatory
[16]
roles via a variety of molecular mechanisms . The
importance of FBLN-5 in many human malignancies,
such as nasopharyngeal carcinoma, lung and breast
cancers, has been shown in mouse models and
[2]
[15]
studies of various diseases , and recently, Tu et al
demonstrated that FBLN-5 inhibited the migration and
invasion of HCC cells via downregulation of MMP-7
expression in 86 HCC tissues samples. However, as
an extracellular matrix protein, precisely how FBLN-5
interacts with HCC cells and influences their functions
remains unclear. Besides, more clinical tissue samples
are required to confirm loss of FBLN-5 expression in
HCC cells. In this study, we examined the interaction
of FBLN-5 with HCC cells, and how these interactions
regulate their behavior. We found that HCC cells
adhere to FBLN-5 via integrin binding, and that their

WJG|www.wjgnet.com

migration and invasion are inhibited by downregulation
of MMP-7 via an integrin-binding RGD motif-dependent
mechanism. We present the results of a systematic
survey of FBLN-5 expression in 140 samples of HCC
tissues, which is twice the number of samples studied
[15]
in Tu’s paper .
Our results indicate that the mRNA and protein
levels of FBLN-5 are decreased in HCC tissues.
However, the MSP assay showed that methylation
of the FBLN-5 promoter was not found in any of the
tumor samples or HCC cell lines, which indicates that
the downregulation of FBLN-5 might not be related
with any epigenetic alterations. Reduced expression of
FBLN-5 was associated with clinically aggressive HCC
and correlated with the number of tumor nodules,
BCLC tumor stage, and TNM stage. Univariate analysis
showed that the 5-year survival rate of HCC patients
with low FBLN-5 expression in tumor cells was
significantly lower than that in HCC patients with high
FBLN-5 expression. These results suggest that reduced
expression of FBLN-5 can be used as a predictor of
poor prognosis of HCC and may play a role as a tumor
suppressor in human HCC.
The ability of cancer cells to migrate and invade
the basement membrane and the surrounding
tissues, blood, and lymphatic vessels is an important
characteristic of cancer and is a prerequisite for
[17]
progression and metastasis of tumors . Here, we
found that exogenous FBLN-5 in HCC cells or HCC
cells stimulated with the FBLN-5 protein could inhibit
the proliferation, migration and invasion of the cells
in culture systems. Conversely, after transfection
with FBLN-5 siRNA, the number of cells migrating
through or invading the filter significantly increased;
this suggests that FBLN-5 downregulates human HCC
cell proliferation, migration, and invasion. Compared
[5,9,12,15,18-20]
with other studies
, the current study
indicates that FBLN-5 functions as a tumor suppressor
or oncogene in various cancers in a context-specific
manner.
Several studies have shown that the integrin
family of transmembrane proteins is involved in the
adhesion of cells with their extracellular matrix, which
includes FN; moreover, integrins are known to play
important roles in multiple features of cell physiology,
[21,22]
including proliferation, migration and invasion
. In
this study, we found that although FLBN-5 is ligated
to the same integrins as FN, it exhibits considerably
different cellular effects from FN and can modulate
FN-mediated adhesion and migration. These results
explain how FBLN-5 inhibits HCC migration and
invasion as a component of the extracellular matrix. It
has been reported that the effects of FBLN-5 on HCC
cells are mediated by the inhibition of MMP-7, which
is up-regulated and associated with poor prognosis of
[23,24]
HCC
. In our study, we found that this molecular
mechanism underlying the interaction between FBLN-5
and MMP-7 is mediated by integrin. The RGD motif of
FBLN-5 binds to the integrins αvβ3, αvβ5, and α9β1
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[3]

in CHO cells , but the specific integrin subunit(s) that
mediate the inhibitory effect of FBLN-5 on MMP-7 in
HCC still need to be identified.
FBLN-5 has been identified as a novel target
[18]
[18,25]
gene for TGF-β in fibroblasts , endothelial cells
[9]
and epithelial cells . We found that TGF-β results in
significant upregulation of FBLN-5 expression in HCC
cells, while the tumor-promoting function of TGF-β is
suppressed by FBLN-5 both in HCC-LM3 and Hep3B
cells. Further investigation is required to examine the
molecular connections potentially linking FBLN-5 to the
acquisition of oncogenic signaling by TGF-β.
In summary, our findings suggest that down
regulation of FBLN-5 is a common abnormality in
HCC and is correlated with HCC progression and poor
survival. Recombinant full-length human FBLN-5
promoted the attachment of HCC cells via integrins,
and inhibited HCC cell adhesion and migration to
fibronectin in a concentration-dependent manner.
Our results further indicate that FBLN-5 functions
as a suppressor of HCC metastasis via an integrindependent mechanism by downregulating MMP-7.
Although much work needs to be carried out to fully
understand the function of FBLN-5 in the control of
HCC progression, the validation of its relevance in vitro
is an intriguing finding for cancer therapy.

Applications

This systematic survey of FBLN-5 expression in 140 samples of HCC tissues
demonstrated that lower FBLN-5 expression is an important indicator of poor
survival and that FBLN-5 inhibits HCC motility via an integrin-dependent
mechanism; further, RGD-dependent suppression of MMP-7 by FBLN-5 might
contribute to the development of new therapeutic strategies for HCC treatment.

Peer-review

The aim of this work was clear, and the authors performed plenty of
experiments. It would be better to explain the reason for replacement of
Asp56 within the integrin-binding RGD motif with Glu. It was assumed that
this mutation weakened tumor suppression of FBNL-5. It would be better to
introduce the relation between FBLN-5 and cell migration. Based on the results
of this study, down-regulation of FBLN-5 seemed to promote cell motility and
proliferation.
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Abstract
AIM: To correlate a genetic polymorphism of the
low-density lipoprotein (LDL) receptor with antiviral
responses in Egyptian chronic hepatitis C virus (HCV)
patients.
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METHODS: Our study included 657 HCV-infected
patients with genotype 4 who received interferonbased combination therapy. Patients were divided
into two groups based on their response to therapy:
356 were responders, and 301 were non-responders.
Patients were compared to 160 healthy controls. All
patients and controls underwent a thorough physical
examination, measurement of body mass index (BMI)
and the following laboratory tests: serum alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase, albumin, total bilirubin, direct bilirubin,
prothrombin time, prothrombin concentration, INR,
complete blood count, serum creatinine, fasting
blood sugar, HCV antibody, and hepatitis B surface an
tigen. All HCV patients were further subjected to the
following laboratory tests: HCV-RNA using quantitative
polymerase chain reaction (PCR), antinuclear antibodies,
thyroid-stimulating hormone, an LDL receptor (LDLR)
genotype study of LDLR exon8c.1171G>A and exon
10c.1413G>A using real-time PCR-based assays,
abdominal ultrasonography, ultrasonographic-guided
liver biopsy, and histopathological examination of liver
biopsies. Correlations of LDL receptor polymorphisms
with HAI, METAVIR score, presence of steatosis, and
BMI were performed in all cases.
RESULTS: There were no statistically significant
differences in response rates between the different
types of interferon used or LDLR exon10c.1413G>A.
However, there was a significant difference in the
frequency of the LDL receptor exon8c.1171G>A
genotype between cases (AA: 25.9%, GA: 22.2%,
GG: 51.9%) and controls (AA: 3.8%, GA: 53.1% and
GG: 43.1%) (P < 0.001). There was a statistically
significant difference in the frequency of the LDLR
exon 8C:1171 G>A polymorphism between responders
( A A : 3 . 6 % , G A: 1 5 . 2 %, G G : 8 1 . 2 %) a n d no nresponders (AA: 52.2%, GA: 30.6%, GG: 17.2%) (P <
0.001). The G allele of LDL receptor exon8c.1171G>A
predominated in cases and controls over the A allele,
and a statistically significant association with response
to interferon was observed. The frequency of the
LDLR exon8c.1171G>A allele in non-responders was:
A: 67.4% and G: 32.6 vs A: 11.2% and G: 88.8% in
responders (P < 0.001). Therefore, carriers of the
A allele exhibited a 16.4 times greater risk for nonresponse. There was a significant association between
LDL receptors exon8 c.1171G>A and HAI (P < 0.011).
There was a significant association between LDL
receptors exon8c.1171G>A and BMI. The mean BMI
level was highest in patients carrying the AA genotype
2
(28.7 ± 4.7 kg/m ) followed by the GA genotype (28.1
2
± 4.8 kg/m ). The lowest BMI was the GG genotype
2
(26.6 ± 4.3 kg/m ) (P < 0.001). The only significant
associations were found between LDL receptors exon8
c.1171G>A and METAVIR score or steatosis (P <
0.001).
CONCLUSION: LDL receptor gene polymorphisms
play a role in the treatment response of HCV and
the modulation of disease progression in Egyptians
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infected with chronic HCV.
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Core tip: Two molecules may function as hepatitis
C virus (HCV) receptors, namely the low density
lipoprotein receptor (LDLR) and CD81. This work asse
ssed the role of genetic polymorphisms of the LDLR
in Egyptian chronic HCV patients and its correlation
with antiviral responses to treatment with pegylated
interferon /ribavirin therapy. The study demonstrated
that LDLR gene polymorphisms play a role in the
response to viral treatment. The G allele of LDLRs
exon8c.1171G>A predominated in cases and controls
over the A allele. Carriers of the A allele exhibited a
16.4 times greater risk for non-response.
Naga M, Amin M, Algendy D, Elbadry A, Fawzi M, Foda A,
Esmat S, Sabry D, Rashed L, Gabal S, Kamal M. Low-density
lipoprotein receptor genetic polymorphism in chronic hepatitis
C virus Egyptian patients affects treatment response. World J
Gastroenterol 2015; 21(39): 11141-11151 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11141.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11141

INTRODUCTION
Hepatitis C exhibits a worldwide prevalence of
[1]
approximately 3% . Hepatitis C causes severe
morbidity and mortality, and the majority of infected
subjects fail to eliminate the virus and develop
chronic hepatitis C. Chronic infections are estimated
at approximately 80% of infected subjects, and this
chronicity will lead to cirrhosis and /or hepatocellular
[2-8]
carcinoma .
Egypt has the largest epidemic of hepatitis C virus
(HCV) worldwide with a percentage of 14.7%, which is
[9-14]
ten times greater than any other country
.
The strong prevalence of HCV subtype (4a) in
Egypt suggests that this chronic infection began as
an epidemic. A history of injection treatment was
implicated as a risk factor for HCV, and the prime
culprit is the past practice of parental therapy for
[15,16]
schistosomiasis
.
The rate of disease progression varies widely, and
it is not known what factors precisely determine the
clinical outcome of the disease in the long term. The
mechanism of viral entry into the host hepatocytes is
not known.
Much effort was made to identify the receptors
involved in viral entry into host cells.
Two molecules were proposed to function as HCV
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receptors, namely the low density lipoprotein receptors
[17-20]
(LDLRs) and CD81
.
The LDLR gene family functions as a receptor for
the minor group of common cold viruses and other
[21,22]
viruses
.
LDLR plays an important role in cholesterol home
[23,24]
ostasis
, and it is firmly established that mutations
and polymorphisms in the LDLR gene are associated
with familial hypercholesterolemia, obesity and
[25-31]
atherosclerosis
.
A direct interaction of HCV E2 envelope protein
and LDL mediates the binding and internalisation of
[32]
lipoviroparticles by LDLR in conjunction with CD81 .
[33]
LDLR, CD81 and HCV E2 are co-localized on cells ,
and viral binding and endocytosis are inhibited by free
LDL, free recombinant LDLR peptides, and antibodies
[32,34]
against E2 and LDLRs
. Moreover, intracellular HCV
RNA levels positively correlate with LDLR expression
[34,35]
in cultured primary hepatocytes and in vivo
.
These findings demonstrate that LDLRs are crucial
co-receptors for HCV cell entry and replication.
Furthermore, the role of LDLRs in immune responses
and the incrimination of LDLR polymorphisms in
disease processes makes these receptors an important
candidate for the study of the genetic susceptibility to
hepatitis C.
Several studies investigated nine single nucleotide
polymorphisms in the LDLR gene and their possible
influence on clinical parameters of HCV infection,
such as viral clearance, overall inflammation, fibrosis
[36-38]
severity and treatment response
.
Our study assessed genetic polymorphisms of LDLR
in chronic HCV genotype 4 Egyptian patients and the
effects of polymorphisms on antiviral response.

MATERIALS AND METHODS
The review board of the Department of Internal
Medicine, Faculty of Medicine, Cairo University ap
proved the study protocol, which was performed
according to the Declaration of Helsinki.
All study participants provided informed written
consent prior to study enrolment. The study included
657 chronic HCV patients who were candidates for
pegylated-interferon/ribavirin therapy and 160 healthy
age- and sex-matched subjects as a control group.
Patients were recruited from the outpatient clinics
of the Internal Medicine Department, Kasr Al Aini
Hospital, Cairo University, Beni-Suef Public Hospital
and the National Liver Institute.
All patients and control group underwent thorough
physical examinations, measurements of body mass
index (BMI) and the following laboratory tests:
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
albumin, total bilirubin, direct bilirubin, prothrombin
time (PT), prothrombin concentration (PC), INR,
complete blood count (CBC), serum creatinine, fasting

WJG|www.wjgnet.com

blood sugar (FBS), HCV antibody (anti-HCV), and
hepatitis B surface antigen (HBsAg).
All HCV patients were further subjected to the
following tests: HCV-RNA using quantitative poly
merase chain reaction (PCR), antinuclear antibodies
(ANA), thyroid-stimulating hormone (TSH), LDLR
genotype study, abdominal ultrasonography and
ultrasonographic-guided liver biopsy.
Patients received a course of antiviral therapy that
consisted of pegylated interferon subcutaneously once
weekly and oral ribavirin (10.6 mg/kg) daily. Patients
with a reduction of more than 2 logs in PCR results
after 12 wk of treatment were deemed responders,
and treatment was continued for a total of 48 wk.
Patients with PCR scores that were not at least 2
logs lower than baseline after 12 wk of therapy were
deemed non-responders. Responders were re-tested
6 mo after the end of therapy using PCR to ensure a
sustained virological response (SVR). We divided the
patients into two groups based on treatment response:
non-responders (n = 301) and responders (n = 356).

Types of interferon used

The following types of pegylated interferon were
used based on availability: Peginterferon alfa-2a
®
(PEGASYS 180 mcg) was used in 287 cases, Pegin
®
terferon alfa-2a (Reiferon Retard 160 mcg) was used
®
in 59 cases, and Peginterferon alfa-2b (PEGINTRON 1.5
mcg/kg per week) was used in 311 cases.

Blood sampling

Venous blood (10 mL) was collected from each
patient in EDTA vacuum whole blood sample tubes.
Samples were divided into 2 parts: 5 mL for HCV
and biochemical parameters assessments and the
other 5 mL for molecular LDLR gene polymorphism
assessments.

Biochemical markers assessment

AST, ALT, T. bilirubin, D. bilirubin, albumin, ALP, FBS
and creatinine were assessed using commercially
available kits (Randox Laboratories Limited, Country
Antrim, United Kingdom). AFP was evaluated using
an ELISA kit (DRG International Inc., Springfield,
New Jersey, United States). HbA 1c, PC, PT and INR
were detected using kits (Stanbio Laboratory, Boerne,
TX, United States). HB, TLC, ANC and platelets were
detected using a cell counter (Sysmex XT-4000i
Automated Hematology Analyzer Lincolnshire, IL,
United States).

HCV RNA extraction and quantitative PCR detection

HCV RNA was extracted from 140 μL serum using
the QIAamp Viral RNA Mini Kit (QIAgen, Hilden,
Germany). Absolute quantitation of the concentration
of HCV RNA was based on an external standard curve
(HCV Standards IU/mL) in the presence of an internal
positive control (IPC). IPC was added to a mixture of
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Table 1 The primers and probes used for the low density lipoprotein receptor genes
exon 8 (c.1171G > A)

LDLR primers
exon 10 (c.1413G > A)

F5'-CTACAAGTGCCAGTGTGAGGAA-3'
R5’_CCCACCACTCTGCTTGTAAGGCGTGAGGCCGCC-3'
Allele 1 specific probe VIC-ACACGAAGGCCTGC-NFQ
Allele 2 specific probe 6-FAM-ACACGAAGACCT GC-NFQ
F5'- CGGCGTCTCTTCCTATGACA-3'
R5'- GTCCAGTAGATGTTGCTGTGGAT-3'
Allele 1 specific probe VIC-ATCAGCAGGGAC ATC-NFQ
Allele 2 specific probe 6-FAM-TCAGCAGAGACA TC-NFQ

lysis buffer and sample material during RNA extraction
of clinical blood samples. TaqMan assay was used
TM
in the AgPath-ID One-Step RT-PCR kit (Applied
Biosystems, Foster City, CA, United States). The OneStep RT-PCR kit included an enzyme mixture, buffer
and detection enhancer for one-step quantitative
reverse transcription PCR (qRT-PCR). Amplification was
performed in 25 μL of reaction mixture containing 2
× TaqMan Universal RT-PCR Master Mix, 20 μmol/L of
each primer and probes for the sample and ICP and
8.5 μL of extracted RNA. All samples were performed
in duplicate. Amplification began with an incubation
at 50 ℃ for two min with uracil N’-glycosylase to
inactivate possible contaminating amplicons, followed
by 45 ℃ for 10 min for cDNA synthesis using reverse
transcriptase, and 10 min at 95 ℃ to activate the
AmpliTaq Gold polymerase and inactivate uracil N’glycosylase. The PCR cycling program consisted of 45
cycles of 15 s at 95 ℃ and 45 s at 60 ℃ (universal
conditions).

DNA extraction

Total DNA was isolated from whole blood mononuclear
cells (MNCs) using an extraction kit (Qiagene, United
States) according to manufacturer’s instructions. DNA
purity (A260/A280 ratio) and concentration were
calculated using spectrophotometry (dual wavelength
Beckman, Spectrophotometer, United States). The
extracted and purified DNA samples were stored at
-80 ℃ for further use.

LDLR genotyping

LDLR allelic discrimination variants were genotyped
®
using real-time PCR and the QuantiTect Probe PCR Kit
(Qiagen, Hilden, Germany) and a Step-One instrument
(Applied Biosystems, Foster City, United States). PCR
products were generated under standard conditions
in a 15 μL reaction containing 1 × reaction buffer,
1-2 mmol/L MgCl2, 0.32 mmol/L dNTPs, 0.12 μmol/L
of forward, reverse primer and probes, 1 unit Taq
polymerase, 50 ng DNA and dH2O. The PCR thermal
cycling profile included an initial incubation at 50 ℃ for
2 min, 15 min at 95 ℃, and 40 amplification cycles (15
s at 95 ℃, 1 min at 60-64 ℃). Table 1 lists primers and
probes. Finally, 1 μL of each LDR amplification product
was run on an ABI prism 310 sequencer (Applied
Biosystems, Warrington, United Kingdom), and sample
genotypes were analysed using Genotyper software
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programmes (Applied Biosystems).
DNA Sequencing: PCR product samples were
sequenced with a forward primer using a Big Dye
Terminator 3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, United States) according
to the manufacturer’s instructions. Briefly, PCR
sequencing cycling reactions were performed in a final
total volume of 20 μL, which included 8 μL Big Dye
terminator, 3.2 μL of 1 pmol diluted forward primer,
1 μL PCR product and 7.8 μL nuclease free water.
The thermal profile conditions were 94 ℃ for 4 min,
95 ℃ for 15 s, 55 ℃ for 30 s and 60 ℃ for 4 min for
25 cycles. The sequencing cycling PCR products were
purified using centri-sep nucleic acid gel-purified
columns (Life Technology, Invitrogen). Ten microlitre of
Hi Di formamide were added to 10 μL of purified PCR
products. The mix was denatured in a PCR thermal
cycler (Biometra, Germany) at 95 ℃ for 5 min. The
reactions were performed in an automatic Sequencer
ABI PRISM 310 Genetic Analyzer (Applied Biosystems,
Foster City, Calif.). The sequences obtained were
analysed using the GenBank BLAST tool. The
sequences were edited and aligned using the BioEdit
Sequence Alignment. Table 1 shows the primers and
probes for the LDLR genes.

Liver biopsy

Liver biopsies were performed using 18-gauge TruCut Biopsy Needles under ultrasonographic guidance
®
with a 3.5-MHz convex probe of a GE LOGIQ P5
ultrasound machine after 6 h of fasting under complete
aseptic conditions and the use of a local anaesthesia (5
mL of 2% lidocaine). Patients’ vital signs of all patients
were controlled for 2-4 h after the procedure to control
probable complications. Biopsy specimens were placed
in 10% formaldehyde and transferred to our pathology
laboratory on the same day.

Histopathological examination of liver biopsies

All liver core biopsies were fixed for 24 h in a 10%
neutral-buffered formalin solution, processed in
ascending grades of ethyl alcohol (70%, 90%, and
100%) and xylene, and placed in paraffin blocks.
Three paraffin wax sections were cut at 5 microns and
stained using the following reagents: (1) hematoxylin
and eosin for routine histopathological examination,
diagnosis and necro-inflammatory scoring; (2)
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Masson Trichrome to detect the extent of fibrosis.
This stain imparts a blue colour to collagen against a
red background of hepatocytes and other structures.
It highlights the presence and distribution of reactive
fibrosis as a result of liver injury. It is used for the
staging of chronic liver diseases; and (3) prussian blue
is a common and reliable stain for the detection of
iron, which appears as blue granules in the cytoplasm.
Necro-inflammatory scoring and staging of the
studied cases was performed using a modified HAI
[39]
score and Metavir systems .

Statistical analysis

Data obtained from the study were coded and entered
using SPSS (Statistical package for social science)
software version 21. Parametric data are summarized
using means and standard deviation, and nonparametric data are summarized as medians and
percentiles for quantitative variables. Frequencies
and percentages were used for qualitative variables.
Comparisons between groups were performed
2
using the χ and Fischer’s exact tests for qualitative
variables, and Student’s t test and the non-parametric
Mann-Whitney test were used to compare two groups.
ANOVA and a non-parametric test (Kruskal Wallis
test) were used to compare multiple groups. The odds
ratio (OR) and 95%CI were calculated to estimate
the strength of associations between each genotype
and alleles and patients and controls. P values were
considered significant when P < 0.05.

RESULTS
Patient characteristics

A total of 657 chronic active hepatitis C patients were
used in this study. Mean patient age was 42.5 ±
10.2 years. There were 399 males and 258 females.
The control population included 160 volunteers.
Patients were divided into 301 non-responders and
356 responders based on their responses to therapy.
Median levels of BMI, ALT, and AST were significantly
higher in the non-responders vs responders. There
were no statistically significant differences in levels of
albumin, viral load, platelet count, or ANA, and the
presence of co-morbidities or the type of interferon
used between groups. Liver biopsies from patients
prior to treatment revealed a significant difference
between responders and non-responders. Responders
exhibited fewer disturbances in liver architecture
as evidenced by HAI stage and Metavir A and F.
There was also a significantly greater percentage of
non-responders who exhibited liver steatosis than
responders (Figures 1 and 2).

Frequency of LDLR genotype polymorphisms between
responders, non-responders and controls

The frequency of the LDLR exon 8 C: 1171 G>A in
the patient group was distributed as follows: AA: 170
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(25.9%), GA: 146 (22.2%), and GG: 341 (51.9%).
This result was significantly different from the control
group: AA: 6 (3.8%), GA: 85 (53.1%) and GG: 69
(43.1%). Responders exhibited the following frequency
of LDLR exon 8C:1171 G>A polymorphism: AA: 13
(3.6%), GA: 54 (15.2%), and GG: 289 (81.2%). Nonresponders exhibited the following distribution: AA:
157 (52.2%), GA: 92 (30.6%), and GG: 52 (17.2%).
These differences were statistically significant (P <
0.001).
LDLR exon 10 C1413 G>A revealed no significant
differences between cases and controls, and there was
no difference between responders and non-responders
(P = 0.354) (Table 2).

Allele frequency and risk ratio in non-responders vs
responders

There was a statistically significant association
between the A allele of LDLR exon 8 C1171 G>A gene
polymorphism and the response to treatment (standard
of care treatment). Carriers of the A allele exhibited a
16.4 times greater risk for non-response to treatment
than carriers of the G allele (P < 0.001). There was no
significant association between response to therapy
and LDLR exon 10 C:1413 G>A (Table 3).

Comparisons of HAI stage, BMI, steatosis and Metavir
score to LDLR gene polymorphisms

The LDLR exon 8 C1171 G>A polymorphism was
significantly associated with the HAI stage of liver
fibrosis. There was a statistically significant association
between the AA variant of the LDLR exon 8 genotype
and increased BMI. There was no significant association
between the different genotypes of LDLR exon 10
polymorphisms and liver fibrosis as evidenced by HAI
and Metavir scores. There was a statistically significant
association between LDLR exon 8 and Metavir A and
F scores and the pathological evidence of steatosis.
Carriers of the AA genotype exhibited a significantly
higher incidence of fibrosis and steatosis. There was
no association between the various genotypes of
LDLR exon 10 gene polymorphisms and Metavir A or F
scores or the presence of steatosis (Figure 3 and Table
4). There was no association between LDL receptor
genotypes and the type of interferon in responders
and non-responders.

DISCUSSION
Many studies suggested that HCV likely utilizes
[40]
cell receptors to facilitate entry into cells . The
discrepancy in the rate of progression and clinical
outcome of this disease was extensively investigated,
and this step of viral entry is most incriminated in the
[17]
development of chronicity . The LDL receptor is a
transmembrane glycoprotein that acts as a receptor
for the uptake of cholesterols containing serum
[41]
lipoproteins .
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Figure 1 The HAI stage, Metavir score, steatosis grade in the responders and non-responders.
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Figure 2 Histopathology of the liver biopsy tissues of patient group. A: Hematoxylin-eosin (HE) stain showing Portal tract s with piecemeal necrosis; B:
HE stain showing moderate portal inflammation, the hepatocytes shows mild steatosis; C: MassomTrichrom stain showing Portal tract with bridging fibrosis; D:
MassomTrichrom stain showing fibrous expansion with septation.

WJG|www.wjgnet.com

11146

October 21, 2015|Volume 21|Issue 39|

Naga M et al . LDL receptor gene and HCV
Table 2 The frequency of the genotypes of gene poly
morphisms in the studied groups n (%)
Non responders
(n = 301)
LDR exon8
c.1171G>A
AA
GA
GG
LDR exon10
c.1413G>A
AA
GA
GG

Responders
(n = 356)

Control
(n = 160)

P value
< 0.001

157 (52.2)
92 (30.6)
52 (17.2)

13 (3.6)
54 (15.2)
289 (81.2)

6 (3.8)
85 (53.1)
69 (43.1)
0.204

48 (15.9)
191 (63.5)
62 (20.6)

51 (14.3)
215 (60.4)
90 (25.3)

15 (9.4)
109 (68.1)
36 (22.5)

Table 3 Allele frequency and risk ratio in non-responders vs
responders
Non
responders
LDR exon 8
c.1171G>Aallele
A
G
exon 10 c.1413
G>Aallele
A
G

Responders P value

n (%)

n (%)

406 (67.4)
196 (32.6)

80 (11.2)
632 (88.8)

< 0.001

287 (47.7)
315 (52.3)

317 (44.5)
395 (55.5)

0.253

OR (95%CI)

16.4 (12.3-21.8)
1

1.13 (0.9-1.4)
1

The LDL receptor is a proposed receptor for HCV
entry into hepatocytes. However the exact mechanism
of HCV entry is not clear. The association of the virus
with a host’s lipoprotein component may facilitate
[42]
this interaction . The endoplasmic reticulum is the
likely site of production of lipid droplets that associate
[43]
with HCV after its replication and assembly . Mature
viruses are released from infected cells, and they
are found in the low-density fraction of the serum of
[44]
infected persons . Hepatocytes endocytosed HCVRNA in the LDL fraction of HCV-infected patients.
Anti-LDL and anti-ApoE antibodies block viral entry
[17]
into cells . Several in vitro studies confirmed this
hypothesis and concluded that the binding and entry
of HCV particles into cultured hepatocytes was strongly
[45]
associated with the level of LDLR expression . HCV
infection propagates LDLR expression, which further
promotes lipid uptake from the blood and enriches
the hepatocyte content of lipids to facilitate HCV
[44,46]
replication
.
Some studies indicate that the LDLR functions as a
receptor of HCV binding and entry through interactions
[47]
between the HCV/lipoprotein virion complex . Other
studies suggest that the LDLR is essential only for
[48]
post-entry events, such as viral replication . These
studies note the possible role of other host receptors
in HCV binding, attachment, endophagocytosis and
viral replication, whether sequentially or individually.
However, the viral envelope glycoproteins E1 and E2
[49]
are the main binding sites for the host receptors .
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Direct interaction of HCVE2 envelope proteins
and LDL mediates the binding and internalisation of
[32]
lipoviroparticles by LDLR . Atherosclerosis, obesity
and familial hypercholesterolaemia are definitely
related to mutations and polymorphisms in the gene
[25]
encoding for LDLR . This fact led investigators to
probe the significance of gene polymorphisms of LDLR
and the development of fibrosis, and the response to
the standard of care treatment.
This study assessed gene polymorphisms at exon
8 G>A 1171 and exon 10 G>A 1413. The study was
conducted on 657 patients with HCV infection and 160
healthy controls. The genotype distribution and allele
frequency of exons 8 and 10 of the LDLR was studied
and related to liver inflammation, the presence of
steatosis, and BMI.
Our results demonstrated that the AA gene
polymorphism of the 3 types of gene polymorphisms
found in exon 8 of the LDLR (AA, GA, GG) was
significantly different (P < 0.001) between HCV
patients and the healthy control group, but the GA
and GG gene polymorphisms were not significantly
different. LDLR exon 10 also revealed no significance
in gene polymorphisms (either AA, GA or GG),
which indicates that the presence of the AA gene
polymorphism of LDLR exon 8 was clearly associated
with a higher susceptibility to HCV infection. Fur
thermore, the LDLR exon 8 AA gene polymorphism
occurred more frequently in non-responders of
interferon-based treatment than responders, and
this difference was highly statistically significant (P <
0.001). A total of 157 patients (52.2%) of the nonresponders had AA genes, but only 13 (3.6%) of the
responders had AA genes.
However, no such discrepancy was detected in
patients with GA or GG genes. exon 10 also exhibited
no differences between gene polymorphisms between
responders and non-responders.
One of the most important outcomes of the
present study was the statistically significant asso
ciation between the A allele of LDLR exon 8 gene
polymorphism and the response to interferon, with
carriers of the A allele exhibiting a 16.4 times greater
risk for non-response to interferon-based treatment
than patients who did not carry the A allele (P < 0.001),
regardless of the type of interferon used.
The study identified a significant association bet
ween LDLR exon 8 and HAI staging and Metavir A and
Metavir F, but this statistically significant difference was
not present in LDLR exon 10.
Steatosis and BMI levels were significantly asso
ciated with LDLR exon 8, and both factors were higher
in patients carrying the AA genotype. However, no
such association was found in LDLR exon 10.
This difference may be explained by the fact that
polymorphisms in the LDLR gene theoretically affect
steatosis, which eventually leads to more severe liver
disease and the failure of response to treatment in
patients with HCV. However, the relationship between
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Table 4 Steatosis and body mass index mean level in different LDLR genotypes in hepatitis C virus patients n (%)
P value

LDR exon 8 c.1171 G>A
BMI (kg/m2)
Steatosis
0
1,2,3

AA

GA

GG

28.7 ± 4.7

28.1 ± 4.8

26.6 ± 4.3

64 (37.6)
106 (62.4)

70 (47.9)
76 (52.1)

204 (59.8)
137 (40.2)

GA

GG

< 0.001

27.3 ± 4.3

27.5 ± 4.8

27.4 ± 4.4

0.887

< 0.001

50 (50.5)
49 (49.5)

208 (51.2)
198 (48.8)

80 (52.6)
72 (47.4)

0.938

Metavir F in different LDR EXON

Metavir A in different LDR EXON

8 c.1171 G>A genotypes
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Figure 3 Low density lipoprotein receptor genes studied and Metavir A and F score in patient groups.

exon 8 and steatosis requires further study.
The finding that a single polymorphism in exon 8
was associated with more severe liver disease was
[50]
also concluded in a study by Li et al
in 2006, who
reported a correlation between exon 8 and fibrosis
[50]
severity. In contrast to our study, Li et al
correlated
a polymorphism of exon 10 to viral clearance and
overall inflammation, which was not observed in
our study. This difference may be explained by the
difference in the ethnicity of the group studied and/or
the type of viral genome.
The same correlation between exon 10, viral
clearance and overall inflammation was also observed
[36]
in a study by Hennig et al . This study agreed with
our study that the polymorphism in exon 8 exhibited
the strongest association with disease severity.
However the carriage of the G allele on exon 8 was
associated with more severe fibrosis in this study, and
heterozygosity at this site appeared protective against
inflammation. This result directly contradicts our study
in which the presence of the A allele was associated
with more severe disease, and the presence of the G
allele was somewhat protective.
[51]
A more recent study by Mas Marques et al
in
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2009 demonstrated that the prevalence of an LDLR
exon 8 polymorphism did not alter the grade of
inflammation or stage of fibrosis. However, a careful
analysis of this study reveals a low prevalence of the A
allele of exon 8, which may support our results.
In conclusion, polymorphisms in the LDLR play a
key role in the progression of HCV infection. The recent
study of different exons identified exons 8 and 10 for
further scrutiny. The results that relate polymorphisms
of the alleles of these exons to the propagation of
HCV infection and disease progression are somewhat
contradictory. The need to clarify this dilemma is
evident to improve disease outcome and treatment
response in patients with HCV. This results of the
present and previous studies supports the pivotal
role of LDLR exon 8 in the natural course of HCV and
its response to treatment. However, it is evident that
further studies are needed to clarify whether other
exons and alleles play a similar role.
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Background

Hepatitis C virus (HCV) infection causes severe morbidity and mortality
worldwide. Egypt has the largest epidemic of HCV worldwide. It was proposed
that low-density lipoprotein receptors (LDLR) function as HCV receptors, and
these receptors are implicated in the entry of HCV into hepatocytes.
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Research frontiers

10

Genetic polymorphisms of the LDLR may be involved in treatment response
and final disease outcome. Assessment of the frequency of LDLR genotype
polymorphisms and the effect of these genetic polymorphisms in Egyptian
chronic HCV patients aid predictions of treatment response.
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Innovations and breakthroughs

The results demonstrated that the G allele of LDL receptor exon8c.1171G>A
predominated in cases and controls over the A allele. Moreover, carriers of the
A allele have a 16.4 times greater risk for non-response to anti-HCV therapy. A
significant association was also found between LDL receptor exon8 c.1171G>A
and the degree of liver fibrosis.
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Applications

These findings aid in the selection of patients who will benefit from anti-HCV
therapy. The study also confirmed the important role of LDLR exon 8 in the
natural course of HCV and patient response to treatment. However, further
studies are needed to clarify whether other exons and alleles play a similar role.
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Terminology

LDLR is a cell surface receptor that plays an important role in cholesterol
homeostasis. Mutations and polymorphisms in the LDLR gene are associated
with familial hypercholesterolemia, obesity and atherosclerosis. The LDLR acts
as a viral receptor. The LDLR gene family functions as a receptor for the minor
group of common cold viruses, and these receptors may function as HCV and
other virus receptors.

Peer-review

This report was very interesting study about HCV and LDLR polymorphism.
HCV particles are known to be in complex with lipoproteins. Discussion need to
be more detailed about LDLR and HCV.
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Abstract

Institutional review board statement: The study was
approved by the Ethics Committee of Beijing YouAn Hospital,
Capital Medical University.

AIM: To investigate the relationship between serum
vitamin D3 levels and liver fibrosis or inflammation in
treatment-naive Chinese patients with chronic hepatitis
C (CHC).

Informed consent statement: All patients gave informed
consent.

METHODS: From July 2010 to June 2011, we enrolled
122 CHC patients and 11 healthy controls from Dingxi
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city, Gansu Province, China. The patients were infected
with Hepatitis C virus (HCV) during blood cell retransfusion following plasma donation in 1992-1995,
and had never received antiviral treatment. At present,
all the patients except two underwent liver biopsy
with ultrasound guidance. The Scheuer Scoring
System was used to evaluate hepatic inflammation
and the Metavir Scoring System was used to evaluate
hepatic fibrosis. Twelve-hour overnight fasting blood
samples were collected in the morning of the day
of biopsy. Serum levels of alanine aminotransferase,
aspartate aminotransferase, total bilirubin, direct
bilirubin, cholinesterase, prothrombin activity,
albumin, γ-glutamyl transpeptidase, hemoglobin,
calcium and phosphorus were determined. Serum
HCV RNA levels were measured by real-time PCR.
Serum levels of 25-hydroxyvitamin D 3 [25(OH)D 3]
and 24,25-dihydroxyvitamin D3 [24,25(OH)2D3] were
measured by high-performance liquid chromatography
tandem mass spectrometry.
RESULTS: Serum levels of 25(OH)D 3 but not
24,25(OH)2D3 were significantly lower in CHC patients
than in control subjects. Serum 25(OH)D3 levels did
not correlate with liver fibrosis, inflammation, patient
age, or levels of alanine aminotransferase, aspartate
aminotransferase, total bilirubin, direct bilirubin,
prothrombin activity, cholinesterase or HCV RNA.
However, serum 25(OH)D 3 levels did correlate with
serum 24,25(OH) 2D 3 levels. Serum 25(OH)D 3 and
24,25(OH)2D3 levels, and the 25(OH)D3/24,25(OH)2D3
ratio, have no difference among the fibrosis stages or
inflammation grades.
CONCLUSION: We found that serum levels of
25(OH)D3 and its degradation metabolite 24,25(OH)2D3
did not correlate with liver fibrosis in treatment-naive
Chinese patient with CHC.
Key words: Hepatitis C virus; 25-Hydroxyvitamin D3;
24,25-Dihydroxyvitamin D3; Fibrosis; Inflammation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We studied the relationship between liver
fibrosis, based on liver biopsies, and serum vitamin
D 3 levels in Chinese treatment-naive patients with
chronic hepatitis C (CHC). The levels of serum
25-hydroxyvitamin D 3 [25(OH)D 3] were significantly
lower in the patients than in healthy control
subjects. The levels of the degradation metabolite
24,25-dihydroxyvitamin D 3 [24,25(OH) 2D 3] did not
differ between the patients and controls. Spearman’s
rank correlation analysis indicated that serum 25(OH)D3
levels did not correlate with the extent of liver fibrosis
or inflammation. However, serum 25(OH)D 3 levels
did correlate with serum 24,25(OH)2D3 levels. Serum
25(OH)D3 and 24,25(OH)2D3 levels, and the 25(OH)D3/
24,25(OH) 2D 3 ratio, have no difference among the
fibrosis stages or inflammation grades. In conclusion,
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the levels of serum 25(OH)D 3 and its metabolite
24,25(OH)2D3 did not correlate with liver fibrosis in
treatment-naive Chinese patient with CHC.
Ren Y, Liu M, Zhao J, Ren F, Chen Y, Li JF, Zhang JY, Qu
F, Zhang JL, Duan ZP, Zheng SJ. Serum vitamin D3 does not
correlate with liver fibrosis in chronic hepatitis C. World J
Gastroenterol 2015; 21(39): 11152-11159 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11152.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11152

INTRODUCTION
Vitamin D has many functions in addition to regulating
the metabolism of calcium and phosphorus, such as
[1]
immunomodulatory and anti-proliferative activities .
The liver plays an important role in vitamin D
metabolism. Vitamin D3 is obtained through food
intake, and 7-dehydrocholesterol in skin can be
converted into vitamin D3 after exposure to ultraviolet
light. Vitamin D3 is hydroxylated to 25-hydroxyvitamin
D 3 [25(OH)D 3] in the liver. 25(OH)D 3 is further
hyd roxyl at ed t o 1,25- d i hyd roxyvi t ami n D3
[1,25(OH)2D3] by 1-α-hydroxylase in the kidneys. It
is this form of vitamin D that binds to receptors and
plays a biological role. Both 25(OH)D3 and 1,25(OH)2D3
can be converted into 24,25-dihydroxyvitamin D3
[24,25(OH)2D3], which is an inactive form of vitamin
[2]
D3 .
Recent studies have found that there is a close
[3-6]
relationship between vitamin D and hepatitis C .
Although it is accepted that patients with chronic
hepatitis C (CHC) have low serum levels of 25(OH)D3,
there are inconsistencies regarding its role in liver
fibrosis. Several studies have shown that the low
serum levels of 25(OH)D 3 in CHC patients are
associated with the progression or degree of liver
fibrosis and the response of hepatitis C virus (HCV)
[7,8]
to antiviral therapy
. In contrast, other studies
have found no correlation between vitamin D levels
and either liver fibrosis or sustained virological
[9,10]
responses
.
The association of 24,25(OH) 2D 3 levels with
liver fibrosis in CHC has not been reported. This
is an interesting issue that should be addressed,
as 24,25(OH)2D3 is downstream in the vitamin D
metabolic pathway.
Because vitamin D levels and fibrosis are affected
by many factors such as race, diet, light exposure,
measurement methods, and interferon treatment,
there is an urgent need to evaluate the role of vitamin
D in liver fibrosis in patients with CHC. To date, the
correlation between serum 25(OH)D3 levels and liver
fibrosis, based on liver biopsy, has rarely been reported
in Chinese Han patients with CHC.
In this study, we enrolled 122 patients with CHC
who were naïve to antiviral treatment and 11 healthy

11153

October 21, 2015|Volume 21|Issue 39|

Ren Y et al . Vitamin D3 and liver fibrosis in CHC
controls. All of the subjects were of Han ethnicity and
living in the same area of Dingxi, Gansu Province,
with similar environmental and eating habits. The
purpose of this study was to measure 25(OH)D3 and
24,25(OH)2D3 serum levels in Chinese Han patients
with CHC, and to analyze the correlation between
these levels and liver fibrosis or inflammation.

MATERIALS AND METHODS
Patients

From July 2010 to June 2011, we enrolled 122 CHC
patients and 11 healthy controls from Dingxi city,
Gansu Province, China. These patients were infected
with HCV during blood cell re-transfusion following
plasma donation in 1992-1995, and had never
received antiviral therapy. The diagnosis of CHC
[11,12]
was made according to the established criteria
.
Patients were excluded from the study if they had liver
disease of mixed or other etiology, such as hepatitis
B, autoimmune liver disease, excessive alcohol
consumption, or Wilson’s disease, or if the patients had
hepatocellular carcinoma or other malignant diseases.
Patients with vitamin D supplementation or other
medical therapy that influences vitamin D metabolism
were also excluded.
All CHC patients and healthy controls gave informed
consent before the study. The study protocol was in
accordance with the provisions of the Declaration of
Helsinki and its appendices. This study was approved
by the Institutional Review Board of Beijing YouAn
Hospital, Capital Medical University, Beijing, China.

Liver histology

CHC patients underwent liver biopsy with ultrasound
guidance. The biopsy specimens had a minimum
length of 15 mm and contained at least six complete
portal tracts. Two patients were excluded from
pathological analysis: one because of ascites, and the
other because the liver biopsy was too small. Thus,
120 patients were included for further assessment.
The liver sections stained by hematoxylin and eosin.
Slides were coded and read by two pathologists who
were unaware of the patient’s identity and history. The
Scheuer Scoring System was used to evaluate hepatic
inflammation and the Metavir Scoring System was
used to evaluate hepatic fibrosis. A fibrosis score of F
≥ 2 was defined as moderate fibrosis, and F ≥ 3 was
defined as severe fibrosis.

Clinical and laboratory assessment

Twelve-hour overnight fasting blood samples were
collected in the morning of the day of biopsy. Serum
levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL),
direct bilirubin (DBIL), cholinesterase, prothrombin
activity (PTA), albumin, γ-glutamyl transpeptidase
(GGT), calcium and phosphorus were determined by
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automated biochemical detection. Blood cell counts
were determined by multi-parameter auto-calculator.
Serum HCV RNA levels were determined by real-time
PCR.

Serum 25(OH)D3 and 24,25(OH)2D3 measurements

Blood samples for vitamin D measurements were
collected at the same time as the blood samples for
clinical parameter measurements. Serum samples were
stored at -80  ℃ , then 25(OH)D3 and 24,25(OH)2D3
levels were measured by high-performance liquid
chromatography tandem mass spectrometry (HPLCMS/MS) at the State Key Laboratory of Bioactive
Substance and Function of Natural Medicines, Institute
of Materia Medica, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing,
China. All vitamin D standards were purchased from
Sigma (St Louis, MO, United States). HPLC-MS/MS
was performed on an Agilent 6410B Triple Quad mass
spectrometer (QQQ; Agilent Technologies, Santa Clara,
CA, United States) containing a triple quadrupole MS
analyzer with an electrospray ionization interface and
an Agilent 1200 RRLC system.

Statistical analysis

Continuous variables were summarized as mean ±
standard deviation and categorical variables were
summarized as frequency and percentage. MannWhitney and Kruskal-Wallis tests were used to
compare continuous variables when appropriate.
Correlations were evaluated with the Spearman rank
coefficient. All statistical tests were two-tailed, and P <
0.05 was considered statistically significant. We used
SPSS version 18.0 (Chicago, IL, United States).

RESULTS
Clinical characteristics

The clinical features of the 120 patients who underwent
liver biopsy and 11 healthy controls are shown in Table
1. The male-to-female ratio of the patients was 57/63,
with a mean age of 51.33 ± 7.33 years. The Metavir
fibrosis scores were: F0 (1/120, 0.8%), F1 (55/120,
45.8%), F2 (50/120, 47.1%), F3 (12/120, 10%), and
F4 (2/120, 1.7%). The inflammation grades were:
G0 (1/120, 0.8%), G1 (16/120, 13.3%), G2 (67/120,
55.8%), G3 (34/120, 28.3%), and G4 (2/120, 1.7%).

Serum 25(OH)D3 and 24,25(OH) 2D3 levels

The average level of serum 25(OH)D3 in the patients
with CHC was 5.84 ± 2.63 ng/mL, which was lower
than that of the healthy controls (10.08 ± 3.15
ng/mL) (z = -3.93, P < 0.001). The average level
of serum 24,25(OH)2 D3 did not differ significantly
between the patients and controls (1.78 ± 1.02 ng/mL
vs 2.30 ± 1.27 ng/mL, z = -1.40, P = 0.161). The
ratio of 25(OH)D3 to 24,25(OH)2D3 also did not differ
significantly between the two groups (4.10 ± 2.44 vs
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Table 2 Serum 25(OH)D3 and 24,25(OH)2D3 levels, and
the 25(OH)D3/24,25(OH)2D3 ratio, in chronic hepatitis C
patients and healthy controls

Table 1 Characteristics of patients and controls
Patients (n = 120) Controls (n = 11)

Features
Male/female
Age (yr)
BMI (kg/m2)
ALT (U/L)
AST (U/L)
TBIL (µmol/L)
DBIL (µmol/L)
TP (g/L)
ALB (g/L)
GGT (U/L)
CHE (U/L)
Ca (mmol/L)
P (mmol/L)
HB (g/L)
PLT (× 109/L)
PTA (%)
Virus load, n (%)
< 4 log10
4-5 log10
6-7 log10
Stage of fibrosis, n (%)
0
1
2
3
4
Grade of inflammation, n (%)
0
1
2
3
4

57/63
51.33 ± 7.33
22.34 ± 2.73
60.42 ± 70.88
47.94 ± 44.30
16.51 ± 7.25
3.26 ± 1.36
70.93 ± 4.95
43.24 ± 2.36
22.04 ± 16.50
6657.09 ± 1442.44
2.26 ± 0.08
0.92 ± 0.19
151.09 ± 16.56
171.36 ± 53.20
92.41 ± 9.11

4/7
38.45 ± 6.95
24.00 ± 2.53
16.71 ± 5.14
19.87 ± 3.49
16.30 ± 5.64
2.82 ± 0.75
69.05 ± 3.15
43.86 ± 2.18
15.90 ± 10.82
7703.45 ± 945.75
2.21 ± 0.05
1.02 ± 0.14
144.45 ± 11.43
242.18 ± 48.36
93.78 ± 4.69

25(OH)D3 (ng/mL)
24,25(OH)2D3 (ng/mL)
25(OH)D3/24,25(OH)2D3

1 (0.8)
55 (45.8)
50 (47.1)
12 (10)
2 (1.7)
1 (0.8)
16 (13.3)
67 (55.8)
34 (28.3)
2 (1.7)

BMI: Body Mass Index; ALT: Alanine Aminotransferase; AST: Aspartate
Aminotransferase; TBIL: Total Bilirubin; DBIL: Direct Bilirubin; TP: Total
Protein; ALB: Albumin; GGT: Gamma-glutamyl Transpeptidase; CHE:
Cholinesterase; HB: Hemoglobin; PLT: Platelets; PTA: Prothrombin Time
Activity.

5.52 ± 2.47, P = 0.076) (Table 2).

Correlations between serum vitamin D3 levels and
clinical parameters in CHC patients

Spearman’s rank correlation analysis showed that
neither 25(OH)D 3 nor 24,25(OH) 2D 3 correlated
with patient age or level of ALT, AST, TBIL, DBIL,
PTA, cholinesterase, or HCV RNA. The 25(OH)D3/
24,25(OH)2D3 ratio correlated negatively with the
serum levels of ALT (r = -0.230, P = 0.012), TBIL (r
= -0.176, P = 0.054), DBIL (r = -0.282, P = 0.002),
total protein (r = -0.185, P = 0.043), and GGT (r =
-0.211, P = 0.021). Serum 25(OH)D3 levels correlated
positively with the levels of 24,25(OH)2D3 (r = 0.410,
P < 0.001) (Table 3).

Spearman’s rank coefficient analysis showed that
serum 25(OH)D3 levels did not correlate with liver
fibrosis (P = 0.574). Although serum 25(OH)D3 levels
exhibited some variation with fibrosis stage (F0-F1
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Controls
(n = 11)

P value

5.84 ± 2.63
1.78 ± 1.02
4.10 ± 2.44

10.08 ± 3.15
2.30 ± 1.27
5.52 ± 2.47

< 0.001
0.161
0.076

vs F2 vs F3-F4, P = 0.027) (Figure 1A), the changing
trend in serum 25(OH)D3 levels was not consistent:
25(OH)D3 levels were lower in F2 (5.12 ± 2.15 ng/mL)
than in F0-F1 (6.17 ± 2.76 ng/mL) and F3-F4 (7.06 ±
3.10 ng/mL). Further analysis indicated that there was
no difference in serum 25(OH)D3 levels between nonsevere and severe fibrosis patients (F0-F2 vs F3-F4)
(Figure 1B) and between mild and apparent fibrosis
patients (F0-F1 vs F2-F4) (Figure 1C).
To explore the association of serum 25(OH)D3 levels
with liver inflammation, we made multiple comparisons
among the different liver inflammation subgroups.
However, serum 25(OH)D3 levels did not vary significant
ly among the inflammation grades (G0-G1 vs G2 vs
G3-G4; or G0-G2 vs G3-G4; or G0-G1 vs G2-G4) (Figure 2).
Similarly, serum 24,25(OH)2D3 levels and the ratio
of 25(OH)D3 to 24,25(OH)2D3 have no difference among
the fibrosis stages or inflammation grades (Figures 1
and 2).

20 (16.7)
52 (43.3)
48 (40.0)

Serum vitamin D3 levels and liver fibrosis/inflammation
in CHC patients

Patients
(n = 120)

DISCUSSION
We enrolled Chinese Han subjects from the same
geographical area, with similar lifestyles, eating
habits and living environments. All the CHC patients
had the same route of infection, by plasma donation
in 1992-1995, and had never received antiviral
treatment. All factors influencing the level of vitamin
D and liver fibrosis were adjusted to a similar level or
eliminated as far as possible; therefore, we were able
to obtain the true results of changes in serum vitamin
D levels and their association with liver fibrosis. Liver
biopsy and HPLC-MS/MS showed that the serum
25(OH)D3 level had no correlation with fibrosis stage
or inflammation grade in the Chinese Han CHC
patients. To the best of our knowledge, this is the first
study to show that there is no difference in serum
24,25(OH)2D3 levels between healthy individuals and
CHC patients, and that the serum 24,25(OH)2D3 level
does not correlate with liver fibrosis and inflammation.
Although increasing evidence has confirmed
[13-15]
that CHC patients are deficient in vitamin D
, the
relationship between vitamin D deficiency and liver
fibrosis is still unclear. There are several inconsistencies
in the literature regarding the role of vitamin D in liver
[16]
fibrosis . Some studies found a correlation between
[17-19]
vitamin D levels and hepatitis C progression
,
[9,20,21]
but other studies found the contrary
. The main
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Table 3 Correlations of serum 25(OH)D3 and 24,25(OH)2D3 levels, and the 25(OH)D3/24, 25(OH)2D3 ratio, with clinical
parameters
25(OH)D3 (ng/mL)

24,25(OH)2D3 (ng/mL)

25(OH)D3/24,25(OH)2D3

r value

P value

r value

P value

r value

P value

-0.034
-0.062
0.036
-0.124
-0.165
-0.126
0.027
-0.143
-0.015
0.027
0.088
-0.040
0.109
-0.052
-0.104
0.074
0.410

0.711
0.502
0.693
0.177
0.072
0.170
0.770
0.119
0.871
0.768
0.337
0.665
0.237
0.574
0.258
0.464
< 0.001

-0.132
0.175
0.169
0.088
0.109
0.136
0.120
0.104
-0.058
0.200
-0.130
0.133
-0.134
0.023
-0.129
0.173
0.410
-

0.150
0.055
0.066
0.337
0.065
0.138
0.193
0.260
0.526
0.028
0.158
0.149
0.145
0.807
0.160
0.086
< 0.001
-

-0.134
-0.230
-0.149
-0.176
-0.282
-0.185
-0.112
-0.211
-0.011
-0.158
0.266
-0.195
0.231
-0.072
0.069
-0.131
-

0.145
0.012
0.104
0.054
0.002
0.043
0.223
0.021
0.906
0.084
0.003
0.033
0.011
0.435
0.451
0.196
-

Age (yr)
ALT (U/L)
AST (U/L)
TBIL (μmol/L)
DBIL (μmol/L)
TP (g/L)
ALB (g/L)
GGT (U/L)
CHE (U/L)
Ca (mmol/L)
P (mmol/L)
HB (g/L)
PTA (%)
Liver fibrosis
Liver inflammation
Viral load( IU/mL)
25(OH)D3 (ng/mL)
24,25(OH)2D3 (ng/mL)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; TP: Total protein; ALB: Albumin; GGT:
Gamma-glutamyl transpeptidase; CHE: Cholinesterase; HB: Hemoglobin; PLT: Platelets; PTA: Prothrombin time activity.
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Figure 1 Serum vitamin D levels in chronic hepatitis C patients with different stages of fibrosis. Serum 25(OH)D3 and 24,25(OH)2D3 levels, and the 25(OH)D3/
24,25(OH)2D3 ratio, among subgroups of patients with different stages of fibrosis. A: F0-F1 vs F2 vs F3-F4; B: F0-F2 vs F3-F4; C: F0-F1 vs F2-F4.

reasons for the inconsistencies are that the level of
vitamin D can be affected by many factors, such as
[22]
race, diet, altitude, light exposure, etc. , and that

WJG|www.wjgnet.com

liver fibrosis is influenced by co-existing etiologies such
as co-infection of HIV, antiviral treatment, and the
method of measurement. The HPLC-MS/MS method
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Figure 2 Serum vitamin D levels in chronic hepatitis C patients with different grades of liver inflammation. Serum 25(OH)D3 and 24,25(OH)2D3 levels, and the
25(OH)D3/24,25(OH)2D3 ratio, among subgroups of patients with different grades of liver inflammation. A: G0-G1 vs G2 vs G3-G4; B: G0-G2 vs G3-G4; C: G0-G1 vs
G2-G4.

we employed is currently the best way to detect
vitamin D, being more stable, reproducible, sensitive
[23-26]
and accurate than other methods
. The use of
HPLC-MS/MS in our study laid a solid foundation for
investigating the relationship between vitamin D levels
and liver fibrosis in patients with CHC.
Our results showed that CHC patients had lower
serum 25(OH)D3 levels than did healthy controls,
[15,27]
which is consistent with previous findings
. In fact,
the serum 25(OH)D3 levels in our CHC patients were
lower than the levels reported for CHC patients in
previous studies. One reason for this difference might
be that our patients were of Chinese Han ethnicity,
not Caucasian. A recent study found serum 25(OH)D3
levels in healthy Japanese adults to be 34.7 ± 16.4
[28]
nmol/L (13.88 ± 6.56 ng/mL), similar to our results .
Another reason might be the inadequate nutrition in
our patients, due to their low income. We previously
found that the mean body mass index (BMI) of our
2
patients was 22.34 kg/m , which was classified as
2
non-obese (BMI < 25 kg/m ); the liver biopsies in the
current study confirmed that 70.0% (84/120) of the
[29]
patients did not have steatosis .
Based on liver biopsy, our study showed no
association between serum 25(OH)D3 levels and the
degree of liver fibrosis in Chinese Han patients with
[9]
CHC. This is consistent with the study of Kitson et al ,
WJG|www.wjgnet.com

in which HPLC-MS/MS was used to measure vitamin
D3.
Although serum 25(OH)D3 levels also did not
correlate with the grade of inflammation, we found
that, from G0-G1 to G2 to G3-G4, the mean serum
25(OH)D3 level changed from 6.35 ± 2.91 ng/mL to
5.99 ± 2.81 ng/mL to 5.31 ± 2.07 ng/mL. This did
not exclude the effect of a small sample size in our
study. Several studies have shown that severe liver
[9,30]
inflammation can decrease 25-hydroxylase activity
,
thereby causing a decrease in 25(OH)D3 levels. Further
research is needed to elucidate the exact mechanism
involved.
Furthermore, we measured serum 24,25(OH)2D3
levels and evaluated whether they were associated
with liver fibrosis. Serum 24,25(OH) 2D 3 is the
inactivated form of vitamin D. By measuring the
level of 24,25(OH)2D3, we can infer whether there
is excessive conversion of 25(OH)D3 in patients with
CHC. Although an obvious correlation exists between
serum 25(OH)D3 and 24,25(OH)2D3 levels, due to
their metabolic connection, we found no difference in
serum 24,25(OH)2D3 levels between CHC patients and
healthy controls. In order to clarify the phenomenon,
future studies should address whether the hydroxylase
plays a key role in 24,25(OH)2D3 production.
Similar to serum 25(OH)D3, neither serum 24,
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25(OH)2D3 nor the ratio of 25(OH)D3 to 24,25(OH)2D3
correlated with liver fibrosis or inflammation. The
serum 24,25(OH)2D3 levels did not differ among the
subgroups of liver fibrosis or inflammation. To the best
of our knowledge, this is the first report on serum
24,25(OH)2D3 levels and the 25(OH)D3/24,25(OH)2D3
ratio in CHC patients.
There were some limitations in our study. We
analyzed the relationship between serum vitamin D
and hepatic fibrosis based on a long-term (about 20
years) follow-up in a cohort of treatment-naive CHC
patients, and the actual number of patients was not
large. The patient and control groups were not wellmatched for age. Studies with larger group sizes are
needed to verify our findings.
In conclusion, using liver biopsy and HPLC-MS/
MS, we found that serum levels of 25(OH)D3 and its
degradation metabolite 24,25(OH)2D3 did not correlate
with liver fibrosis or inflammation in treatment-naive
Chinese Han CHC patients from the same geographical
area with similar lifestyle and eating habits.
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Abstract
AIM: To find risk factors of lymph node metastasis
(LNM) in early gastric cancer (EGC) and to find proper
endoscopic therapy indication in EGC.
METHODS: We retrospectively reviewed the 2270
patients who underwent curative operation for EGC
from January 2001 to December 2008. EGC was
defined as malignant lesions that do not invade beyond
the submucosal layer of the stomach wall irrespective
of presence of lymph node metastasis.

Correspondence to: Si Hyung Lee, MD, Department of
Internal Medicine, Yeungnam University College of Medicine,
170 Hyeonchungro, Nam-gu, Daegu 705-717,
South Korea. dr9696@nate.com
Telephone: +82-53-6203830
Fax: +82-53-6548386

RESULTS: Among 2270 enrolled patients, LNM was
observed in 217 (9%) patients. LNM in intramucosal
(M) cancer and submucosal (SM) cancer was de
tected in 38 (2.8%, 38/1340) patients and 179
(19%, 179/930) patients, respectively. In univariate
analysis, the risk factors for LNM in EGC were size of
tumor, Lauren classification, ulcer, lymphatic invasion,
vascular invasion, and depth of invasion. However,
in multivariate analysis, size of tumor, lymphatic
invasion, vascular invasion, and depth of invasion were
risk factors for LNM in EGC. Size of tumor, lymphatic
invasion, vascular invasion, and depth of invasion were
risk factors for LNM in cases of intramucosal cancer
and submucosal cancer. In particular, there was no
lymph node metastasis in cases of well differentiated
early gastric cancer below 1 cm in size without ulcer
regardless of lymphovascular invasion.
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CONCLUSION: Tumor size, perilymphatic-vascular
invasion, and depth of invasion were risk factors for
LNM in EGC. There was no LNM in EGC below 1 cm
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regardless risk factors.
Key words: Early gastric cancer; Lymph node metastasis;
Endoscopic resection
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Core tip: Although the depth of tumor infiltration,
tumor size as a maximum tumor diameter, and perilym
phovascular invasion are independent risk factors for
lymph node metastasis (LNM) in early gastric cancer
(EGC), there was no LNM in intramucosal cancer which
was not signet ring cell type and was below 1 cm
without ulceration regardless of lymphatic invasion. This
means that endoscopic submucosal dissection can be
the treatment of choice in patients with intramucosal
cancer below 1 cm without ulceration. There was LN
metastasis in EGC of extended criteria in this study.
But, the possibility of LNM in intramucosal cancer of
extended indication was below 1%.
Park JH, Lee SH, Park JM, Park CS, Park KS, Kim ES, Cho
KB. Prediction of the indication criteria for endoscopic resection
of early gastric cancer. World J Gastroenterol 2015; 21(39):
11160-11167 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i39/11160.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i39.11160

INTRODUCTION
Early detection in gastric cancer is increasing with
screening endoscopy. Consequently early gastric
cancer (EGC) which was resectable with endoscopic
resection has increased. In gastric cancer, the most
significant factor in endoscopic resection is the absence
of lymph node metastasis (LNM) because it determines
the treatment. For that reason, prediction of lymph
node metastasis in EGC is very important.
The predictors of the absence of LNM in EGC
were tumor size of 2 cm or smaller, histologically
differentiated type, intramucosal cancer, and no
[1]
lymphovascular (LV) invasion . According to the risk
factors of LNM, endoscopic submucosal dissection
(ESD) is a standard treatment for differentiatedtype adenocarcinoma without ulceration, of which
the depth of invasion is up to muscularis mucosa
and the diameter is below 2 cm (Japanese gastric
[1]
cancer treatment guidelines 2010 ). However, some
recent studies have reported extended indications for
[2-6]
endoscopic resection
in differentiated EGC without
lymphatic or vascular involvement, including: (1)
mucosal cancers with no ulcerative findings, regardless
of tumor size; (2) mucosal cancers with ulcerative
findings ≤ 30 mm; and (3) minute (≤ 500 μm from
the muscularis mucosae) submucosal invasive cancers
≤ 30 mm.
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However, evidence from these studies is limited in
South Korea. Thus, the purpose of this study was to
determine the risk factors of lymph node metastasis
in EGC removed by gastrectomy and to determine the
safety of extended criteria for endoscopic treatment of
EGC in South Korea.

MATERIALS AND METHODS
A total of 2270 patients who had undergone gas
trectomy with lymph node dissection for EGC at
Yeungnam University hospital and Keimyung University
hospital and we retrospectively reviewed the patient
who has been taken radiologic imaging study and
upper gastrofibroscope, and confirmed pathological
reports after operation.
The patient profiles were investigated, including
sex, age, tumor location, size, ulceration, histological
type, lymphovascular invasion, and depth of in
vasion. Well and moderately differentiated tubular
adenocarcinoma and papillary adenocarcinoma were
classified as differentiated lesions. Poorly differentiated
adenocarcinoma, signet ring cell carcinoma, and
mucinous carcinoma were categorized as undifferen
tiated types. Lesions with ulcer or ulcer scar within
cancer were regarded as ulcerated lesions. The
depth of submucosal invasion was checked from the
muscularis mucosa to the point of deepest penetration.
The depth of submucosal invasion was subclassified
according to two groups: SM1 (≤ 500 μm penetration
into submucosa) and SM2 (> 500 μm). The tumor size
was measured by the results of the pathological report
after surgical resection.
Statistical analysis was performed using the SPSS
program. The relationship between lymph node metas
tasis and various factors was assessed using the
2
simple χ test and multiple logistic regression analysis.

RESULTS
Baseline characteristics of enrolled patients and EGC

Male to female ratio was 1488:782 and mean age
was 59.3 ± 11.7. The mean length of major axis was
25.9 ± 16.5 mm. The most common location of early
gastric cancer was middle anterior wall of stomach.

Risk factors of LNM

Among 1340 patients with M cancers, 2.8% (39/1340)
were diagnosed as LMN; 19.2% (179/930) in SM
cancer, 14.5% (55/379) in SM1 lesion, and 22.3%
(123/551) in SM2 lesion. The relationships between
various clinical or histological factors and the risk of
LNM are summarized in Table 1, Table 2 and Table
3. Tumor size, lymphatic or venule invasion, deeper
vertical invasion, and ulceration were the risk factors
of lymp node metastasis. Similar to the finding for
cancer involving intramucosa, significant correlation
was observed between tumor larger than 3 cm and
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Table 1 Risk factors for lymph node metastasis in early
gastric cancer (n = 2270) by multivariate analysis

Tumor size ≤ 30 mm vs > 30 mm
Depth of invasion
M vs SM1
M vs SM2
Lymphatic invasion
Vascular invasion

OR

95%CI

P value

2.1

1.5-3.0

< 0.001

1.6
4.7
4.1
4.7

1.0-2.4
3.0-7.2
2.8-6.0
3.1-7.1

Table 3 Risk factors for lymph node metastasis in submucosal
gastric cancer (n = 930) by univariate analysis n (%)

Gender
Male/female
Age
Size of tumor (mm, mean ± SD)
Tumor size
≤ 20 mm
> 20 mm
Tumor location
Upper
Middle
Lower
Lauren
Intestine type
Diffuse type
Mix type
Histologic type
Differentiated
Undifferentiated
Ulcer finding
Absence/presence
Lymphatic invasion
Absence/presence
Vascular invasion
Absence/presence
Perineural invasion
Absence/presence

< 0.001
0.040
< 0.001
< 0.001

Table 2 Risk factors for lymph node metastasis in intramucosal
gastric cancer (n = 1340) by univariate analysis n (%)

Gender
Male/female
Age
Size of tumor (mm, mean ± SD)
Tumor size
≤ 30 mm
> 30 mm
Tumor location
Upper
Middle
Lower
Lauren
Intestine type
Diffuse type
Mix type
Histologic type
Differentiated
Undifferentiated
Ulcer finding
Absence/presence
Lymphatic invasion
Absence/presence
Vascular invasion
Absence/presence
Perineural invasion
Absence/presence

Negative

Positive

843/458
58.5 ± 11.8
23.5 ± 15.7

29/10
50.6 ± 14.5
37.9 ± 28.6

961 (81)
224 (19)

18 (54)
15 (46)

192 (15)
736 (59)
324 (26)

14 (36)
19 (48)
6 (16)

P value
0.217
< 0.001
< 0.001
< 0.001

0.052

< 0.001
634 (61)
371 (36)
33 (3)

11 (38)
16 (55)
2 (7)

799 (62)
498 (38)

20 (53)
18 (47)

0.715

0.757
619/550

14/14
< 0.001

1202/93

23/15

1272/22

22/17

1279/13

36/3

< 0.001
< 0.001

lymphovascular invasion with an increased risk of
LNM. Also, cancer with involvement deep into the
submucosa showed greater association with LNM;
and significant correlation was observed between
tumor larger than 2 cm and lymphovascular invasion
and LNM in submucosal cancer. This meant that the
possibility of LNM in cancer with involvement deep
into the submucosa was greater than in smaller sized
tumor than in intramucosal cancer.

Suggestion for expanded indication of endoscopic
resection for EGC

According to extended criteria, 3 (0.8%, 3/378)
differentiated intramucosal lesions without lym
phovascular invasion and ulceration regardless
of tumor size showed association with LNM. Two
(0.9%, 2/230) differentiated intramucosal ulcerative
lesions below 3 cm without lymphovascular invasion
showed association with LNM. Three (2.7%, 3/113)
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Negative

Positive

497/254
61.0 ± 11.3
27.0 ± 14.8

119/60
60.2 ± 11.4
36.1 ± 19.9

512 (73)
188 (27)

94 (55)
76 (45)

157 (21)
376 (50)
223 (29)

34 (20)
93 (52)
52 (28)

343 (56)
215 (35)
52 (9)

69 (47)
63 (43)
16 (10)

489 (65)
258 (35)

113 (63)
66 (37)

P value
0.369
< 0.001
< 0.001
< 0.001

0.651

0.514

0.884

0.115
255/388

51/104

526/222

47/130

< 0.001
< 0.001
665/82

104/71

693/56

157/22

0.103

differentiated submucosal (≤ 500 μm from the
muscularis mucosae) lesions were below 3 cm without
lymphovascular invasion (Table 4). Although there were
few patients with LNM in cases reflected by extended
criteria, the possibility of LNM in EGC remained.
In our study, none (0/102) of the differentiated
intramucosal lesions below 1 cm without lympho
vascular invasion and ulceration showed association
with LNM. In particular, there was no lymph node
metastasis (0/127) in cases of well differentiated
early gastric cancer below 1 cm in size without
ulcer regardless of lymphovascular invasion. The
undifferentiated intramucosal cancer below 1 cm in size
with ulcer did not show association with metastasis.
One (1.2%, 1/81) of the undifferentiated early gastric
cancers below 1 cm without ulcer regardless of lym
phovascular invasion showed association with LNM.
The cell type of the patient in one case was signet ring.
Thus, there was no LNM in patients with early gastric
cancer below 1 cm in the without ulcer group without
signet ring type cancer in cell differentiation (Table 4).

Relative contraindication of endoscopic resection for
EGC

Of 406 patients with undifferentiated M cancer, 2.7%
(11/406) were found to have LNM. Seven patients
with perilymphatic-vascular invasion were confirmed
LNM and four of them had no ulcerated lesion. In 11
patients with LNM, one case was below 10 mm in size
(Table 4).
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Table 4 Lymph node metastasis according to the presence of ulcer, differentiation, lymphovascular invasion, and the depth of
invasion in early gastric cancer patients
Ulcer

Differentiation

M
Ulcer negative

Differentiated

VI

No
Yes

Undifferentiated

No
Yes

Ulcer positive

Differentiated

No
Yes

Undifferentiated

No
Yes

SM1
Ulcer negative

Differentiated

No
Yes

Undifferentiated

No
Yes

Ulcer positive

Differentiated

No
Yes

Undifferentiated

No
Yes

SM2
Ulcer negative

Differentiated

No
Yes

Undifferentiated

No
Yes

Ulcer positive

Differentiated

No
Yes

Undifferentiated

No
Yes

LI

Size
≤ 10 mm

> 10 mm

> 20 mm

> 30 mm

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

0/102
0/5
0
0
1/66
0/3
0
0
1/59
0/5
0
0/2
0/40
0/4
0
0/1

2/112
0/2
0
1/2
2/41
0/3
0
0
1/104
1/12
0
0/4
0/50
0/2
0
1/2

0/81
0/1
0
0/0
0/41
0/1
0
0/1
0/67
0/1
0
0/0
1/42
0/6
0
0/1

1/57
0/5
1/2
1/2
1/45
0/2
0
3/3
1/47
1/5
0
1/1
0/46
1/4
0
1/1

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

0/10
0/3
0
0
0/7
0
0
0
0/14
0/1
0
0
0/6
0/2
0
1/2

1/19
0/3
0
1/3
0/6
0/2
0
0/1
2/24
0/0
0/1
0/1
2/12
1/7
0
3/5

0/12
1/2
1/1
0/0
1/8
0/0
0
0/1
0/19
1/7
0/0
2/3
2/7
0/3
0
1/4

1/13
0/1
2/2
1/3
0/6
0/1
0
2/3
1/13
1/5
0
3/3
1/6
1/7
1/1
1/1

No
Yes
No
Yes
No
Yes
No
Yes

0/4
0
0/1
0/1
0/1
0/2
0/1
0/1

2/23
1/12
0/0
1/3
1/14
1/1
0/0
0/0

1/25
2/5
0/0
0/1
2/9
0/2
0/0
5/6

0/18
11/27
0
6/8
1/4
3/7
0
1/3

No
Yes
No
Yes
No
Yes
No
Yes

3/16
0/3
0
0/1
0/4
0/2
0
1/1

2/33
5/15
0
1/2
2/14
1/8
0
3/4

1/31
12/27
1/3
2/5
1/19
1/6
0/1
5/8

3/31
13/31
0/3
4/5
4/18
4/11
1/1
3/5

In 324 patients with undifferentiated submucosal
cancer, 20.3% (66/324) were found to have LNM. Of
the subgroup of 16 patients with undifferentiated SM1
lesion, 16.3% (16/98) were diagnosed as LNM. Yet,
of 82 undifferentiated SM1 lesions without LNM, 31
cases had ulcerated lesion, no one had perivascular
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invasion, 32 cases showed perilymph invasion. And,
of 16 undifferentiated SM1 lesions with LNM, no one
had perivascular invasion, and perilymph invasion was
detected in three cases. Seven patients had lymphatic
and vascular invasion.
Based on these results, the treatment of choice of
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Not indicated
Indicated
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

M

SM

Total

Figure 1 Percentage of cases in which endoscopic resection was
indicated among early gastric cancer patients who underwent surgery.

undifferentiated SM1 lesion is not endoscopic resection
but surgical resection (Table 4).

Percentage of cases in which endoscopic resection
was indicated among EGCa patients who underwent
surgery

In Yeungnam and Keimyung university hospitals,
1340 patients with M cancer underwent surgery.
Among them, 799 (59.6%) patients were confirmed
as differentiated M cancer without LNM. Among 930
patients with SM invasion, 118 (12.6%) differentiated
SM1 cancer patients without perilymphatic-vascular
invasion were free from LNM; 40.3% (917/2270) of
patients with EGC were overtreated (Figure 1).

DISCUSSION
The definition of EGC was suggested by the Japanese
Gastroenterologic Endoscopic Society in 1962. In this
definition, EGC is defined as gastric cancer which
invades within submucosa regardless of lymph node
[7]
metastasis .
The existence of LNM was association with bad
[8]
prognosis . The 5-year survival rate is > 90% in
EGC, and the absence of lymph node metastasis is
[9,10]
the most significant prognostic factor
. The 5-year
survival rate was reported to be 87.3% in patients
with regional lymph nodes metastasis and 94.2%
[11]
[12]
in those without . Maruyama et al
reported that
the number of metastatic lymph nodes in patients
with EGC was associated with the survival rate. EGC
patients with LNM had a lower survival rate than
[13]
patients without lymph node metastasis .
Because of an increased accuracy of diagnosis
of EGC, which in turn leads to a better prognosis,
increased interest has been focused on betterment
of the quality of life and minimalization of invasive
procedures. Furthermore, nowadays, various minimally
invasive treatment modalities have been developed
and endoscopic resection has enabled rapid restoration
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of patient’s health with lower risk of procedure,
however, this endoscopic treatment also has risk of
disease recurrence and distant metastasis.
Therefore, we suggested investigation of the
relationship between various risk factors and LNM,
and we think that our research will be helpful in
development of more delicate criteria for endoscopic
resection of EGC.
The overall incidence of a LNM in EGC ranges from
[9,10,14,15]
10% to 15%
. The incidence of lymph node
invasion was reported upto 4.8% in mucosal cancers
[9,10,16]
and 23.6% in SM cancers
. These results are
similar to ours generally, and the incidence of LNM
was similar to those in mucosal carcinoma reported by
[17]
[18]
Yamao et al
and Tsujitani et al , and lower risk in
[19]
submucosal carcinoma reported by other researchers .
So far, standard treatment of SM cancer is gas
[20]
trectomy with lymphadenectomy . But, endoscopic
resection such as EMR or ESD is widely used standard
[9,21]
treatment modality for mucosal cancer
. In studies
analyzing the outcome of endoscopic resection in
undifferentiated EGC, complete resection rate of
undifferentiated EGC was relatively lower than that of
[22]
differentiated EGC .
There were various attempts to clarify risk factors
predicting LNM and relationship between these risk
[23]
factors and prognosis. Maehara et al
found that
large tumor, lymphatics involvement, and submucosal
invasion were risk factors for LNM in EGC patients.
[17]
Yamao et al
also reported that lymphatic invasion,
histologic type, and large tumor size were independent
risk factors for LNM in intramucosal EGC. In our study,
univariate and multivariate analysis showed association
of LNM in EGC with large tumor size, submucosal
invasion, and perilymphatic-vascular invasion.
Some researchers have advocated that submucosal
invasion is the most predictive risk factor for LNM.
Otherwise, of risk factors for metastasis, the most
[24]
important is perilymphatic invasion . As for lymphatic
vascular invasion, this may be the most important
[6]
direct route to the regional lymph nodes . Relation
of prognostic factors, including gender, tumor size,
depth of invasion, endoscopic findings, and lym
phatic invasion to LNM in SM cancer has been demon
[20,25,26]
strated
. Besides pathologic type, Lauren classi
fication and perineural involvement also showed
significant and independent association with LNM.
[6]
However, Keita Nakahara et al reported that the
histological type was not a risk factor for LNM. In our
results, histological type and presence of differentiation
were unrelated to LNM. And, in the study by Nakahara
[6]
et al , no significant difference in invasion depth was
observed between SM1 and M cancers among EGC.
Yet, in our studies, a statistically significant difference
was observed between SM1 and M, and SM1 and SM2.
With respect to size and ulceration, the possibility
of SM invasion is higher and ulceration develops
more readily in larger lesions. In contrast, there was
no difference between ulcerated lesion and LNM in
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M, SM1, and SM2 (Table 1). Molecular biologically,
proliferating cell nuclear antigen labeling index of
greater than 25%, matrix metalloproteinase-9-positive
tumors, tumor with gastric mucin phenotype, and
vascular endothelial growth factor-C-positive tumors
[27]
showed an association with LNM .
EMR has been widely used for treatment of EGC.
However, current application of EMR is limited to
[28]
differentiated EGC . Endoscopic resection is basically
contraindicated even in differentiated type submucosal
[29]
gastric cancer. In fact, Kunisaki et al
reported
that the incidence of LNM was 1.8% in patients with
submucosal gastric cancer measuring less than 20 mm
and without lymphovascular invasion, and the site of
LNM was restricted to the paragastric lymph nodes.
[19]
Kurihara et al
reported that reoperation after
an endoscopic resectio for EGC with SM1 invasion is
unnecessary because most SM1 cancers < 20 mm
do not have the lymph node metastasis. Gotoda et
[4]
al reported that none of 145 differentiated adeno
carcinomas < 30 mm, a lack of lymphovascular
invasion and submucosal penetration < 500 μm,
[4]
[4]
had nodal metastasis . Gotoda et al proposed an
extension of the indications for endoscopic treatment,
and one of the extended indications was differentiated
[4]
SM1 adenocarcinoma measuring less than 30 mm .
[30]
Abe et al
also reported that an EMR could be
suitable for SM1 cancers and no lymphatic invasion.
[30]
Abe et al
suggested that SM cancer with < 15
mm in diameter could be treated by EMR or a local
resection. In our study, there were few patients with
LNM in cases reflected by extended criteria. However,
the possibility of LNM in EGC remained. In particular,
there was no LNM in patients with EGC below 1 cm
without ulcer in the group without signet ring type
cancer in cell differentiation (Table 4).
[31]
Korenaga et al
reported that accurate assess
ment of depth of cancer invasion was difficult in
lesions larger than 15 mm resected piecemeal.
Clinically, it is difficult to determine whether lesions
[32,33]
are confined to the mucosa or not
. Also, several
studies reported that assessment of depth of cancer
invasion after endoscpic resection is inaccurate in up
[32,33]
to 20% of lesions
. Biopsies are too superficial to
provide this information, but EMR provides a larger
specimen, which allows assessment of depth of cancer
[4]
invasion and lymphovascular invasion . But, when
resection if fragmented, the bruised margin makes
it difficult to evaluate the stump, and the degree of
radical treatment cannot be adequately evaluated.
This issue is particularly important in lesions for
which local treatment is indicated. When en bloc/total
resection is technically impossible, indications of EMR
[6]
should not be readily extended . In addition, accurate
evaluation of the presence of lymphatic vascular
invasion preoperatively or before endoscopic resection
is impossible, therefore, postoperative histological
evaluation is essential.
Endoscopic ultrasonography, computed tomography

WJG|www.wjgnet.com

etc. were widely used by staging of EGC. But, resected
tissue by EMR or ESD and radiological examination
could not exclude perfectively regional LNM. However,
recently, minimal invasive surgery or stomach con
serving therapy such as sentinel node navigation
surgery, hybrid NOTES, and endoscopic submucosal
dissection with sentinel node navigation surgery has
[34,35]
been newly developed
.
In addition, from the technical perspective of en
block/total resection, a condition of 30 mm or less may
[6]
be considered safe . The new endoscopic technique
or tools such as ESD and IT knife enable complete
resection of large and ulcerated lesions.
Because of the high probability of LNM and tumor
residual, patients with submucosal undifferentiated
[28]
EGC are not candidates for treatment by EMR . By
our studies, 66 (20.3%) cases of 324 undifferentiated
SM cancer were related to LNM.
[36]
In the Kunisaki et al
study, the incidence of LNM
in patients with poorly differentiated type mucosal
cancer was 2.2%. In this study, the incidence of LNM
was 3.4% in patients with undifferentiated mucosal
tumors. Therefore, endoscopic resection may be
contraindicated in these patients.
As mentioned above, currently, exclusion of his
tologically poorly differentiated submucosal gastric
cancer from the indications for endoscopic resection
is mandatory, whereas histologically differentiated
submucosal gastric cancer can be curatively resected
[36]
endoscopically . However, endoscopic resection
may be reasonable for histologically undifferentiated
mucosal gastric cancer below 10 mm in size and
without lymphovascular invasion, for undifferentiated
submucosal cancer less than 10 mm and without
lymphovascular invasion in elderly patients with severe
co-morbid disease, because the incidence of LNM is
low in these patients.
In conclusion, we suggest that depth of tumor
infiltration, tumor size as a maximum tumor diameter,
and perilymphovascular invasion are independent risk
factors for LNM in EGC.
Our study shows that there was no LNM in intra
mucosal cancer which was not signet ring cell type
and was below 1 cm without ulceration regardless
of lymphatic invasion. This means that ESD can be
the treatment of choice in patients with intramucosal
cancer below 1 cm without ulceration.
ESD has shown advantages over conventional
EMR for removal of larger or ulcerated EGC lesions
in an en bloc manner as well as for prevention of
residual disease and local recurrence. Some reports
showed LN metastasis in EGC of extended indication,
particularly in submucosal invasive EGC. Our study
shows LN metastasis in EGC of extended criteria, too.
But, the possibility of LNM in intramucosal cancer of
extended indication was below 1%. Many more cases
of materials and more large scaled multicenter studies
are essential for development of eligibility criteria for
endoscopic treatment of EGC.
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COMMENTS
COMMENTS
Background

Recently endoscopic resection of early gastric cancer (EGC) has been widely
performed. In endoscopic treatment, the presence of lymph node metastasis
(LNM) is the most important issue. However, data on risk factors for LNM in
South Korean EGC have been limited. The aims of this study were to find risk
factors of LNM in EGC and to find proper endoscopic therapy indication in
EGC.

5

6

Research frontiers

According to the risk factors of LNM, endoscopic submucosal dissection
(ESD) is a standard treatment for differentiated-type adenocarcinoma without
ulceration, of which the depth of invasion is up to muscularis mucosa and
the diameter is below 2 cm. However, recent studies have reported extended
indications for endoscopic resection in differentiated EGC with no lymphatic or
vascular involvement, including: (1) mucosal cancers without ulcerative findings,
regardless of tumor size; (2) mucosal cancers with ulcerative findings ≤ 30
mm; and (3) minute (≤ 500 μm from the muscularis mucosae) submucosal
invasive cancers ≤ 30 mm. However, evidence from these studies is limited in
South Korea.

7
8

9

Innovations and breakthroughs

Although the depth of tumor infiltration, tumor size as a maximum tumor
diameter, and perilymphovascular invasion are independent risk factors for
LNM in EGC, there was no LNM in intramucosal cancer which was not signet
ring cell type and was below 1 cm without ulceration regardless of lymphatic
invasion. This means that ESD can be the treatment of choice in patients with
intramucosal cancer below 1 cm without ulceration. Gotoda et al proposed an
extension of the indications for endoscopic treatment, and one of the extended
indications was histologically differentiated type SM1 tumor measuring less than
30 mm. But, there was LN metastasis in EGC of extended criteria in this study.
However, the possibility of LNM in intramucosal cancer of extended indication
was below 1%.

10

11

12
13

Applications

There was no LNM in intramucosal cancer which was not signet ring cell type
and was below 1 cm without ulceration regardless of lymphatic invasion. This
means that ESD can be the treatment of choice in patients with intramucosal
cancer below 1 cm without ulceration.

14

Terminology

15

The depth of submucosal invasion was subclassified according to two
groups: SM1 (≤ 500 μm penetration into submucosa) and SM2 (> 500 μm).
Extended indication criteria for endoscopic resection in differentiated EGC
with no lymphatic or vascular involvement, includes: (1) mucosal cancers
without ulcerative findings, regardless of tumor size; (2) mucosal cancers with
ulcerative findings ≤ 30 mm; and (3) minute (≤ 500 μm from the muscularis
mucosae) submucosal invasive cancers ≤ 30 mm.

16
17

Peer-review

The present paper is certainly well designed and conducted and draws solid
and convincing conclusion that are mostly in line with similar studies from
recent literature.
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Abstract
AIM: To investigate the association of plasma levels of
interleukin (IL)-6 and -8 with Wilms’ tumor 1 (WT1)specific immune responses and clinical outcomes
in patients with pancreatic ductal adenocarcinoma
(PDA) treated with dendritic cells (DCs) pulsed with
three types of major histocompatibility complex
class Ⅰ and Ⅱ-restricted WT1 peptides combined with
chemotherapy.
METHODS: During the entire treatment period, plas
ma levels of IL-6 and -8 were analyzed by ELISA. The
induction of WT1-specific immune responses was as
sessed using the WT1 peptide-specific delayed-type
hypersensitivity (DTH) test.
RESULTS: Three of 7 patients displayed strong WT1DTH reactions throughout long-term vaccination
with significantly decreased levels of IL-6/-8 after
vaccinations compared with the levels prior to treat
ment. Moreover, overall survival (OS) was significantly
longer in PDA patients with low plasma IL-6 levels (<
2 pg/mL) after 5 vaccinations than in patients with
high plasma IL-6 levels (≥ 2 pg/mL) (P = 0.025). After
disease progression, WT1-DTH reactions decreased
severely and were ultimately negative at the terminal
stage of cancer. The decreased levels of IL-6/-8 ob
served throughout long-term vaccination were asso
ciated with WT1-specific DTH reactions and long-term
OS.
CONCLUSION: Prolonged low levels of plasma IL-6/-8
in PDA patients may be a prognostic marker for the
clinical outcomes of chemoimmunotherapy.
Key words: Chemoimmunotherapy; Dendritic cell;
Delayed-type hypersensitivity; Interleukin-6; Inter
leukin-8; Pancreatic cancer; Wilms’ tumor 1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We recently reported a phase 1 clinical study
in pancreatic cancer patients using dendritic cells (DCs)
pulsed with multiple major histocompatibility complex
class Ⅰ and Ⅱ-restricted Wilms’ tumor 1 (WT1) epitopes
(DC/WT1-Ⅰ/Ⅱ) in combination with chemotherapy.
Little is known about the prognostic markers for the
clinical outcomes of chemoimmunotherapy. We exa
mined the association of plasma levels of interleukin
(IL)-6/-8 with WT1-specific immune responses and
clinical outcomes in pancreatic cancer patients treated
with chemotherapy combined with DC/WT1-Ⅰ/Ⅱ. The
study demonstrates that prolonged low levels of plasma
IL-6/-8 in pancreatic ductal adenocarcinoma patients
may be a prognostic marker for the clinical outcomes of
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INTRODUCTION
Patients with pancreatic ductal adenocarcinoma
(PDA) have a particularly poor prognosis, with a
[1]
5-year survival rate of < 1% . Thus, PDA remains
one of the deadliest human tumors, characterized by
high mortality, rapid progression, and resistance to
chemotherapy and radiation therapy. Compared with
single chemotherapy with standard agents such as
gemcitabine, multi chemotherapy regimens such as
FOLFIRINOX (consisting of 5-fluorouracil/folinic acid/
oxaliplatin/irinotecan) and gemcitabine/nab-paclitaxel
have been associated with significant improvement in
[2,3]
median overall survival (OS) from 6 to 11 mo . New
therapeutic approaches for PDA are urgently needed.
PDA cells express tumor-associated antigens (TAAs),
[4]
including Wilms’ Tumor gene 1 (WT1) . Therefore,
immunotherapy targeting PDA-associated antigens
may be an alternative approach in patients with PDA.
Dendritic cells (DCs) are potent antigen-presenting
cells (APCs) extensively used for the development
[5,6]
of anticancer immunotherapies
. DCs capture
and process TAAs into peptides and present these
fragments through major histocompatibility complex
(MHC) class Ⅰ and Ⅱ pathways, thus simultaneously
+
+
[5,6]
stimulating both CD4 and CD8 T cells . TAAs are
+
recognized by CD8 cytotoxic T-lymphocytes (CTLs) in
+
the context of MHC class Ⅰ molecules, whereas CD4
T cells recognize antigenic peptides in association
+
with MHC class Ⅱ molecules. CD8 CTLs recognize
MHC class Ⅰ-peptide complexes on cancer cells and
destroy these cells through effector molecules such as
[7]
granzyme B and perforin . DCs have been pulsed with
various MHC class Ⅰ-restricted antigenic peptides for
the treatment of patients with PDA in clinical studies;
however, the antitumor effects of these vaccines
+
targeting only CD8 CTLs are not as vigorous in clinical
[7]
+
trials . Increasing evidence has suggested that CD4 T
+
[8]
cells prime and maintain antigen-specific CD8 CTLs
and play a direct role in the destruction of tumor
[9]
+
cells . Therefore, the stimulation of both CD4 and
+
CD8 T cells is an efficient strategy for treating patients
with advanced cancer. We recently conducted a phase
1 clinical study in patients with PDA to examine the
clinical and immunological responses to DCs pulsed with
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Figure 1 Treatment schedule for patients with pancreatic ductal
adenocarcinoma. The patients were treated with gemcitabine alone, followed
by dendritic cells pulsed with a Wilms’ tumor 1 (WT1)-specific peptide mixture
restricted by multiple major histocompatibility complex (MHC) class Ⅰ and Ⅱ
molecules (DC/WT1-Ⅰ/Ⅱ) in combination with gemcitabine or S-1, an oral
5-fluorouracil (5-FU). GEM: Gemcitabine.

multiple MHC class Ⅰ and Ⅱ-restricted WT1 epitopes
[10,11]
(DC/WT1-Ⅰ/Ⅱ) in combination with chemotherapy
.
The vaccination of PDA patients with DC/WT1-Ⅰ
+
/Ⅱ simultaneously induced WT1-specific CD4 and
+
[10,11]
CD8 T cell responses in vivo and in vitro
. WT1specific delayed-type hypersensitivity (DTH) induced by
combination therapy was associated with maintenance
of WT1-specific memory CTLs, resulting in long-term
[10]
clinical responses . Moreover, we previously reported
that the post-treatment neutrophil to lymphocyte
(N/L) ratio is a treatment-related prognostic factor for
improved survival of PDA patients after DC/WT1-Ⅰ/Ⅱ
[11]
treatment . In the present study, we analyzed the
association of plasma interleukin (IL)-6 and IL-8 levels
and WT1 peptide-specific DTH in PDA patients during
long-term chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ.
The value of plasma IL-6 and IL-8 levels as prognostic
markers was also assessed.

MATERIALS AND METHODS
Study design

The study was reviewed and approved by the ethics
committee of the Jikei Institutional Review Board, Jikei
University School of Medicine (Tokyo, Japan), and the
clinical study committee of Jikei University Kashiwa
Hospital [No. 14-60 (3209) and 21-204 (6082)]. All 7
PDA patients provided written informed consent and
underwent chemoimmunotherapy with DC/WT1-Ⅰ/Ⅱ
[10]
vaccination and chemotherapy . All procedures were
performed in accordance with the Helsinki Declaration.

DC/WT1-Ⅰ /Ⅱ vaccine

Autologous peripheral blood mononuclear cells (PBMCs)
were isolated from peripheral blood by Ficoll-Plaque
Premium (GE Healthcare Bio-Sciences, Piscataway,
NJ, United States) density gradient solution. Adherent
PBMCs were cultured for 5 d in AIM-V medium
(Gibco Life Technologies, New York, United States)
containing granulocyte macrophage colony-stimulating
factor (50 ng/mL, Primmune Corp. Kobe, Japan)
and IL-4 (50 ng/mL, R&D Systems, Minneapolis,
MN, United States) to generate immature DCs. The
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immature DCs were activated with penicillin-killed
and lyophilized preparations of a low-virulence strain
(Su) of Streptococcus pyogenes (OK-432; 10 mg/
mL, Chugai Pharmaceutical Co, Ltd, Tokyo, Japan)
and prostaglandin E2 (PGE2; 50 ng/mL, Daiichi Fine
Chemical Co, Ltd, Toyama, Japan) for an additional
24 h. The mature DCs were pulsed with a mixture of
three WT1 peptide types restricted to HLA-A*02:01,
A*02:06 (126-134: RMFPNAPYL), A*24:02 (235-243:
CYTWNQMNL) and MHC-class Ⅱ (332-347: KRYF
KLSHLQMHSRKH; NeoMPS Inc., San Diego, CA, United
[10]
States) as previously described .

Chemoimmunotherapy

Gemcitabine was intravenously administered at a
2
dose of 1000 mg/m on days 1, 8, and 15 of a 28-d
cycle. After the first cycle of gemcitabine admini
stration, the patients were treated with a combination
of gemcitabine and DC/WT1-Ⅰ /Ⅱ . The DC/WT1-Ⅰ
7
/Ⅱ vaccine (usually 1 × 10 cells/dose) was intra
dermally administered biweekly, regardless of the
chemotherapy regimen (Figure 1). In Japan, the
oral 5-fluorouracil (FU) S-1 is used to treat patients
[12]
with gemcitabine-refractory PDA . Therefore, some
patients with gemcitabine-refractory PDA received S-1
during chemoimmunotherapy. Patients without early
progressive disease received chemoimmunotherapy
until the occurrence of disease progression, unaccep
table adverse events, or withdrawal of patient consent.

Clinical responses

Computed tomography was performed every 4 to 8 wk
during treatment until disease progression. The clinical
response was determined according to Response
Evaluation Criteria in Solid Tumors. Stable disease (SD)
was defined as disease that was stable for more than
8 wk after the start of treatment. Overall survival (OS)
and progression-free survival (PFS) were calculated
from the date of treatment to the date of death or
final follow-up and the date of disease progression,
respectively.

WT1 peptide-specific immune responses

To determine the induction of WT1-specific immune
responses during chemoimmunotherapy, the WT1
peptide-specific DTH test was performed before
treatment and after every vaccination. Briefly, 30 μg
of the three types of WT1 peptides in saline or saline
alone was intradermally injected separately into the
forearm. The maximum diameter of erythema and
induration were measured 48 h after WT1 peptide
injection. WT1-specific DTH positivity was defined as
erythema and induration greater than 2 mm in the
maximum diameter. We selected the value of 5-mm
erythema and induration to discriminate between
weak (2-5 mm) and strong (> 5 mm) WT1-specific
DTH reactions. The DTH test was performed prior to
treatment and during long-term treatment.
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Table 1 Patient characteristics
No. Sex Age (yr)

Location

Size (mm)

1
2

M
M

70
68

Body
Body

22
15

3

F

49

Head

18

4

M

35

Body

25

5

F

72

Body

22

6
7

F
M

69
39

Body-tail
Head-body

45
30

Metastases

Peritonitis
Liver, lymph
nodes
Liver,
peritonitis,
lymph nodes
Liver, lymph
nodes
Peritonitis,
lymph nodes
Lymph nodes
Peritonitis

UICC Vaccine OS (d) PFS
stage (times)
(d) HLA-A

HLA type
DRB1

DPB1

Best overall
tumor
response

Ⅳ

35
46

582
717

440
208

02:01
24:02

24:02
33:03

04:05
08:03

15:02 05:01 09:01 Stable disease
13:02 02:02 04:01 Stable disease

Ⅳ

7

133

26

02:01

24:02

04:05

09:01 02:02 05:01

Ⅳ

6

283

147

02:01

-

09:01

15:01 02:01 05:01 Stable disease

Ⅳ

14

215

109

02:06

24:02

08:02

12:01 02:01 05:01 Stable disease

Ⅳ

71+
20

1050+
325

545
290

24:02
02:10

33:03
24:02

13:02
15:01

15:01 04:01 13:01 Stable disease
15:02 02:02 09:01 Stable disease

Ⅳ

Ⅳ

Progressive
disease

Stable disease conformation is determined at least for more than 2 mo. Ope: Operation; Cx: Chemotherapy; OS: Overall survival; PFS: Progression-free
survival; HLA: Human leukocyte antigen.

Enzyme-linked immunosorbent assay

Throughout the vaccination period, plasma was
collected and immediately frozen at -140 ℃ until
further use. To investigate the quantitative relationship
between IL-6 or IL-8 plasma levels and WT1-specific
DTH reactions during vaccinations, the stored plasma
was tested for IL-6 or IL-8 every 5 vaccinations
using Enzyme-linked immunosorbent assay (ELISA)
kits (R&D Systems) according to the manufacturer’
s instructions. Background cytokine levels were
subtracted from each sample.

Statistical analysis

Statistical analyses of prognostic factors for OS and
PFS were performed according to the Kaplan-Meier
method and evaluated using the log-rank test. IL-6
or IL-8 levels were evaluated in a t-test analysis. A P
value of < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics

All 7 patients with PDA received gemcitabine followed
by a combination of gemcitabine and biweekly
vaccinations with DC/WT1-Ⅰ/Ⅱ (Figure 1). The clinical
characteristics of all PDA patients are presented in Table
1. All patients had disease stage Ⅳ and HLA types of A
(A*02:01, A*02:06, or A*24:02), DR (DRB1*04:05,
DRB1*08:03, DRB1*15:01, or DRB1*15:02) or DP
(DPB1*05:01, or DPB1*09:01). Treatment with the
[10]
DC/WT1-Ⅰ/Ⅱ vaccine was non-toxic and safe . None
of the 7 PDA patients achieved complete or partial
response, and 6 (85.7%) exhibited SD. As OS of ≥
1 year in advanced PDA patients generally indicates
[13]
that treatment has been beneficial , the treated PDA
patients were classified into 2 groups: OS ≥ 1 and < 1
year. Three of 7 patients (No. 1, 2, and 6) exhibited OS
of ≥ 1 year, and the remaining 4 patients (No. 3, 4, 5,
7) exhibited OS of < 1 year (Table 1). These 3 patients
(No. 1, 2, and 6) had long-term SD, resulting in long-
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term survival (OS ≥ 1 year). From the beginning of
treatment, one patient (No. 6) received biweekly 1000
2
mg/m gemcitabine combined with DC/WT1-Ⅰ /Ⅱ
vaccination because of neutropenia. Despite receiving
insufficient doses of gemcitabine, the local pancreatic
lesions in the patient were stable for more than 1 year
(Figure 2A-C, left panel); however, we identified liver
metastases at 545 d after the first treatment (Figure
2C, right panel). Therefore, the patient continued
treatment with S-1, an oral fluoropyrimidine, or gem
citabine/nab-paclitaxel combined with the DC/WT1Ⅰ/Ⅱ vaccine. At 545 d after the first treatment, the
patient maintained stable primary pancreatic cancer
(Figure 2D, left panel) with slightly enlarged liver
metastases (Figure 2D, right panel), and survived for
more than 1000 d with 100% Karnofsky Performance
Status (KPS).

WT1-specific DTH reactions

WT1-specific DTH reactions were not detected prior
to treatment in all patients. Chemoimmunotherapy
induced strong WT1-specific DTH reactions in all 3
patients (No. 1, 2, and 6) with long-term OS (≥ 1
year) after receiving only one dose of the DC/WT1Ⅰ/Ⅱ vaccine (Table 2). Moreover, the strong WT1specific DTH reactions in the 3 super-responders were
efficiently maintained during the entire treatment
period with at least 30 DC/WT1-Ⅰ /Ⅱ vaccinations
(Table 2). However, the DTH reactions in 2 (No. 1 and
2) of the super-responders were severely decreased
and became negative at the terminal stage of cancer
(35 and 45 vaccinations, respectively). Interestingly,
one super-responder (No. 6) remained alive more
than 1000 d and received more than 71 vaccinations,
resulting in the induction of strong WT1-specific DTH
reactions throughout the vaccination period (Table
2). Moreover, a clinical response in terms of SD was
achieved in all 3 patients (No. 1, 2, and 6) with strong
WT1-specific DTH responses. These patients also
maintained 100% KPS during treatment. By contrast,
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A

Prior-to treatment

398 d

C

545 d

545 d

D

963 d

963 d

B

Figure 2 Response assessment in a super-responder, case 6. A: Computed tomography (CT) imaging of case 6 revealing pancreatic body cancer before
treatment and no liver metastases; B: CT imaging after chemoimmunotherapy revealed that local pancreatic lesions were stable; C: Local pancreatic lesions were
stable (left panel), multiple liver metastases appeared at 545 d after the first treatment (right panel); D: Local pancreatic lesions were stable (left panel), the sizes of
multiple liver metastases were markedly increased at 963 d after the first treatment (right panel).

strong WT1-specific DTH reactions were not observed
in all 4 nonsuper-responders with OS < 1 year (No.
3, 4, 5, and 7). In the 4 nonsuper-responders, one
patient (No. 7) exhibited stable disease and weakly
positive DTH reactions against WT1 peptides after
10 to 15 vaccinations; however, the DTH reactions
became negative after 20 vaccinations, and the patient
died at 325 d after the first treatment. Importantly, all
4 PDA patients with WT1-specific DTH reactions (No.
1, 2, 6, and 7) displayed significantly improved OS
compared with the negative control patients (No. 3, 4,
and 5) (P = 0.018) (Figure 3A). In particular, all 3 PDA
patients with strong DTH reactions (No. 1, 2, and 6)
survived more than 1 year, with significantly longer OS
compared to the negative control patients (No. 1, 2,
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and 6) (P = 0.039) (Figure 3B). In addition, the WT1specific DTH reactions observed in this clinical trial
were HLA restricted (Table 2).

Plasma IL-6 level changes in PDA patients after DC/WT1-

Ⅰ /Ⅱ vaccination

To assess the prognostic significance of plasma IL-6
levels in PDA patients receiving chemoimmunotherapy
using DC/WT1-Ⅰ/Ⅱ vaccines, we analyzed plasma IL-6
levels by quantitative ELISA during treatment (Figure
4A). Prior to treatment, there was no difference in
plasma IL-6 levels between super-responders (OS ≥ 1
year) and nonsuper-responders (OS < 1 year) (Figure
4B). In one nonsuper-responder (No. 5), plasma IL-6
levels were extremely high prior to treatment and

11172

October 21, 2015|Volume 21|Issue 39|

WJG|www.wjgnet.com

1
+
-

5
+
-

15
++
-

-

10
++
-

-

HLA-A*02:01
Vaccine times
20 25 30 35 40
++
++
+
ND
ND
ND
ND
-

45
ND
-

-

ND

70

1
+
+
+
-

5
+
+
+
++
+

10
++
++

++
+

15
++
++

HLA-A*24:02
Vaccine times
20 25 30 35 40
++
++
+
+
+
+
+
+
ND
ND
ND
++
++
++
++
++
ND
++

45
ND
-

++

ND

70

1
+
+
+

5
+
+
+
++
+

10
++
++

++
+

15
++
++

HLA-DRB1/DPB1
Vaccine times
20 25 30 35 40
++
++
+
+
+
+
+
+
ND
ND
ND
++
++
++
++
++
ND
++

45
ND
-

++

ND

70

11173

In the present study, we analyzed plasma IL-6 and IL-8 levels and assessed WT1-specific DTH reactions in PDA patients receiving DC/WT1-Ⅰ/Ⅱ vaccines. The data

DISCUSSION

Plasma IL-8 levels in PDA patients after chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ vaccines were also analyzed by quantitative ELISA (Figure 6A). Prior to
treatment, there was no difference in plasma IL-8 levels between super-responders (No. 1, 2, and 6) and nonsuper-responders (No. 3, 4, 5, and 7) (Figure 6B).
Importantly, plasma IL-8 levels in all 3 super-responders with long-term SD were significantly decreased after 15 vaccinations compared with the levels observed
prior to treatment, and this decrease continued after 25 vaccinations (Figure 6C). However, plasma IL-8 levels in 2 super-responders (No. 1 and 2) were increased
after 35 vaccinations. The patients died 582 and 717 d, respectively (Table 1). However, one super-responder (No. 6) maintained low levels of IL-8 until at least 45
vaccinations and survived more than 1000 d. All 3 patients (No. 3, 4, and 5) with negative-DTH reactions against WT1 peptides received less than 15 DC/WT1-Ⅰ
/Ⅱ vaccinations (7, 6, and 14 vaccinations, respectively) due to disease progression. Therefore, we also compared plasma IL-8 levels in super-responders at various
vaccination periods and nonsuper-responders after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. As shown in Figure 6D, plasma IL-8 levels were significantly higher in nonsuperresponders after 5 DC/WT1-Ⅰ/Ⅱ vaccinations than in super-responders after 15, 20 and 25 vaccinations. In addition, plasma IL-8 levels were remarkably increased at
the terminal stage of cancer.

Changes in IL-8 plasma levels in PDA patients after DC/WT1-Ⅰ /Ⅱ vaccination

continuously increased during treatment (60.25-274.5 pg/mL), and we excluded these data from the assessment of the relationship between plasma IL-6 levels and
OS. After 1 course of gemcitabine alone, plasma IL-6 levels decreased in some patients but not significantly compared with prior to treatment (Figure 4A). All 3 superresponders (No. 1, 2, and 6) had long-term SD (440, 208, and 545 d, respectively), and plasma IL-6 levels in these patients were significantly decreased compared
with the levels prior to treatment after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. This significant decrease continued for 15 vaccinations (Figure 4C). Plasma IL-6 levels in 2 superresponders (No. 1 and 2) were increased after 35 and 45 vaccinations, respectively. However, 1 super-responder (No. 6) maintained low levels of IL-6 for at least 45
vaccinations, resulting in long-term OS. Because of early disease progression in nonsuper-responders (No. 3, 4, 5, and 7), these patients received at least 6 (7, 6, 14,
and 20 times, respectively) DC/WT1-Ⅰ/Ⅱ vaccinations. Therefore, we also compared plasma IL-6 levels in super-responders and nonsuper-responders after 5 DC/WT1Ⅰ/Ⅱ vaccinations. Compared with nonsuper-responders, plasma IL-6 levels in super-responders were significantly lower after 5 vaccinations (Figure 4D), indicating
that plasma IL-6 levels decreased in super-responders after the initial vaccinations. In addition, IL-6 levels were remarkably increased at the terminal stage of cancer.
Moreover, we assessed the association of IL-6 levels and OS and PFS after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. The PDA patients with low levels of plasma IL-6 (< 2 pg/mL)
after 5 vaccinations displayed significantly improved OS (P = 0.025) but not PFS (P = 0.110) compared with those patients with plasma IL-6 ≥ 2 pg/mL (Figure 5A and B).

Delayed-type hypersensitivity (DTH) erythema < 1 mm, +; DTH erythema 2-5 mm, ++; DTH erythema > 5 mm, not done (ND).

Patient Gemcitabine
No.
Pre Post
1
2
3
4
5
6
7
-

Table 2 Wilms’ tumor 1-specific delayed-type hypersensitivity reactions
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Figure 3 Association of Wilms’ tumor 1-specific delayed-type hypersensitivity reactions with overall survival. Kaplan-Meier estimates of overall survival
(OS) for patients with PDA treated with dendritic cells (DCs) pulsed with Wilms’ tumor 1 (WT1) MHC class Ⅰ and -Ⅱ peptides (DC/WT1-Ⅰ/Ⅱ) combined with
chemotherapy. A: OS in WT1-specific delayed type hypersensitivity (DTH)-positive (n = 4) or -negative (n = 3) responders; B: OS in strongly WT1-specific DTHpositive (n = 3) or -negative (n = 3) responders.
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Figure 4 Plasma interleukin-6 levels in pancreatic ductal adenocarcinoma patients receiving chemoimmunotherapy. A: Plasma interleukin (IL)-6 levels
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presented herein suggest that long-term decreases
in plasma IL-6 and IL-8 levels compared to the early
treatment period are associated with the induction of
WT1-specific DTH reactions. Significantly prolonged OS
was observed in PAD patients with strong WT1-specific
DTH reactions. Thus, long-term low levels of plasma
IL-6 and IL-8 during chemoimmunotherapy may be
prognostic markers of clinical outcomes.
In a recent clinical trial, to simultaneously activate
+
+
WT1-specific CD4 and CD8 T cells, mature DCs were
pulsed with a mixture of three types of WT1 peptides,
including MHC class Ⅰ and Ⅱ-restricted epitopes, and
[10]
injected into one site biweekly as a cancer vaccine .
DC/WT1-Ⅰ /Ⅱ vaccinations not only induced WT1+
specific CD4 and CD8 T cells but also maintained
+
[10]
long-term WT1-specific memory CD8 T cells .
The phase 1 study indicated that WT1-specific DTH
reactions induced after treatment with DC/WT1-Ⅰ
/Ⅱ combined with chemotherapy were associated
with long-term disease stability in advanced PDA.
Moreover, the WT1-specific CTL responses continued
throughout long-term vaccination and were associated
[10]
with long-term OS . With chemotherapy alone, SD
is often transient and not considered indicative of true
antitumor activity. Because, cancer vaccines are not as
rapidly effective as cytotoxic agents, SD is considered
[14]
an indicator of a meaningful therapeutic effect .
Long-term SD in patients receiving immunotherapy
may be unique to cancer vaccines and is considered
[10]
evidence of activity . In the present study, we
assessed immunological responses in 7 patients with
stage Ⅳ PDA who received DC/WT1-Ⅰ/Ⅱ combined
with chemotherapy. Three patients displayed strong
WT1-specific DTH reactions in long-term chemoi
mmunotherapy, resulting in long-term OS ≥ 1 year.
Antigenic peptide-specific DTH is an inflammatory
+
reaction that is primarily mediated through CD4
effector-memory T cells primed by the cancer vac
[15]
cines . A significant correlation between favorable
clinical outcomes and the induction of a cancer vac
cine-related antigen-specific DTH reaction has been
[15]
observed . Therefore, the long-term maintenance of
strong WT1-specific DTH reactions in these 3 patients
might be associated with long-term SD, resulting in
prolonged survival. Indeed, one patient had longterm SD and continuously strong WT1-specific DTH,
surviving at least 1000 d with 100% KPS.
The plasma levels of circulating IL-6/-8 were also
analyzed by ELISA, a more quantitative analysis
than the multiplexed measurement system of flow
cytometry, and the cytokines levels were compared
with the clinical outcomes. In the present study, none
of the 7 PDA patients achieved complete or partial
response, and 6 (85.7%) exhibited SD. Three patients
(No. 1, 2, and 6) exhibited long-term SD, resulting
in long-term survival. These 3 patients displayed
significantly decreased levels of plasma IL-6 after 5 to
15 vaccinations. IL-6 is secreted from a variety of cells,
primarily lymphocytes, macrophages, monocytes,
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[16]

fibroblasts, endothelial cells, and keratinocytes .
[16]
Some tumor cells also secrete IL-6 . One histological
hallmark of PDA is the presence of a highly desmo
plastic stroma, including several inflammatory
cell populations, such as fibroblast, stellate, endo
thelial, endocrine, and immune cells, all of which
[17]
produce different inflammatory cytokines . The
multifunctional inflammatory cytokine IL-6 plays a role
in the development and progression of PDA by directly
[18]
affecting tumorigenesis . Moreover, IL-6 regulates
the secretion of vascular endothelial growth factor in
PDA cells, thereby stimulating angiogenesis and tumor
vascularization resulting in lymphatic and distant
[18-20]
metastasis and disease progression
. Therefore,
the maintenance of low plasma IL-6 levels in 3 patients
receiving chemoimmunotherapy using DC/WT-1-I/
Ⅱ at early vaccination periods (5 vaccines) and its
continuation for 15 vaccinations may be responsible
for the prolonged survival of the PDA patients.
Importantly, these patients also maintained longterm strong WT1-specific DTH reactions. By contrast,
extremely high levels of IL-6 and IFN-γ (data not
shown) were detected in a nonsuper-responder (No.
5). The expression of IL-6 is potentiated by IFN-γ via
[21]
prolonged NF-κB activation . Three super-responders
+
exhibited slightly increased IFN-γ production from CD4
+
and CD8 T cells upon stimulation with WT1 peptides
[10]
in vitro . The low levels of plasma IL-6 in the superresponders patients did not interfere with the induction
of WT1-specific antitumor immune responses and
were associated with a prolonged survival period.
After chemoimmunotherapy, significantly decreased
plasma IL-8 levels were also obvious in all 3 superresponders with strong WT1-specific DTH reactions.
Compared with IL-6, significantly decreased levels of
plasma IL-8 were observed in the patients after longer
periods of treatment (from 15 to 25 vaccinations).
Although tumor-associated macrophages and mono
cytes are the most likely source of IL-8, this cytokine
is also overexpressed in most human PDA cells under
[22]
inflammatory conditions . Several cell types within
the tumor microenvironment produce a variety of
cytokines. Differences in cells producing inflammatory
cytokines such as IL-6 and IL-8 may underlie periods
of decreased plasma IL-6 and IL-8 levels. In the
tumor environment, these cytokines interact with
other cell types in a complex network. Importantly,
IL-8 plays a major role in the progression of PDA
by promoting proliferation, migration, angiogenesis
[23]
and metastasis . Elevated levels of circulating IL-8
are associated with poor clinical outcome in patients
with PDA and have been suggested as a prognosis
[24,25]
marker
. Therefore, a significant decrease in
plasma IL-8 levels might also be associated with
good prognosis in PDA patients receiving the chemoi
mmunotherapy using DC/WT1-Ⅰ /Ⅱ . Indeed, all 3
super-responders with strong WT1- DTH reactions
maintained low levels of IL-8 after 25 vaccinations and
exhibited prolonged SD. However, plasma IL-8 and
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IL-6 levels in 2 super-responders (No. 1 and 2) were
increased at the terminal stage of cancer, and these
patients had WT1-negative DTH reactions. However,
one super-responder (No. 6) maintained low levels
of IL-8 and IL-6 and displayed strong WT1-specific
DTH reactions after at least 45 vaccinations. Recently,
we reported that IL-8 secretion from tumor cells
enhances the generation and activation of CD163positive M2 macrophages producing IL-10, leading to
[26]
poor clinical outcomes in patients with cancer . That
finding is consistent with the results of the present
study demonstrating that long-term low levels of
circulating IL-8 in PDA patients receiving DC/WT1Ⅰ /Ⅱ is associated with the maintenance of strong
WT1-specific DTH reactions, resulting in good clinical
outcomes.
In conclusion, both IL-6 and IL-8 were maintained
at low levels in all 3 PDA patients with strong WT1specific DTH reactions who received DC/WT1-Ⅰ /Ⅱ
combined with chemotherapy. All 3 PDA patients
exhibited long-term SD and prolonged survival times
(582 to more than 1000 d). One patient with longterm strong WT1-specific DTH reactions maintained
decreased levels of plasma IL-6 and IL-8 during therapy
and maintained long-term SD, resulting in survival for
more than 1000 d. Therefore, the maintenance of low
plasma IL-6 and IL-8 levels may be associated with
immunogenic changes in the desmoplastic stroma.
Low levels of plasma IL-6 and IL-8 with strong WT1DTH reactions may be a prognostic factor for PDA
patients following chemoimmunotherapy using DC/
WT1-Ⅰ/Ⅱ. These cytokine interactions are associated
with tumor growth and progression, invasion and
metastasis, angiogenesis and immune evasion.
Although targeting IL-6 and IL-8 may improve not only
clinical outcome but also the response to treatment
in PDA patients, it is not clear if IL-6/-8-signaling
[19]
inhibitors will translate into clinical benefits for PDA .
A limitation of the present study is the relatively small
sample size. Further studies are needed to evaluate
the clinical significance of circulating IL-6/-8 levels in
PDA patients treated with DC/WT1-Ⅰ/Ⅱ combined
with chemotherapy.

+

Innovations and breakthroughs

Authors showed that plasma IL-6/-8 levels in PDA patients during long-term
treatments. Prolonged low levels of plasma IL-6/-8 may be a prognostic marker
for the clinical outcomes of chemoimmunotherapy.

Applications

The study’s results suggest that plasma IL-6/-8 in PDA patients during
chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ is a prognostic biological marker
for assessing the induction of WT1-specific immune responses and long-term
overall survival.

Terminology

The WT1 is highly expressed in various types of cancers, including PDA and
has been found to be highly immunogenic. Thus, WT1 is one of the excellent
tumor-associated antigens for the target of cancer immunotherapy.

Peer-review

The authors reported that prolonged low levels of plasma IL-6/-8 in PDA patients
may be a prognostic marker for the clinical outcomes of chemoimmunotherapy.
The data are well represented, organized, and clear.
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Abstract
AIM: To investigate the effects of daily telephonebased re-education (TRE) before taking medicine for
the eradication of Helicobacter pylori (H. pylori ) on
the compliance and the eradication rate in a Chinese
patient population.
METHODS: A prospective, physician-blinded,
randomized, controlled clinical study was conducted.
The patients were randomly assigned to receive TRE
every day before taking medicine (TRE group) or no
TRE (control group). The patients in the TRE group
received regular instructions before taking medicine
for the eradication of H. pylori during the entire course
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of treatment through telephone calls. The patients
in the control group received detailed instructions
at the time of seeing a doctor for the guidance. The
primary outcome was the H. pylori eradication rate
after treatment. The secondary outcomes included the
clinical remissions after treatment, adverse events,
compliance, and patients’ satisfaction.
RESULTS: A total of 140 patients were randomized, 70
to the TRE group and 70 to the control group. As the
primary outcome, the H. pylori eradication rates in the
TRE and control groups were 62.7% and 71.2% in per
protocol analysis (p = 0.230), and 52.9% and 52.9%
in intention-to-treat analysis (p = 0.567), respectively.
As the secondary outcomes, there were no significant
differences in the patients’ satisfaction between the
two groups (good, 79.7% vs 76.9%; fair, 13.6% vs
19.2%; poor, 6.7% vs 3.9%, for the TRE group and
control group, respectively; p > 0.05 for all); the rates
of adverse effects were 15.2% and 63.5% in the TRE
and control groups, respectively (p < 0.001); the
compliance rates in the TRE and control groups were
85.7% and 74.3%, respectively (p = 0.069).
CONCLUSION: Daily TRE before taking medicine
had no significant impact on the patients’ compliance,
satisfaction, or H. pylori eradication, but reduced the
rate of adverse events.
Key words: Helicobacter pylori ; Eradication; Telephone
re-education; Compliance; Adverse events
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Compliance is an important factor affecting

Helicobacter pylori (H. pylori ) eradication. The present
study is the first attempt to evaluate the telephone reeducation (TRE) in H. pylori treatment in China. The
daily TRE neither improved the eradication rate nor
the patients’ compliance or satisfaction, but decreased
adverse effects. Meanwhile, adverse effects may not
be the main reason for poor compliance. Our results
suggest that compliance is not the important reason for
a decreased H. pylori eradication rate in China.

Wang CH, Liao ST, Yang J, Li CX, Yang YY, Han R, Chen DF,
Lan CH. Effects of daily telephone-based re-education before
taking medicine on Helicobacter pylori eradication: A prospective
single-center study from China. World J Gastroenterol 2015;
21(39): 11179-11184 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i39/11179.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i39.11179

INTRODUCTION
Helicobacter pylori (H. pylori) is a pathogen that infects
more than 50% of the human population, resulting
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[1]

in high healthcare costs worldwide . Although some
of the H. pylori-positive individuals may remain
asymptomatic through their life span, the infection
can cause chronic gastritis in almost 100% of infected
individuals, even resulting in severe diseases, such
as atrophic gastritis, peptic ulcer disease, and gastric
[2]
cancer . Recently it has been revealed that poor
compliance is often seen in patients undergoing
[3]
treatment for the eradication of H. pylori . Poor com
pliance and bacterial resistance are two major factors
that cause the eradication rates of H. pylori to decrease
[4,5]
to an unacceptable level (≤ 80%) .
Compliance in H. pylori treatment has a great
influence on treatment failures in antibiotic-sensitive
patients and on the development of antibiotic
[6]
resistance . Multiple factors such as complexity and
duration of the treatment can affect the patients’
compliance. Several methods had previously been
tried to enhance patients’ compliance with instructions
for H. pylori treatment, but the results are inconsistent.
Adjuvant treatment (especially with probiotics) can
[7]
improve the compliance .
Taking phone interview on the last day of therapy
and returned pill counting can improve patients’
compliance, but attempts to increase compliance may
[8]
have no impact on the treatment outcomes . The
doctor-patient relationships, including the relations with
pharmacists and nurses, can also play an important
role in improving compliance and eradication of H.
[9]
pylori . In addition, structured aftercare and follow-up
often help improve the compliance and subsequent H.
[10,11]
pylori eradication rate
.
China is among the countries with a high prevalence
of H. pylori infection with a rate of 50%-80%.
Several factors may affect the compliance of H. pylori
treatment in Chinese patients such as lack of detailed
guidance on drug administration, lack of detailed
instruction or consultation from gastrointestinal
doctors due to busy schedule, misunderstanding of or
concerns over the side effects of Western medicine,
and preference of use of traditional Chinese medicine
[12]
due to the belief of having fewer adverse effects .
Therefore, there is an urgent need for improving the
compliance of H. pylori treatment in China.
Telephone re-education (TRE) is often used
[6]
to improve treatment compliance , but has not
been well studied in China. We hypothesized that
compliance of H. pylori infected patients and H. pylori
eradication rate could be improved by TRE every day
before taking medicine, reminding the patients of the
detailed information related to the time and dose of
medicines, answering the patients’ questions, and
comforting and encouraging them to continue the
treatment. The purpose of the present study was to
evaluate the effects of the intervention with TRE on
the rate of H. pylori eradication and on other clinically
relevant outcomes, such as the clinical symptoms after
treatment and treatment-related adverse effects.
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MATERIALS AND METHODS
Patients

The present study employed a prospective, physicianblinded, randomized, controlled single-center study
design, and was conducted in consecutive outpatients
at the Department of Gastroenterology of Daping
Hospital, Chongqing, China, from September 2014
to November 2014. The study protocol and informed
consent form were reviewed and approved by the
Ethics Review Committee of Daping Hospital, Third
Military Medical University, Chongqing, China [Approval
No. (2014) 06], and the study was registered with the
Chinese Clinical Trial Register (ChiCTR-TRC-14005193).
Each of the patients provided written informed consent
before enrolment to the trial.
Patients were randomized to either a TRE group
or a control group at the time of first clinical visit, by
using a computer generated random number kept
in a sealed opaque envelope. At least two telephone
numbers for each of the patients or their relatives living
together were recorded for the TRE. All patients were
instructed not to tell physicians and/or investigators
about their preparation method and when they received
instructions in any time of the study (before, during and
after the procedure)
The inclusion criteria were as follows: (1) out
patients aged 18-60 years with chronic gastritis or
gastroduodenal ulcer; (2) confirmed diagnosis of
H. pylori infection by at least one of the following
13
methods: C-urea breath test, histology, rapid urease
test or bacterial culture; (3) an indication of H. pylori
eradication treatment; and (4) ability and willingness
to participate in the study.
The exclusion criteria were as follows: (1) advanced
chronic disease that would not allow the patient to
complete follow-up or attend visits; (2) allergy to
any of the drugs used in this study; (3) previous
gastric surgery; (4) pregnancy or breastfeeding
(female participants with childbearing potential were
required to use medically accepted contraception for
the duration of the study); (5) alcohol or drug abuse;
(6) previous H. pylori eradication treatment; and (7)
taking antibiotics or bismuth salts within two weeks
before the study.

Intervention

The patients in the TRE group received detailed
instructions at the time of seeing a doctor for the
guidance of clinical medication and reexamination
at four weeks after the treatment. The detailed
instructions of rational drug use and periodic review
were given by another doctor through telephone call
every day before taking medicine. The 10-d treatment
was the triple therapy, including esomeprazole
(AstraZeneca Pharmaceutical Co, London, United
Kingdom; Lot H20046379; 20 mg/12 h), amoxicillin
(Zhuhai Union Pharmaceutical Co. ltd., Zhongshan,
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China, H44021351; 1 g/12 h), and clarithromycin
(Shanghai Abbott Laboratories Co. Ltd., Shanghai,
China, J20050067; 500 mg/12 h). Symptom relieving
drugs including gastric mucosal protective drugs,
cardiovascular drugs, and other medications were
allowed to be used in both groups when needed. At
four weeks after treatment, the patients received
telephone calls to schedule reexamination through
13
C-urea breath test to confirm eradication.
The patients in the control group received detailed
instructions at the time of seeing a doctor for the
guidance of clinical medication and reexamination at
four weeks after treatment. The treatment plan was
identical as that in the TRE group.

Trial outcomes

The primary outcome was the eradication of H. pylori
at four weeks after treatment. The eradication of H.
13
pylori was confirmed by the C-urea breath test.
The secondary outcomes included the compliance,
clinical symptom remission after treatment, adverse
events, and patients’ satisfaction. The satisfaction of
the patients were evaluated and recorded using a tenpoint scale (poor, 1-4; fair, 5-7; good, 8-10) based on
questionnaire in a physician-blinded fashion.

Calculation of sample size

The sample size calculation was performed by
assuming a 25% difference in the rate of H. pylori
eradication after treatment. The rate of standard triple
therapy in China was about 75%. We calculated that at
least 116 patients were needed for the study by using a
significance level (α) of 0.05 and a power of 80% with a
two-tailed test. However, from our previous experience,
approximately 20% of patients may withdraw from the
trial or be lost to follow-up. We estimated that a total of
140 patients would be sufficient to detect a significant
difference in the primary outcome.

Statistical analysis

The intention-to-treat (ITT) and per-protocol (PP)
analyses were used to assess the primary outcome.
2
Categorical variables were analyzed using χ tests or
Fisher’s exact test, as appropriate. Continuous variables
were expressed as mean ± SD and analyzed using
Student’s t-test. Analyses were performed with SPSS
software V.19.0 for Windows. A P value < 0.05 was
considered statistically significant.

RESULTS
Patients’ characteristics

We screened 286 outpatients with H. pylori infection;
146 of them were excluded (82 met exclusion criteria
and 64 were unwilling to participate in the study);
140 were randomized to the TRE group (n = 70) or
the control group (n = 70). Eleven subjects in the TRE
group and 18 in the control group withdrew from the
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Table 1 Baseline characteristics of the patients included in
this study n (%)
Characteristic
Sex (M/F)
Age (yr)
BMI (kg/m2)
Grade of education
Elementary school or no
education
Higher than elementary
school
Residence
Country
City
Digestive tract hemorrhage
Family gastric cancer history
Endoscopy results
Chronic gastritis
Peptic ulcer
Helicobacter pylori infection

TRE group
(n = 70)

Table 3 Effects of telephone re-education on the adverse
events after Helicobacter pylori treatment n (%)

Control group P value
(n = 70)

25/45
42.9 ± 10.7
23.1 ± 4.0

28/42
45.9 ± 9.2
23.7 ± 3.7

5 (7.1)

9 (12.9)

65 (92.9)

61 (87.1)

1.000
0.098
0.677
0.199

8 (11.4)
62 (88.6)
3 (4.3)
2 (2.9)

55 (71.2)
14 (20.0)
70 (100.0)

59 (84.3)
10 (14.3)
70 (100.0)

0.257
0.251

Pain
Burning sensation
Acid reflux
Nausea and vomiting
Belching
Abdominal distension
Poor appetite

Control group
(n = 52)

P value

14 (23.7)
3 (5.1)
4 (6.8)
3 (5.1)
2 (3.4)
8 (13.6)
1 (1.7)

10 (19.2)
5 (9.6)
3 (5.8)
1 (1.9)
3 (5.8)
2 (3.8)
1 (1.9)

0.367
0.290
0.571
0.358
0.440
0.071
0.720

2 (3.4)
1 (1.7)
0 (0.0)
4 (6.8)
2 (3.4)
9 (15.2)

0 (0.0)
0 (0.0)
2 (3.8)
28 (53.8)
3 (5.8)
33 (63.5)

NS
NS
NS
< 0.001
0.44
< 0.001

TRE group

Control group

P value

47 (79.7)
8 (13.6)
4 (6.7)

40 (76.9)
10 (19.2)
2 (3.9)

0.452
0.290
0.401

TRE: Telephone-based re-education.

DISCUSSION

study or were lost to follow-up for various reasons
including a busy schedule, remission of symptoms and
stopping medication in treatment process, unsatisfying
efficacy, giving up treatment, adverse events, and
others. There was no significant difference in the
number of patients lost in the follow-up between the
two groups (11 vs 18, p = 0.069). Finally, 59 in the
TRE group and 52 in the control group completed the
treatment for the eradication of H. pylori.
The baseline characteristics of the patients in
both groups were well balanced (Table 1), with no
significant differences between the two groups.

In the PP analysis of the primary outcome, the H.
pylori eradication rates of the TRE and control groups
were 62.7% (37/59) and 71.2% (37/52) (p = 0.230),
while in the ITT analysis, the rates were 52.9% (37/70)
and 52.9% (37/70) (p = 0.567), respectively.
There were no significant differences in the sym
ptoms after treatment between the two groups (p >
0.05 for all; Table 2). The rate of adverse effects in
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Skin rash
Headache
Sore throat
Taste disorder
Diarrhea
Total

the TRE group was significantly lower than that of the
control group (p < 0.001; Table 3). The taste disorder
was significantly lower in the TRE vs the control group
(6.8% vs 53.8%, p < 0.001)
The compliance rate in the TRE group (84.3%)
was slightly higher; however non-significant than that
of the control group (74.3%, p = 0.069). The results
of patients’ satisfaction are shown in Table 4. There
was no significant difference in patients’ satisfaction
between the two groups (p > 0.05).

TRE: Telephone-based re-education.

Outcomes of treatment

P value

Satisfaction
Good
Fair
Poor

Table 2 Effects of telephone re-education on the symptoms
after treatment of Helicobacter pylori eradication n (%)
TRE group
(n = 59)

Control group
(n = 52)

Table 4 Satisfaction of patients included in this study n (%)

0.529
0.340

Values are expressed as mean ± SD, % or n (%). BMI: Body mass index;
TRE: Telephone re-education; M: Male; F: Female.

Symptom

TRE group
(n = 59)

NS: Not significant; TRE: Telephone-based re-education.

0.604
8 (11.4)
62 (88.6)
5 (7.1)
4 (5.7)

Adverse event

The triple therapy as a traditional standard care
is widely used in China, but the eradication rate is
decreasing due to various reasons such as drug
resistance, poor compliance, high bacterial loads, and
genic polymorphisms of cytochrome P450 proteins
[2,13-15]
2C19 (CYP2C19)
. Therefore, the standard triple
therapy does not reach the acceptable threshold
[5,16]
of 80% eradication rate in most contexts
. Most
studies have focused on the antibiotic resistance. In
fact, improving compliance is relatively simple and less
costly compared with other measures to improve the
therapeutic outcome. The improvement in compliance
can be accomplished through education. In the present
study, the H. pylori eradication rates in the TRE and
control groups were 62.7% and 71.2% (PP), and
52.9% and 52.9% (ITT), respectively.
Failure to comply with the anti-H. pylori therapy
(AHT) requirements by the patient often results in
[6,17]
treatment failure
. In a previous study, patients
with good compliance had a higher AHT effectiveness
[17]
rate (96%) than those with low compliance (69%) .
The major reason for poor compliance was the
development of an adverse event during the course
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[18]

of AHT , and the adverse events were found to be
[19]
different with different AHT regimens . In our study,
the rates of adverse effects were 15.2% and 63.5% in
the TRE and control groups, respectively. The reasons
for the difference may be a result of telephone followup every day, including timely resolve, comfort and
relief of the symptoms among the TRE patients. The
studies with a seven-day AHT regimen have shown
a 41% frequency of adverse effects, which provoked
[20]
cessation of therapy in 3%-10% of the patients .
If the treatment time is prolonged to 10-14 d, the
development of adverse effects can be seen in more
[21]
than half of the patients .
In order to improve the compliance of H. pylori
eradication, detailed instructions of rational drug
use and periodic review were provided by telephone
call every day before taking medicine. A follow-up
telephone call after initiation of therapy in a previous
study suggested that although adverse effects were
common between enhanced compliance program and
control groups, most patients were able to complete
[20]
60% or more of the two-week regimen . There was
no statistically significant difference between the two
test groups in the number of patients taking more
than 60% of the medications, and the number of
patients taking more than 90% of the medications; an
enhanced compliance program further improved the
[22]
percentage of medications taken .
However, similar studies found that the enhanced
compliance had no impact on the treatment outcome
[8]
and adverse effects were very common .
In the present study, TRE every day before
taking medicine could not significantly improve the
compliance or the H. pylori eradication rate. No
statistically significant differences were found between
TRE and control groups regarding the symptoms
after treatment; however, the adverse effects in the
TRE were significantly fewer than those in the control
group. The results indicated that adverse effects might
not be the major reason for poor compliance and less
effectiveness in the eradication of H. pylori.
Although adverse effects are common in standard
therapies, they are rarely severe. In our study, the
adverse effects included taste disorder, diarrhea, skin
rash, headache and sore throat. The most common
adverse events reported in most studies are diarrhea,
nausea, and vomiting. Using the standard first-line
triple therapy, a multi-center study has found that
[23]
the overall rate of adverse events was 53.3% . The
evidence supporting concurrent administration of
probiotics to lessen the side-effects of triple therapy is
[24]
still equivocal. While Kim et al
found that probiotics
had no effect on the side-effect profile, but increased
the rates of eradication, another study revealed that
probiotics reduced side-effects and did not affect the
[25]
eradication rate . In our study, the adverse effects
in the TRE group were significantly less than that of
the control group, but the H. pylori eradication rates
were similar between the two groups. Although the
compliance increased in the TRE group, it was non-
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significant compared to the control group. Moreover,
there were no differences in the satisfaction of patients
between the two groups. It seems that the patients
neither recognized the difference nor acknowledged
the effects of the TRE. It is possible that daily
telephone calling was exaggerated and perhaps made
the patients feel uncomfortable. The effectiveness and
acceptance of TRE may be dependent on the type of
disease and the intervention. For instance, in a study
conducted in China, it has been reported that TRE one
day prior to colonoscopy improved the compliance,
quality of bowel preparation, and the polyp detection
[26]
rate . Our results suggested that TRE may not be the
best way to improve compliance in H. pylori treatment
and that modifications of the TRE intervention may be
required or other better approaches are needed.
In conclusion, the present study represented the
first attempt to evaluate the TRE in H. pylori treatment
in China. Although the daily TRE did not improve the
H. pylori eradication rate, compliance, or patients’
satisfaction, it decreased adverse effects. Meanwhile,
adverse effects may not be the main reason for poor
compliance. Our results may help develop an effective
plan for improving compliance and therapeutic
outcome of H. pylori therapy.
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In the present study, an innovative TRE program was developed and evaluated
in patients undergoing H. pylori treatment in China. The most important findings
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pylori eradication rate.

Applications

The results from the present study suggest that compliance is not the main
reason for a decreased H. pylori eradication rate in China. Additionally, adverse
effects may not be the main reason for poor compliance. These results would
help develop a more effective plan for improving compliance and therapeutic
outcome of H. pylori therapy in China.
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were given to the patient by physicians through telephone call every day before
taking medicine.
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in patients with the treatment for eradication of H. pylori. It is believed that
this is the first study of this kind in China. The authors provided sufficient
data to support their conclusion that daily TRE before taking medicine had
no significant impact on the patients’ compliance, satisfaction, or H. pylori
eradication, but reduced the rate of adverse events. The research is interesting
and the study design and the results are clearly presented. Future largescale studies should be conducted to develop an effective way to improve the
outcome of H. pylori eradication therapy in China and other countries as well.
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Abstract
AIM: To investigate the efficacy (survival) and safety
of treatments for recurrent hepatocellular carcinoma
(HCC) in liver transplantation (LT) patients.
METHODS: Literature search was performed on
available online databases without a time limit until
January 2015. Clinical studies describing survival after
HCC recurrence in LT patients were retrieved for a fulltext evaluation. A total of 61 studies were selected:
13 case reports, 41 retrospective case series, and 7
retrospective comparative studies.
RESULTS: Based on all included studies, the mean
HCC recurrence rate was 16% of all LTs for HCC. A
total of 1021 LT patients experienced HCC recurrence.
The median time from LT to HCC recurrence was
13 mo (range 2-132 mo). The majority of patients
(67%) presented with HCC extra-hepatic recurrences,
involving lung, bone, adrenal gland, peritoneal lymph
nodes, and rarely the brain. Overall survival after
HCC recurrence was 12.97 mo. Surgical resection of
localized HCC recurrence and Sorafenib for controlling
systemic spread of HCC recurrence were associated
with the higher survival rates (42 and 18 mo, res
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pectively). However, Sorafenib, especially when com
bined with mTOR, was frequently associated with
severe side effects that required dose reduction or
discontinuation
CONCLUSION: Management of recurrent HCC in
LT patients is challenging and associated with poor
prognosis independently of the type of treatment.
Key words: Recurrent hepatocellular carcinoma; Liver
transplantation; Tumor recurrence; Surgical resection;
Trans-arterial chemoembolization; Sorafenib; Syste
matic review
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present systematic review analyzes the
current trends in the management of hepatocellular
carcinoma recurrence after liver transplantation (LT).
A great variety of treatment options, ranging from
surgical resection to systemic therapies (e.g. , Sorafenib),
are tailored to the different clinical scenarios and aimed
to increase patient survival. However, tumor recurrence
after LT is still associated with poor prognosis. By
summarizing the available literature, the present
article provides to clinicians and surgeons the body of
knowledge for a better decision-making process and
supports researchers in future clinical trials.
de’Angelis N, Landi F, Carra MC, Azoulay D. Managements of
recurrent hepatocellular carcinoma after liver transplantation:
A systematic review. World J Gastroenterol 2015; 21(39):
11185-11198 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i39/11185.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i39.11185

MATERIALS AND METHODS
The methodological approach included the development
of selection criteria, definition of search strategies,
assessment of study quality, and abstraction of
relevant data. The PRISMA statements checklist for
[19]
reporting a systematic review was followed .

Study inclusion criteria

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and third leading cause of cancer[1]
related deaths worldwide . In Europe, the ageadjusted incidence rate of HCC is currently 6.2 per
[2]
100000 people ; however, owing to widespread viral
hepatitis infections and nonalcoholic fatty liver disease,
HCC incidence and related mortality are expected
to increase in western countries over the next 10
[2-5]
years .
Liver transplantation (LT) is the best treatment
[6]
option in selected patients for early HCC . When the
[7]
Milan criteria are fulfilled, the long-term survival
following LT for HCC is similar to that following
[7-9]
transplantation in patients without HCC . However,
despite a restrictive patient selection policy, the posttransplant HCC recurrence is reported in up to 25% of
[10-13]
cases and drastically affects patient survival
.
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Predictors of post-transplant HCC recurrence and
prognostic factors have been extensively studied.
They have been applied in the selection of candidates
for LT and for the construction of models integrating
the classic volume-related features (tumor number
and maximal size) with histological differentiation,
vascular invasion, and, more recently, markers of
tumor biological behavior, such as alpha-fetoprotein
[14-17]
(AFP) serum level
. On the contrary, a few wellconducted studies have addressed the management
of HCC recurrence in LT patients by describing and
comparing clinical outcomes and survival. Currently,
the evidence level of recommendations is weak, and
there is still a considerable debate about how to treat
[6]
HCC recurrence in LT patients . Current treatment
options include a wide range of therapies, such as
surgical resection, transarterial chemoembolization,
immunosuppression, and multi-target tyrosine kinases
[18]
inhibitor (Sorafenib) .
The objective of the present systematic review is to
summarize and analyze the current available literature
in order to evaluate the efficacy and safety of various
treatments for HCC recurrence in LT patients. Owing
to the lack of international consensus, a systematic
approach was chosen to provide an exhaustive report
of the clinical experience and current strategies to
treat recurrent HCC in LT patients and to support the
development of guidelines that will help clinicians in
the challenging decision making process.

The study selection criteria were defined before
initiating data collection for proper identification of
studies eligible for the analysis. All studies in which the
primary objective was to evaluate the efficacy, safety,
and/or survival of treatments for HCC recurrence in LT
patients were retrieved and analyzed if they met the
following selection criteria.
Types of study: All types of prospective and
retrospective clinical studies, including case reports,
were eligible for inclusion without trial duration
limitation. Review articles, commentaries, and
conference abstracts were not considered.
Types of participants: Adult LT patients with HCC
recurrence were eligible. LT from either deceased
or living donor were eligible. Patients with hepatocholangiocarcinoma and fibrolamellar hepatocellular

11186

October 21, 2015|Volume 21|Issue 39|

de'Angelis N et al . Recurrent HCC management in LT patients
carcinoma were excluded.
Types of interventions: All types of surgical and
non-surgical therapies reported in the literature to
treat HCC recurrence in LT patients were eligible.
Types of outcome measures: The primary outcome
was survival after treatment of recurrence. The
secondary outcomes included safety, tolerability,
efficacy, and all other possible clinical parameters
evaluated in each study.

Literature search strategy

A literature search was performed on the following
online databases: MEDLINE (through PubMed),
EMBASE, Scopus, Cochrane Oral Health Group Spe
cialized Register, and ProQuest Dissertations and
Thesis Database. To increase the probability of
identifying all relevant articles, a specific research
equation was formulated for each database, using the
following keywords and/or MeSH terms: hepatocellular
carcinoma, recurrence, recurrent hepatocellular
carcinoma, liver transplantation, liver transplant,
treatment, therapy, management, and Sorafenib (i.e.,
®
Nexavar ). In addition, reference lists from eligible
studies and relevant review articles (not included in
the systematic review) were crosschecked to identify
additional studies. A grey literature search was also
performed by using the OpenGrey database. No time
limitation was applied. Studies written in English,
French, Spanish or Italian and meeting the selection
criteria were reviewed.

Study selection and quality assessment

The titles and abstracts of the retrieved studies were
independently and blindly screened for relevance by
two reviewers (NdeA and MCC). To enhance sensitivity,
records were removed only if both reviewers ex
cluded the record at the title screening level. All
disagreements were resolved by discussion with a third
reviewer (FL). Subsequently, both reviewers performed
a full-text analysis of the selected articles. The two
reviewers independently assessed the risk of bias
using appropriate tools according to the study design.
Briefly, the Cochrane criteria described in the Cochrane
[20]
Handbook for Systematic Reviews of Interventions
were applied for RCT, and the Newcastle-Ottawa
[21]
Scale (NOS)
was used for the non-randomized
studies. Additionally, the Grading of Recommendations
Assessment Development and Evaluation (GRADE)
system was used to grade the “body of evidence”
[22]
merging from this review .

Data extraction

Data from the studies included in the systematic
review were processed for qualitative and possibly
quantitative analyses. Outcome measures (mean
values, standard deviation, and ranges) were extracted
for each treatment approach. Average survival was

WJG|www.wjgnet.com

calculated as the weighted mean (and standard
deviation) of median survivals reported in the included
studies. Data from case reports were not pooled into
the measurement of the outcomes of interest due to
the low level of evidence of this study design.

RESULTS
Literature search and selection

All database searches were performed without time
limit until January 2015. Overall, the combined
search identified 124 articles (after removing dup
licates); of these, 61 were rejected based upon title
and abstract evaluation. Out of the remaining 63
articles (which underwent a full-text evaluation),
24 were excluded because they were not pertinent
to the review questions, had non-relevant study
design, or had language limitations. By reference
crosscheck analysis and manual search, we identified
22 additional publications that were included in the
total count. Finally, 61 articles were found eligible for
the systematic review and were evaluated for both
qualitative and quantitative analyses. The flow chart of
the study identification and inclusion/exclusion process
is shown in Figure 1.

Study characteristics

[23-35]

The selected studies included 13 case reports
,
[36-76]
41 retrospective case series
, and 7 retrospective
[77-83]
case-control/comparative studies
. Studies were
conducted in 12 different countries including those in
Europe (n = 28), North America (n = 13), Asia, and
the Pacific (n = 20). Six (9.8%) studies out of 61 were
multicentric. The study time frame ranged from 1987
to 2013. Since the first report published in 1995, a
progressive increase in the number of publications was
noted (Figure 2).
Based on the included studies, the mean rate of
HCC recurrence was an average 16% of all patients
receiving LT for HCC. The median time from LT to HCC
recurrence was 13 mo (range 2-132 mo). The mean
age at HCC recurrence diagnosis was 53.8 years, and
84.3% of affected patients being males. Nearly 51%
of LT recipients were classified as beyond the Milan
Criteria (upon examination of the explanted liver),
and 44.5% of LTs were performed from living donors
(LDLT).
Overall, 1021 LT patients presenting with HCC
recurrence were treated by different modalities. The
majority (67%) were extra-hepatic HCC recurrences
involving lung, bone, adrenal gland, peritoneal lymph
nodes, and, more rarely, the brain. Only 33% of the
described cases were limited to hepatic HCC recurrence
at diagnosis. All included studies are summarized in
Supplementary file.

Treatment modalities

HCC recurrence was managed with surgical resections,
radiofrequency ablation (RFA), microwave ablation,
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Records identified
through MEDLINE
database searching
(n = 114)

Records identified
through COCHRANE
database searching
(n = 0)

Records identified
through SCOPUS
database searching
(n = 80)

Records identified
through EMBASE
database searching
(n = 124)

Additional records
identified through
other sources
(n = 0)

61 records excluded
because non pertinent to
the review questions or
conference abstracts

Records retained after screening on title
and abstract and duplicates removal
(n = 63)

24 articles excluded:
Non pertinent to the review questions (n = 12)
Review articles, letters to the editor (n = 8)
Languages other than English, French, Italian, Spanish (n = 4)

Articles retained after full-text
evaluation
(n = 39)
Pertinent articles retrieved
by hand-search and
cross-check references
analysis (n = 22)
Studies included in qualitative
synthesis
(n = 61)

Number of publications

Figure 1 Flow chart of the electronic literature search strategy using MEDLINE, Scopus, EMBASE and other sources. Examples of PubMed Equations: recurrent
hepatocellular carcinoma[Title/Abstract] OR recurrent hepatocellular carcinoma[MeSH Terms] OR hepatocellular carcinoma recurrence[Title/Abstract] AND liver
transplantation[MeSH Terms] OR liver transplantation[Title/Abstract] OR liver transplant[Title/Abstract] OR liver transplant[MeSH Terms] AND treatment[Title/Abstract]
OR therapy[Title/Abstract] OR management[Title/Abstract] OR recurrent hepatocellular carcinoma[Title/Abstract] OR recurrent hepatocellular carcinoma[MeSH
Terms] OR hepatocellular carcinoma recurrence[Title/Abstract] AND liver transplantation[MeSH Terms] OR liver transplantation[Title/Abstract] OR liver transplant[Title/
Abstract] OR liver transplant[MeSH Terms] AND sorafenib[Title/Abstract] OR sorafenib[MeSH Terms] OR Nexavar[Title/Abstract]) OR Nexavar[MeSH Terms]).
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Figure 2 Increasing number of publication on the management of
recurrent hepatocellular carcinoma in liver transplantation patients.

percutaneous ethanol injection (PEI), selective
internal radiotherapy treatment (SIRT), stereotactic
body radiation therapy, brachytherapy, transarterial
chemoembolization (TACE), re-transplantation,
immunosuppression (e.g., mTOR), systemic che
motherapy, administration of a multi-kinase inhibitor
agent (Sorafenib), and best supportive care (BSC).
Most of the studies applied multimodality therapies,
which usually involved surgery and systemic treat
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The overall median survival after HCC recurrence
was 12.97 mo (mean range: 0.1-112.5 mo) (Supple
mentary file). In order to estimate the survival
per treatment, the included studies were grouped
based on the type of management applied and were
considered into the estimation only if they reported
the median survival for the specific treatment mo
[34,38,39,45,47,50,54,58,63-65,73,74,76-80,84]
dality
(Table 1). Among
the loco-regional treatments, surgical resection of HCC
recurrence was associated with the highest survival (42
mo), whereas in the case of systemic spread of HCC
recurrence, a longer survival was related to the use of
Sorafenib combined with immunosuppression (mTOR)
(18.3 mo). In all related studies, BSC was associated
with the lowest survival (3.3 mo) (Table 1).

Efficacy and safety of surgical resection

Surgical resection was performed for either localized
intra-hepatic or extra-hepatic HCC recurrence. Re
section of isolated HCC recurrence appeared to be
safe and effective, with no reported post-operative
mortality. The post-operative period was also reported
[24,40,71,75,83]
as uneventful in the majority of the study
;
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Table 1 Mean survival time after specific treatment modalities for local and systemic hepatocellular carcinoma recurrence in liver
transplantation patients
Type of treatment for HCC recurrence in LT patients

No. of patients

Loco-regional treatments for resectable local recurrence of HCC
Surgery

27

TACE

1

Median survival (mo)
(weighted mean ± SD)
42 ± 24.45

40

11.2 ± 8.81

76

12.1 ± 9.95

Sorafenib + mTOR

68

18.2 ± 6.53

Systemic chemotherapy

35

5.79 ± 2.7

Best supportive care

54

Systemic treatments for unresectable, advanced, multifocal recurrence of HCC
Sorafenib

3.3 ± 2.12

Ref.

Bates et al[38]
Kornberg et al[50]
Pfiffer et al[54]
Kim et al[47]
Chen et al[77]
Sommacale et al[74]
Tan et al[80]
Kim et al[47]
Pfiffer et al[54]
Carr[39]
Chen et al[77]
Yamagami et al[64]
Tan et al[80]
Yoon et al[65]
Pfiffer et al[54]
Staufer et al[76]
Sposito et al[79]
Pfeiffenberger et al[78]
Alsina et al[73]
Waidmann et al[34]
Gomez-Martin et al[45]
Weimann et al[63]
Staufer et al[76]
Sotiropoulos et al[58]
Lee et al[84]
Kim et al[47]
Kim et al[47]
Pfiffer et al[54]
Yoon et al[82]
Sposito et al[79]

1

Weighted mean survival (standard deviation) is calculated from the studies that reported the median survival in months from HCC recurrence diagnosis.
TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma; LT: Liver transplantation; mTOR: Mammalian target of rapamycin.

one study, however, reported a very high morbidity
[74]
rate after liver resection for post-LT HCC recurrence
(Table 2).

Efficacy and safety of loco-regional therapies

Among the loco-regional therapies for HCC recurrence,
TACE was the most frequently reported. Overall, TACE
was well tolerated and not associated with major
adverse events. Anecdotal reports described SIRT,
RFA, and CT guided brachytherapy as effective, welltolerated and safe loco-regional treatment approaches
(Table 3).
Efficacy and safety of Sorafenib: Since 2009,
several studies investigated the safety and effec
tiveness of Sorafenib alone or in combination with
modified immunosuppressors, namely Everolimus or
Sirolimus (mTOR). As summarized in Table 4, the most
common dose of Sorafenib was 400 mg/bid. However,
this dosage was rarely tolerated, and dose reduction
or discontinuation was reported in the majority of
the studies. Overall, 197 patients were treated with
Sorafenib: 42.1% of these required dose reduction,
whereas 9.6% discontinued the therapy due to
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intolerable side effects. The most common side effects
observed in almost all studies included gastrointestinal
symptoms, hand foot skin reactions, hypertension,
[26,34,45,53,66,76]
and fatigue. Six out of 23 studies
reported
severe adverse events following the administration of
Sorafenib combined with mTOR; among these, 4 cases
reported death (Table 4).
Based on the RECIST classification (Response
Evaluation Criteria in Solid Tumors) or its modified
[85]
version (mRECIST)
used in some studies, Sorafenib
appeared to have only a partial effect; indeed, stable
disease was observed in the majority of the cases
(46.5%), whereas a considerable amount of patients
(37%) showed progression of the disease. Only in
a minority of cases (5.5%), a complete response to
Sorafenib was found.
Study quality assessment: Two reviewers (NdeA
and MCC) scored the methodological qualities of the
included studies according to the criteria described
above. The majority of the studies were case reports or
case series without any comparison between different
treatments. No RCT was found, therefore the Cochrane
criteria were not applied. Only 12 retrospective studies
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Table 2 Morbidity and mortality from surgical treatments for recurrent hepatocellular carcinoma in liver transplantation patients
Ref.

No. of
patients

Regalia et al[75]
Castroagudìn et al[24]
Catalano et al[40]
Roayaie et al[55]
Bates et al[38]

7
1
2
15
5

Kwon et al[71]
Marangoni et al[52]
Han et al[69]
Kornberg et al[50]

7
4
12
7

Valdivieso et al[61]

8

Kitano et al[70]
Pfiffer et al[54]
Kim et al[47]
Chen et al[77]
Hwang et al[83]
Sommacale et al[74]

3
7
3
2
23
3

Surgical treatments

Post-operative morbidity

(No. of patients)
Liver resection (2), pulmonary lobectomy (2), omentectomy (1),
Uneventful
bone resection (1), skin resection (1)
Bilateral adrenalectomies in a successive manner
Uneventful
Liver resection (2)
Uneventful
Liver resection (5), pulmonary resection (7), adrenalectomy (2),
NR
chest wall resection (1)
Pulmonary lobectomy (4), pulmonary lobectomy + rib
NR
resection after pre-transplant tumor biopsy (1)
Pulmonary resection (7)
Uneventful
Liver resection (4)
NS
Pulmonary resection (12)
NS
Liver resection (2), pulmonary resection (2), cerebral tumor
NR
extirpation (1), adrenalectomy (1), chest wall resection after
pre-transplant tumor biopsy (1)
Liver resection (2), adrenalectomy (2), abdominal lymph node
NR
resection (2), pulmonary resection (2)
Pulmonary resection (3)
Liver resection (1), extra-hepatic resection (6)
NR
Left adrenalectomy (1), splenectomy (1), lymph node resection
NR
Pulmonary resection (1), adrenalectomy (1)
NR
Pulmonary resection (23)
Uneventful
Liver resection (3)
100% (renal failure, respiratory
sepsis, sub phrenic abscess)

Post-operative
mortality
0
0
0
0
0
0
0
0
0

0
0
NR
0
0
0
0

NR: Not reported; HCC: Hepatocellular carcinoma; LT: Liver transplantation.

(19.6%) performed statistical comparisons between
groups of treatments for HCC recurrence in LT
patients. The quality and risk of bias in these studies
were assessed according to the Newcastle-Ottawa
Criteria and are summarized in Supplementary file.
Overall, 3 studies were classified at a low risk of bias,
and 9 studies were at high risk of bias.
In addition, the GRADE system was used to
enable consistent judgment of the quality of the
available evidence included in this systematic review.
The quality of the evidence was rated according to
the following aspects: study design, study quality,
consistency, and directness of results. Fourteen
[42,47,49,55-57,59,68,72,75,79-81,83]
studies
(22.9%) were
judged as being of low quality, and the remaining 47
[23-41,43-46,50,52-54,58,60-67,69-71,73,74,76-78,82,84,86]
studies
had a very
low quality of evidence. Of note, the majority of studies
were retrospective, which, by definition, are susceptible
of major selection bias as well as misclassification or
information bias due to the unknown accuracy of record
keeping.

DISCUSSION
Despite the stringent selection of LT candidates and
[16,56,87]
measures to control the recipient
and, more
[88]
recently, donor-related
risk factors, post-transplant
HCC recurrence is a reality that occurs in average
16% of patients and drastically affects their survival.
Treatments for HCC recurrence have been receiving
increasing attention in the literature, as shown by
the rising number of publications in the recent years.

WJG|www.wjgnet.com

However, there are no randomized clinical trial or
large sample prospective studies available on the
topic. The present systematic review might provide
a better understanding of the clinical experience and
thus support the development of treatment strategies
tailored for different clinical settings.
[50,57,59,60,72]
As supported by several studies
, the
time between LT and HCC recurrence is a key pre
dictor of survival, with worse prognosis associated
with early HCC recurrence (within 24 mo). From a
physiopathological perspective, early HCC recurrence
could occur due to non-detectable extra-hepatic
metastases that were present before LT, as well as a
consequence of circulating HCC cell clones engrafting
and growing in a target organ in the post-transplant
[89]
period . Conversely, late HCC recurrence appeared to
be the consequence of late engrafting of HCC cells that
remained latent and less numerous for a longer time
[60,89]
post LT
. In LT patients, immunosuppression may
[90,91]
also play a role in the recurrence of HCC
; however,
it remains controversial whether the administration
of mTOR as a first line of management after LT can
control both the inherent risk of graft rejection and
[6,92,93]
the potential risk of tumor recurrence
or impact
on the delay and extension of HCC recurrence. Based
on all included studies, the median HCC recurrence
time was 13 mo; thus, the majority of HCC recurrence
appeared early after LT. It was not possible from the
available data to make distinctions and comparisons
between early and late HCC recurrence. Although
described in some studies, the survival was usually
reported for all patients together. Notwithstanding,
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Table 3 Efficacy, safety and tolerability of loco-regional treatments for recurrent hepatocellular
Ref.

No. of
patients

Treatment

No. of
treatments
per patient

Rivera et al[31]

1

SIRT (Y-90)

1

Ho et al[27]

1

RFA

1

Ko et al[49]

28

TACE

2.5

Tan et al[80]

10

TACE

NR

Carr[39]

6

TACE

8.2

Chen et al[77]

4

TACE

2.8

Cheng et al[41]

11

TACE

NR

Zhang et al[67]

10

CT 125I guided
brachytherapy

3.9

Efficacy

Side effects

(No.of patients)

(No. of patients)

Efficacy demonstrated by
Intermittent nausea
tumor necrosis on imaging
Mild right upper
and decreased AFP level
quadrant abdominal pain
No evidence of local
None
progression and
normalization of
AFP levels
Complete response (3),
In 17.9% of patients:
partial response (11), minimal
Nausea, vomiting,
response (5), stable disease
diarrhea
(3), progressive disease (6)
Hypertension,
tachycardia
Mild right upper
quadrant abdominal pain
According to RECIST criteria,
NR
partial response (1), stable
disease (3), and progressive
disease (6)
Complete response (1),
Bilirubin toxicity (Grade
partial response (2), stable
2) (1)
disease (1), progression (2)
Granulocyte toxicity
(Grade 3) (3)
According to mRECIST
None
criteria, complete or partial
response in all patients
NR
NR
Complete local control of
HCC recurrence 72% of
patients at 2 yr

Minor displacement of
radioactive seeds (2)
Mild increase of white
blood cell counts (3)
Fever (4)

Tolerability

Safety

Well tolerated

No adverse
consequence

Well tolerated

No adverse
consequence

Well tolerated

No adverse
consequence

Well tolerated

No adverse
consequence

Well tolerated

No adverse
consequence

Well tolerated

No adverse
consequence

Well tolerated

No adverse
consequence
Well tolerated Hemothorax (1)
Hemosputum (3)

CT: Computed tomography; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; SIRT: Selective internal radiotherapy treatment; HCC:
Hepatocellular carcinoma; LT: Liver transplantation.

early HCC recurrence can be considered a negative
[42,47,50,60]
prognostic factor for survival
.
The majority of patients presented as extra-hepatic
HCC recurrence at diagnosis, most commonly located
at the lung, bone, adrenal gland, and abdominal lymph
nodes. Hepatic recurrence, especially late recurrence,
might be indicative of de novo HCC development
from recurrent hepatitis and cirrhosis in the liver
graft. However, in the absence of molecular profiling
analyses to distinguish recipient origin from donor
origin, it is impossible to determinate the nature of
[94]
HCC recurrence . As it is rarely described, the actual
incidence of de novo HCC post-LT remains unclear.
Another prognostic factor that emerged from
the analysis of the literature is the pattern of HCC
recurrence, either as localized, isolated nodule(s) or
multifocal metastases. This is shown to impact on
patient survival as well as on the choice of treatment
strategies. For both isolated hepatic and extra-hepatic
metastases, surgical resection appeared to be the
best treatment option offering longer survival chanc
[50,52,59,61,72,75,83]
e
. However, a major selection bias has
to be highlighted: LT patients with HCC recurrence
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undergoing surgery are usually the ones with the
best performance status, late recurrence, and most
favorable localization allowing resection. Indeed,
reported post-operative mortality and morbidity were
very low in both resection of grafted liver and other
organ metastases (e.g., lung, adrenal gland). Based
on the current knowledge, surgery for HCC recurrence
is a valuable option if performed in selected patients
with curative intents, and, as recommended in a recent
[6]
consensus conference , surgery should be attempted
whenever feasible. On the contrary, little is known
about re-transplantation for intra-hepatic recurrent
[6]
HCC, and it is currently considered not appropriate .
Selected patients with unresectable but limited
HCC recurrence may undergo loco-regional therapy
including TACE, SIRT, and RFA, with potential
[6]
improvement in survival . These treatments appeared
to be safe and well tolerated and may be repeated
multiple times or combined in a multimodality app
[31,41,49,54,56,68,75,80]
roach
.
When recurrent HCC is presenting as or becomes
systemically spread, systemic treatments are war
[6]
ranted . Among these, systemic chemotherapy
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Table 4 Efficacy, safety and tolerability of Sorafenib for recurrent hepatocellular carcinoma in liver transplantation patients
Ref.

n

Treatments

Type of
immunosuppression

Efficacy
(No. of patients)

Most frequent side
1
effects

Tolerability

Safety
(No. of patients)

Yeganeh et al[35]

1

Sorafenib
(400 m bid)

Complete resolution
of his lung lesion

1

Sorafenib
(400 mg bid)

Diarrhea
Hand-foot skin
reactions
Hand-foot skin
reactions (Grade 1)

Dose reduction
needed (200 mg
bid)
Well tolerated

No major adverse
consequence

Bhoori et al[23]

Tacrolimus +
mycophenolate
mofetil
Everolimus

Herden et al[26]

1

Sorafenib
(200 mg bid)

Cyclosporine A

Nausea
Fever up to 39 ℃

Discontinuation
after 5 d of
treatment

Kim et al[48]

9

Sorafenib
(200 to 400
mg bid)

Tacrolimus ±
Sirolimus

Tan et al[80]

10

Sorafenib
(400 mg bid)

Tacrolimus

Valdivieso et al[61]

5

Everolimus

Wang et al[37]

1

Sorafenib
(400 mg bid)
Sorafenib
(400 mg bid)

Hand-foot skin
reactions

No major adverse
consequence

Yoon et al[65]

13

Sorafenib
(400 mg bid)

Calcineurin
inhibitors ±
mycophenolate
mofetil

Dose reduction
needed (200 mg
bid)
Dose reduction
(200 mg bid) in 4
patients

Kim et al[28]

1

Sorafenib
(200 to 400
mg bid)

Sirolimus

Dose reduction
needed (200 mg
bid)

No major adverse
consequence

Takahara et al[33]

2

Cyclosporine/
Tacrolimus

3

Everolimus/
Sirolimus

Partial response
after introduction
of mTOR (1),
progression (1)

Gomez-Martin et al[45]

31

Sorafenib
(400 mg bid)

Everolimus

Complete response
(1), partial response
(1), and stable
disease (13)

Dose reduction
(200 mg bid) for
1 patient
Hand-foot skin
Discontinuation
reactions (Grade 3)
for 1 patient,
Fatigue (Grade 3)
dose reduction
(200 mg bid) for
1 patient
Mild graft
Dose reduction
dysfunction
(200-300 mg bid)
Hand-foot skin
in 8 patients
reactions
Asthenia
Hypertension
Diarrhea
Thrombocytopenia

No major adverse
consequence

Waidmann et al[34]

Sorafenib
(200 to 400
mg bid)
Sorafenib
(400 mg bid)
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Tacrolimus/
Sirolimus

50% response
according to
RECIST criteria
modifications after
introduction of
Everolimus
NR

No major adverse
consequence

Centrolobular
hepatocellular
necrosis and
Jaundice
lymphoplasmacellular
and granulocytic
infiltration of portal
tracts with significant
eosinophilia (hyper
allergic drug reaction)
Complete
Hand-foot skin
Discontinuation
No major adverse
radiographic
reactions
in 5 patients
consequence nor
response (1),
Fatigue and anorexia
deterioration of liver
stable disease (4),
Diarrhea
graft function
progression (3)
Mucositis
Stable disease (7),
Rash
Discontinuation
No major adverse
progressive disease
Hypertension
in 1 patient
consequence
(3)
Agrypnia
Hand-foot skin
reaction
Diarrhea
NR
NR
NR
NR
Partial response
(after introduction
of Sirolimus)
Stable disease (6)

Chest wall pain
Hand-foot skin
reactions
Neutropenia,
thrombocytopenia,
anemia
Rash
Diarrhea
Complete radiologic
Hand-foot skin
response
reactions
Fatigue
Mucositis
Complete response
Hypertension
(1)
Diarrhea, anorexia
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No major adverse
consequence

Death for sepsis and
multi-organ failure (1)
after 3 wk of Sorafenib
treatment
Central nervous
system hemorrhaging
(1), severe
biventricular heart
failure (1), and
upper digestive
hemorrhaging (2)
leading to death (1)
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Sotiropoulos et al[58]

14

Staufer et al[76]

13

Vitale et al[62]

10

Weinmann et al[63]

11

Pfeiffenberger et al[78]

8

Sposito et al[79]

15

Waghray et al[81]

17

Zavaglia et al[66]

11

Alsina et al[73]

9

De Simone et al[43]

7

Perricone et al[53]

4

Sorafenib
(400 mg bid)

mTOR

Progression (4)

NR

Discontinuation
NR
for 4 patients,
dose reduction
(100 to 200
mg bid) for 2
patients
Sorafenib
mTOR/
Partial response (1), Anemia, leukopenia Poor tolerability.
Centrolobular
(400 mg bid)
Cyclosporine A
stable disease (4),
Hand-foot skin
Dose reduction
hepatocellular
progression (7)
reactions
(200 mg bid) in
necrosis and
Increase of liver
10 patients
lymphoplasmacellular
function tests
infiltration of portal
Fatigue
tracts (2) with
eosinophilia (2)
Sorafenib mTOR/Tacrolimus
According to
Diarrhea
Dose reduction
No major adverse
(400 mg bid)
mRECIST criteria,
Diarrhea
in 7 patients
consequence
partial response (2),
Hand-foot skin
stable disease (6),
reactions
progression (2)
Fatigue
Sorafenib
Sirolimus
Stable disease (4),
Diarrhea
Discontinuation
No major adverse
(400 mg bid)
progression (7)
Fatigue
and dose
consequence
Nausea
reduction (200
Hand-foot skin
mg bid) for 7
reactions
patients
Hair loss
Weight loss
Sorafenib
Tacrolimus/
Progression (1)
Hand-foot skin
Dose reduction
No major adverse
(400 mg bid)
Tacrolimus +
reaction
for 6 patients
consequence
mycophenolate
Diarrhea
mofetil/Cyclosporin
A
Sorafenib
mTOR/
According to
Hand-foot skin
Dose reduction
No major adverse
(400 mg bid) Cyclosporine A/
RECIST, stable
reactions
(200 mg bid) for
consequence
Tacrolimus
disease (11), partial
Diarrhea
8 patients
response (4)
Fatigue
Sorafenib
Sirolimus
Complete response
Diarrhea, nausea
Dose reduction
No major adverse
(400 mg bid)
(2), partial response
Fatigue
(100 to 200
consequence
(1), stable disease (2), Increase of liver
mg bid) for 14
progression (5)
function tests
patients
Hand-foot skin
reactions
Sorafenib
Everolimus/
Partial response (2), Fatigue, anorexia Discontinuation
Massive
(400 mg bid)
Cyclosporine A
stable disease (1), Hypophosphatemia
in 4 patients,
gastrointestinal
progression (6)
Diarrhea, nausea,
dose reduction
bleeding leading to
vomiting
(200 mg bid) for death after 4 mo of
Hand-foot skin
7 patients
Sorafenib + mTOR
reactions
Sorafenib
Tacrolimus/
NR
Hand-foot skin
Dose reduction
No major adverse
(400 mg bid)
Cyclosporine A
reaction
for 2 patients
consequence
± mycophenolate
Rash
mofetil
Seizure
Skin flushing
Sorafenib
Everolimus
According
Hand-foot skin
Dose reduction
No major adverse
(400 mg bid)
to mRECIST,
reactions
for 3 patients,
consequence
progression (5)
Hypertension
temporary
Diarrhea
discontinuation
Anorexia, asthenia
for 2 patients
Hoarseness
Alopecia
Sorafenib
Everolimus
Stable disease (1),
Diarrhea (Grade 3) Discontinuation
Severe diarrhea
(200 mg bid)
progression (3)
for 1 patient
with progressive
worsening of clinical
condition, leading to
coma then death (1) 4
mo after Sorafenib +
mTOR

1

When available, Sorafenib-related adverse events were graded according to the National Cancer Institute Common Toxicity Criteria (Grade Ⅰ to Ⅴ).
RECIST: Response Evaluation Criteria in Solid Tumors; mTOR: Mammalian target of rapamycin; HCC: Hepatocellular carcinoma; LT: Liver transplantation.
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(e.g., doxorubicin, or fluoropyrimidine and platinum)
demonstrated very limited efficacy in both preventing
[84]
and controlling HCC recurrence , confirming HCC as
a low chemo-sensitivity tumor. Little is known about
the efficacy of systemic chemotherapy combined with
other immunosuppressive agents like mTOR.
In contrast, systemic therapy with Sorafenib has
gained significant interest in the recent years and
has been the object of several publications assessing
its efficacy and safety for the treatment of HCC
recurrence in LT patients. Some studies demonstrated
that the administration of Sorafenib, with or without
mTOR, is associated with improvement of patient
[45,58,62,63,73,79,81]
survival
. However, several studies
also reported adverse effects related to Sorafenib,
which required dose reduction or discontinuation
[26,34,43,45,53,66,76]
in a high percentage of patients
. Of
note, Sorafenib has been associated with major
adverse effects (Grade 3 and 4) including five
cases of centrolobular hepatocellular necrosis with
lymphoplasmacellular and granulocytic infiltration of
[26,45,76]
the portal tracts (with or without eosinophilia)
,1
[66]
case of massive gastrointestinal bleeding , 1 case of
[34]
sepsis and multi-organ failure , and 1 case of severe
[53]
diarrhea . The complication of these conditions led
to death in 4 patients. Therefore, the risk/benefit
and the cost/effectiveness ratios of Sorafenib remain
[95]
unknown and should be further investigated .
However, pooling together the available data, it seems
that most of the times, Sorafenib is able to stabilize
the disease, even though complete responses are rare.
Notwithstanding, a benefit in patient survival postHCC recurrence has been reported in the majority of
[23,34,61,65,73,76,79,80]
the study series
, which was assessed
at 12.1 mo for Sorafenib alone and at 18.2 mo for
Sorafenib + mTOR. This is highly superior to the 3.3
mo of survival for patients receiving best supportive
[79]
care . A synergistic effect of Sorafenib + mTOR
[23,45,79]
inhibitors has been advocated by some authors
;
however, the current evidence is insufficient to draw
definitive conclusions. Moreover, it was not possible to
specifically assess the effects of Sorafenib combined
with different ongoing immunosuppressive therapies
(e.g., calcineurin inhibitors, Tacrolimus).
The use of mTOR has also been proposed as an
immunosuppression paradigm to be applied at the
[93,96]
time of HCC recurrence
. This is because mTOR
seems to have a strong immunosuppressive activity
[97]
with concomitant antineoplastic properties that may
prevent or control HCC recurrence as well as protect
[98]
from de novo cancers .
Managing post-transplant recurrent HCC is a
challenging field, as reflected by the highly hetero
geneous conditions and treatment strategies en
countered in the literature. Since the first report
[30]
in 1995 , novel therapies have been introduced;
however, international guidelines are still lacking.
The available evidence is of rather low quality to sort
management paradigms with predictable outcomes.
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Waiting for a significant progress, the best treatment
may likely remain the prevention of HCC recurrence by
applying stringent selection criteria for LT candidates
and relying on up-to-date imaging and biological
assessments, which need to be repeated shortly before
transplantation.
However, once HCC recurrence is diagnosed in LT
patients, clinicians and surgeons face a difficult decision
[98]
making process. Recently, Toso et al
proposed a
management algorithm that applies different treatment
strategies depending on the localization of the
recurrence (hepatic vs extra-hepatic) and the feasibility
of surgical resection. The present systematic review
supports this paradigm, which can be summarized as
follows: (1) consider to switch to mTOR or decrease
overall immunosuppression; (2) apply surgery whenever
feasible; (3) reserve more aggressive approaches
for cases with better potential outcomes (e.g., late
recurrence); and (4) recur to systemic treatments,
namely Sorafenib, for unresectable multifocal disease
and HCC re-recurrence.
The present systematic review has several limi
tations mainly related to the retrospective nature of the
included studies, which displayed high heterogeneity
in the clinical parameters and outcomes evaluated,
missing data, and small sample size. Moreover, external
validity of the present results cannot be assured due to
the highly selected study populations and specialized
centers in which the clinical trials have been performed.
The clinical management of HCC recurrence in LT
patients is challenging and is associated with a poor
prognosis independently of the type of treatment.
Most of the time, a multimodal approach is required
to slow down the disease progression. Although the
administration of Sorafenib with or without mTOR
appears promising, further clinical trials are needed to
assess its efficacy and safety. Finally, an international
consensus meeting should be advocated in order
to assess guidelines and draw up future research
directions in the field of HCC recurrence management
in LT patients.
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Background

Hepatocellular carcinoma (HCC) recurrence after liver transplantation drastically
affects patient survival. Management of HCC recurrence involves a wide range
of local and systemic treatment modalities that lack established guidelines.

Research frontiers

The present systematic review provides a better understanding of the clinical
experience in the management of post-transplant HCC recurrence. It also
highlights the need of developing standardized treatment strategies tailored for
different clinical settings.

Innovations and breakthroughs

By means of the systematic approach, this review allows the reader to have
an overview of the state of art in the management of post-transplant HCC
recurrence, ranging from surgery to systemic therapy. However, this study also
highlights that the overall evidence available are low and further well-conducted
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studies are needed.

11

Applications

The clinical management of HCC recurrence in transplanted patients remains
challenging and is associated with a poor prognosis independently of the type
of treatment. In the near future, research studies need to establish whether the
treatment approach has to be chosen based on the underlying etiology of liver
disease or HCC recurrence pattern; which are the indications and outcomes
of multimodal approaches; which are the efficacy and safety of target therapy
combined with immunosuppressant agents. Finally, an international consensus
meeting is awaited in order to assess guidelines and clinical recommendations.

Terminology

Sorafenib is an orally active multikinase inhibitor approved for the treatment of
advanced HCC. mTOR (i.e., Mammalian target of rapamycin) inhibitors can be
used as immunosuppressant agents in transplant patients as well as cancer
chemotherapy.
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This is an interesting systematic review describing the management of post
transplant HCC recurrence.
15

REFERENCES
1

2

3
4

5

6

7

8
9

10

Thomas MB, Jaffe D, Choti MM, Belghiti J, Curley S, Fong
Y, Gores G, Kerlan R, Merle P, O’Neil B, Poon R, Schwartz L,
Tepper J, Yao F, Haller D, Mooney M, Venook A. Hepatocellular
carcinoma: consensus recommendations of the National Cancer
Institute Clinical Trials Planning Meeting. J Clin Oncol 2010; 28:
3994-4005 [PMID: 20679622 DOI: 10.1200/JCO.2010.28.7805]
Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S,
Coebergh JW, Comber H, Forman D, Bray F. Cancer incidence
and mortality patterns in Europe: estimates for 40 countries in
2012. Eur J Cancer 2013; 49: 1374-1403 [PMID: 23485231 DOI:
10.1016/j.ejca.2012.12.027]
El-Serag HB. Hepatocellular carcinoma and hepatitis C in the
United States. Hepatology 2002; 36: S74-S83 [PMID: 12407579
DOI: 10.1053/jhep.2002.36807]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma:
epidemiology and molecular carcinogenesis. Gastroenterology
2007; 132: 2557-2576 [PMID: 17570226 DOI: 10.1053/
j.gastro.2007.04.061]
Mittal S, Sada YH, El-Serag HB, Kanwal F, Duan Z, Temple
S, May SB, Kramer JR, Richardson PA, Davila JA. Temporal
trends of nonalcoholic fatty liver disease-related hepatocellular
carcinoma in the veteran affairs population. Clin Gastroenterol
Hepatol 2015; 13: 594-601.e1 [PMID: 25148760 DOI: 10.1016/
j.cgh.2014.08.013]
Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B, Perrier
A. Recommendations for liver transplantation for hepatocellular
carcinoma: an international consensus conference report. Lancet
Oncol 2012; 13: e11-e22 [PMID: 22047762 DOI: 10.1016/
S1470-2045(11)70175-9]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.
Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334:
693-699 [PMID: 8594428 DOI: 10.1056/NEJM199603143341104]
Schwartz M. Liver transplantation for hepatocellular carcinoma.
Gastroenterology 2004; 127: S268-S276 [PMID: 15508093]
Yao FY, Ferrell L, Bass NM, Bacchetti P, Ascher NL, Roberts JP.
Liver transplantation for hepatocellular carcinoma: comparison
of the proposed UCSF criteria with the Milan criteria and the
Pittsburgh modified TNM criteria. Liver Transpl 2002; 8: 765-774
[PMID: 12200775 DOI: 10.1053/jlts.2002.34892]
Sutcliffe R, Maguire D, Portmann B, Rela M, Heaton N. Selection
of patients with hepatocellular carcinoma for liver transplantation.
Br J Surg 2006; 93: 11-18 [PMID: 16329080 DOI: 10.1002/

WJG|www.wjgnet.com

16

17

18

19

20

21

22

23

11195

bjs.5198]
Hollebecque A, Decaens T, Boleslawski E, Mathurin P, Duvoux
C, Pruvot FR, Dharancy S. Natural history and therapeutic
management of recurrent hepatocellular carcinoma after liver
transplantation. Gastroenterol Clin Biol 2009; 33: 361-369 [PMID:
19398289 DOI: 10.1016/j.gcb.2009.02.036]
Davis E, Wiesner R, Valdecasas J, Kita Y, Rossi M, Schwartz
M. Treatment of recurrent hepatocellular carcinoma after liver
transplantation. Liver Transpl 2011; 17 Suppl 2: S162-S166 [PMID:
21688382 DOI: 10.1002/lt.22361]
Welker MW, Bechstein WO, Zeuzem S, Trojan J. Recurrent
hepatocellular carcinoma after liver transplantation - an emerging
clinical challenge. Transpl Int 2013; 26: 109-118 [PMID: 22994652
DOI: 10.1111/j.1432-2277.2012.01562.x]
Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F, Badran
H, Piardi T, Francoz C, Compagnon P, Vanlemmens C, Dumortier
J, Dharancy S, Gugenheim J, Bernard PH, Adam R, Radenne S,
Muscari F, Conti F, Hardwigsen J, Pageaux GP, Chazouillères O,
Salame E, Hilleret MN, Lebray P, Abergel A, Debette-Gratien M,
Kluger MD, Mallat A, Azoulay D, Cherqui D. Liver transplantation
for hepatocellular carcinoma: a model including α-fetoprotein
improves the performance of Milan criteria. Gastroenterology
2012; 143: 986-994.e3; quiz e14-e15 [PMID: 22750200 DOI:
10.1053/j.gastro.2012.05.052]
DuBay D, Sandroussi C, Sandhu L, Cleary S, Guba M, Cattral
MS, McGilvray I, Ghanekar A, Selzner M, Greig PD, Grant DR.
Liver transplantation for advanced hepatocellular carcinoma using
poor tumor differentiation on biopsy as an exclusion criterion. Ann
Surg 2011; 253: 166-172 [PMID: 21294289]
Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M,
Mariani L, Camerini T, Roayaie S, Schwartz ME, Grazi GL, Adam
R, Neuhaus P, Salizzoni M, Bruix J, Forner A, De Carlis L, Cillo U,
Burroughs AK, Troisi R, Rossi M, Gerunda GE, Lerut J, Belghiti J,
Boin I, Gugenheim J, Rochling F, Van Hoek B, Majno P. Predicting
survival after liver transplantation in patients with hepatocellular
carcinoma beyond the Milan criteria: a retrospective, exploratory
analysis. Lancet Oncol 2009; 10: 35-43 [PMID: 19058754 DOI:
10.1016/S1470-2045(08)70284-5]
Toso C, Asthana S, Bigam DL, Shapiro AM, Kneteman NM.
Reassessing selection criteria prior to liver transplantation for
hepatocellular carcinoma utilizing the Scientific Registry of
Transplant Recipients database. Hepatology 2009; 49: 832-838
[PMID: 19152426 DOI: 10.1002/hep.22693]
Rubin J, Ayoub N, Kaldas F, Saab S. Management of recurrent
hepatocellular carcinoma in liver transplant recipients: a systematic
review. Exp Clin Transplant 2012; 10: 531-543 [PMID: 23216564]
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med 2009; 6: e1000097 [PMID: 19621072 DOI:
10.1371/journal.pmed.1000097]
Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman
AD, Savovic J, Schulz KF, Weeks L, Sterne JA. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ 2011; 343: d5928 [PMID: 22008217 DOI: 10.1136/bmj.
d5928]
Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in metaanalyses. Eur J Epidemiol 2010; 25: 603-605 [PMID: 20652370
DOI: 10.1007/s10654-010-9491-z]
Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, AlonsoCoello P, Schünemann HJ. GRADE: an emerging consensus
on rating quality of evidence and strength of recommendations.
BMJ 2008; 336: 924-926 [PMID: 18436948 DOI: 10.1136/
bmj.39489.470347.AD]
Bhoori S, Toffanin S, Sposito C, Germini A, Pellegrinelli A,
Lampis A, Mazzaferro V. Personalized molecular targeted therapy
in advanced, recurrent hepatocellular carcinoma after liver
transplantation: a proof of principle. J Hepatol 2010; 52: 771-775
[PMID: 20347502 DOI: 10.1016/j.jhep.2010.01.025]

October 21, 2015|Volume 21|Issue 39|

de'Angelis N et al . Recurrent HCC management in LT patients
24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Castroagudín JF, González-Quintela A, Martínez J, Tomé S,
Forteza J, Varo E. Bilateral adrenal metastases from hepatocellular
carcinoma after liver transplantation. Hepatogastroenterology
2002; 49: 249-251 [PMID: 11941967]
Gringeri E, Boetto R, Bassi D, D’Amico FE, Polacco M, Romano
M, Neri D, Feltracco P, Zanus G, Cillo U. Laparoscopic microwave
thermal ablation for late recurrence of local hepatocellular
carcinoma after liver transplant: case report. Prog Transplant 2014;
24: 142-145 [PMID: 24919730 DOI: 10.7182/pit2014632]
Herden U, Fischer L, Schäfer H, Nashan B, von Baehr V, Sterneck
M. Sorafenib-induced severe acute hepatitis in a stable liver
transplant recipient. Transplantation 2010; 90: 98-99 [PMID:
20606568 DOI: 10.1097/TP.0b013e3181daac69]
Ho CK, Chapman WC, Brown DB. Radiofrequency ablation
of recurrent hepatocellular carcinoma in a patient after liver
transplantation: two-year follow-up. J Vasc Interv Radiol 2007; 18:
1451-1453 [PMID: 18003999 DOI: 10.1016/j.jvir.2007.07.017]
Kim R, Aucejo F. Radiologic complete response with sirolimus
and sorafenib in a hepatocellular carcinoma patient who relapsed
after orthotopic liver transplantation. J Gastrointest Cancer 2011;
42: 50-53 [PMID: 20714941 DOI: 10.1007/s12029-010-9196-2]
Mazloom A, Hezel AF, Katz AW. Stereotactic body radiation
therapy as a bridge to transplantation and for recurrent disease in
the transplanted liver of a patient with hepatocellular carcinoma.
Case Rep Oncol 2014; 7: 18-22 [PMID: 24575010]
Ringe B, Böker K, Schlitt HJ, Sproviero J, Hundrieser J, Tillmann
HL, Chavan A, Flemming P, Galanski M, Pichlmayr R. Recurrence
of hepatitis B virus cirrhosis and hepatocellular carcinoma: an
indication for retransplantation? Clin Transplant 1995; 9: 190-196
[PMID: 7549059]
Rivera L, Giap H, Miller W, Fisher J, Hillebrand DJ, Marsh
C, Schaffer RL. Hepatic intra-arterial infusion of yttrium-90
microspheres in the treatment of recurrent hepatocellular carcinoma
after liver transplantation: a case report. World J Gastroenterol
2006; 12: 5729-5732 [PMID: 17007031]
Stippel DL, Kasper HU, Schleimer K, Töx U, Bangard C,
Hölscher AH, Beckurts KT. Successful use of sirolimus in a patient
with bulky ovarian metastasis of hepatocellular carcinoma after
liver transplantation. Transplant Proc 2005; 37: 2185-2187 [PMID:
15964374 DOI: 10.1016/j.transproceed.2005.03.013]
Takahara T, Nitta H, Hasegawa Y, Itou N, Takahashi M,
Wakabayashi G. Using sorafenib for recurrent hepatocellular
carcinoma after liver transplantation--interactions between
calcineurin inhibitor: two case reports. Transplant Proc 2011; 43:
2800-2805 [PMID: 21911167 DOI: 10.1016/j.transproceed.2011.0
6.063]
Waidmann O, Hofmann WP, Zeuzem S, Trojan J. mTOR
inhibitors and sorafenib for recurrent heptocellular carcinoma
after orthotopic liver transplantation. J Hepatol 2011; 54: 396-398
[PMID: 21111506 DOI: 10.1016/j.jhep.2010.08.038]
Yeganeh M, Finn RS, Saab S. Apparent remission of a solitary
metastatic pulmonary lesion in a liver transplant recipient treated
with sorafenib. Am J Transplant 2009; 9: 2851-2854 [PMID:
20021481 DOI: 10.1111/j.1600-6143.2009.02860.x]
Alamo JM, Barrera L, Casado MD, Bernal C, Marin LM, Suarez
G, Sanchez-Moreno L, Jimenez R, Suarez-Grau JM, Sousa
JM, Cordero E, Gomez-Bravo MA. Efficacy, tolerance, and
safety of mammalian target of rapamycin inhibitors as rescue
immunosuppressants in liver transplantation. Transplant Proc
2009; 41: 2181-2183 [PMID: 19715866 DOI: 10.1016/j.transproce
ed.2009.06.083]
Wang Y, Speeg KV, Washburn WK, Halff G. Sirolimus plus
sorafenib in treating HCC recurrence after liver transplantation: a
case report. World J Gastroenterol 2010; 16: 5518-5522 [PMID:
21086573]
Bates MJ, Farkas E, Taylor D, McFadden PM. Pulmonary
resection of metastatic hepatocellular carcinoma after liver
transplantation. Ann Thorac Surg 2008; 85: 412-415 [PMID:
18222234 DOI: 10.1016/j.athoracsur.2007.10.065]

WJG|www.wjgnet.com

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

11196

Carr BI. Hepatic artery chemoembolization for hepatocellular
carcinoma recurrence confined to the transplanted liver.
Case Rep Oncol 2012; 5: 506-510 [PMID: 23139662 DOI:
10.1159/000343043]
Catalano G, Urbani L, Biancofiore G, Bindi L, Boldrini A,
Consani G, Bisà M, Campatelli A, Petruzzi P, Cioni R, Vignali C,
Mosca F, Filipponi F. Hepatic resection after liver transplantation
as a graft-saving procedure: indication criteria, timing and
outcome. Transplant Proc 2004; 36: 545-546 [PMID: 15110588
DOI: 10.1016/j.transproceed.2004.02.028]
Cheng YC, Chen TW, Fan HL, Yu CY, Chang HC, Hsieh CB.
Transarterial chemoembolization for intrahepatic multiple recurrent
HCC after liver resection or transplantation. Ann Transplant 2014;
19: 309-316 [PMID: 24975583 DOI: 10.12659/AOT.890505]
Chok KS, Chan SC, Cheung TT, Chan AC, Fan ST, Lo CM. Late
recurrence of hepatocellular carcinoma after liver transplantation.
World J Surg 2011; 35: 2058-2062 [PMID: 21597889 DOI: 10.1007/
s00268-011-1146-z]
De Simone P, Crocetti L, Pezzati D, Bargellini I, Ghinolfi D,
Carrai P, Leonardi G, Della Pina C, Cioni D, Pollina L, Campani
D, Bartolozzi C, Lencioni R, Filipponi F. Efficacy and safety of
combination therapy with everolimus and sorafenib for recurrence
of hepatocellular carcinoma after liver transplantation. Transplant
Proc 2014; 46: 241-244 [PMID: 24507059 DOI: 10.1016/j.transpr
oceed.2013.10.035]
Escartin A, Sapisochin G, Bilbao I, Vilallonga R, Bueno J,
Castells L, Dopazo C, Castro E, Caralt M, Balsells J. Recurrence
of hepatocellular carcinoma after liver transplantation. Transplant
Proc 2007; 39: 2308-2310 [PMID: 17889173 DOI: 10.1016/j.trans
proceed.2007.06.042]
Gomez-Martin C, Bustamante J, Castroagudin JF, Salcedo M,
Garralda E, Testillano M, Herrero I, Matilla A, Sangro B. Efficacy
and safety of sorafenib in combination with mammalian target
of rapamycin inhibitors for recurrent hepatocellular carcinoma
after liver transplantation. Liver Transpl 2012; 18: 45-52 [PMID:
21932373 DOI: 10.1002/lt.22434]
Gunay Y, Guler N, Akyildiz M, Yaprak O, Dayangac M, Yuzer
Y, Tokat Y. Management of patients with recurrent hepatocellular
carcinoma following living donor liver transplantation: a single
center experience. Gulf J Oncolog 2014; 1: 12-18 [PMID:
24610283]
Kim HR, Cheon SH, Rha SY, Lee S, Han KH, Chon CY, Lee
JD, Sung JS, Chung HC. Treatment of recurrent hepatocellular
carcinoma after liver transplantation. Asia Pac J Clin Oncol 2011; 7:
258-269 [PMID: 21884437 DOI: 10.1111/j.1743-7563.2011.01425.
x]
Kim R, El-Gazzaz G, Tan A, Elson P, Byrne M, Chang YD, Aucejo F.
Safety and feasibility of using sorafenib in recurrent hepatocellular
carcinoma after orthotopic liver transplantation. Oncology 2010; 79:
62-66 [PMID: 21071991 DOI: 10.1159/000319548]
Ko HK, Ko GY, Yoon HK, Sung KB. Tumor response to
transcatheter arterial chemoembolization in recurrent hepatocellular
carcinoma after living donor liver transplantation. Korean J Radiol
2007; 8: 320-327 [PMID: 17673843]
Kornberg A, Küpper B, Tannapfel A, Katenkamp K, Thrum
K, Habrecht O, Wilberg J. Long-term survival after recurrent
hepatocellular carcinoma in liver transplant patients: clinical
patterns and outcome variables. Eur J Surg Oncol 2010; 36:
275-280 [PMID: 19857941 DOI: 10.1016/j.ejso.2009.10.001]
Lee CH, Brubaker LM, Gerber DA, Ku YM, Kim YH, Shin SS,
Semelka RC. MRI findings of recurrent hepatocellular carcinoma
after liver transplantation: preliminary results. J Magn Reson
Imaging 2011; 33: 1399-1405 [PMID: 21591009]
Marangoni G, Faraj W, Sethi H, Rela M, Muiesan P, Heaton
N. Liver resection in liver transplant recipients. Hepatobiliary
Pancreat Dis Int 2008; 7: 590-594 [PMID: 19073403]
Perricone G, Mancuso A, Belli LS, Mazzarelli C, Zavaglia C.
Sorafenib for the treatment of recurrent hepatocellular carcinoma
after liver transplantation: does mTOR inhibitors association

October 21, 2015|Volume 21|Issue 39|

de'Angelis N et al . Recurrent HCC management in LT patients

54

55

56

57

58

59

60

61

62

63

64

65

66

augment toxicity? Eur J Gastroenterol Hepatol 2014; 26: 577-578
[PMID: 24694739 DOI: 10.1097/meg.0000000000000073]
Pfiffer TE, Seehofer D, Nicolaou A, Neuhaus R, Riess H, Trappe
RU. Recurrent hepatocellular carcinoma in liver transplant
recipients: parameters affecting time to recurrence, treatment
options and survival in the sorafenib era. Tumori 2011; 97: 436-441
[PMID: 21989430 DOI: 10.1700/950.10394]
Roayaie S, Schwartz JD, Sung MW, Emre SH, Miller CM,
Gondolesi GE, Krieger NR, Schwartz ME. Recurrence of
hepatocellular carcinoma after liver transplant: patterns and
prognosis. Liver Transpl 2004; 10: 534-540 [PMID: 15048797
DOI: 10.1002/lt.20128]
Roh YN, David Kwon CH, Song S, Shin M, Man Kim J, Kim S,
Joh JW, Lee SK. The prognosis and treatment outcomes of patients
with recurrent hepatocellular carcinoma after liver transplantation.
Clin Transplant 2014; 28: 141-148 [PMID: 24372624]
Shin WY, Suh KS, Lee HW, Kim J, Kim T, Yi NJ, Lee KU.
Prognostic factors affecting survival after recurrence in adult
living donor liver transplantation for hepatocellular carcinoma.
Liver Transpl 2010; 16: 678-684 [PMID: 20440777 DOI: 10.1002/
lt.22047]
Sotiropoulos GC, Nowak KW, Fouzas I, Vernadakis S, Kykalos S,
Klein CG, Paul A. Sorafenib treatment for recurrent hepatocellular
carcinoma after liver transplantation. Transplant Proc 2012; 44:
2754-2756 [PMID: 23146514 DOI: 10.1016/j.transproceed.2012.0
9.022]
Taketomi A, Fukuhara T, Morita K, Kayashima H, Ninomiya M,
Yamashita Y, Ikegami T, Uchiyama H, Yoshizumi T, Soejima Y,
Shirabe K, Maehara Y. Improved results of a surgical resection
for the recurrence of hepatocellular carcinoma after living donor
liver transplantation. Ann Surg Oncol 2010; 17: 2283-2289 [PMID:
20204531 DOI: 10.1245/s10434-010-0999-y]
Toso C, Cader S, Mentha-Dugerdil A, Meeberg G, Majno P,
Morard I, Giostra E, Berney T, Morel P, Mentha G, Kneteman NM.
Factors predicting survival after post-transplant hepatocellular
carcinoma recurrence. J Hepatobiliary Pancreat Sci 2013; 20:
342-347 [PMID: 22710887 DOI: 10.1007/s00534-012-0528-4]
Valdivieso A, Bustamante J, Gastaca M, Uriarte JG, Ventoso A,
Ruiz P, Fernandez JR, Pijoan I, Testillano M, Suarez MJ, Montejo
M, Ortiz de Urbina J. Management of hepatocellular carcinoma
recurrence after liver transplantation. Transplant Proc 2010; 42:
660-662 [PMID: 20304217 DOI: 10.1016/j.transproceed.2010.02.0
14]
Vitale A, Boccagni P, Kertusha X, Zanus G, D’Amico F, Lodo E,
Pastorelli D, Ramirez Morales R, Lombardi G, Senzolo M, Burra
P, Cillo U. Sorafenib for the treatment of recurrent hepatocellular
carcinoma after liver transplantation? Transplant Proc 2012; 44:
1989-1991 [PMID: 22974889 DOI: 10.1016/j.transproceed.2012.0
6.046]
Weinmann A, Niederle IM, Koch S, Hoppe-Lotichius M,
Heise M, Düber C, Schuchmann M, Otto G, Galle PR, Wörns
MA. Sorafenib for recurrence of hepatocellular carcinoma after
liver transplantation. Dig Liver Dis 2012; 44: 432-437 [PMID:
22265328 DOI: 10.1016/j.dld.2011.12.009]
Yamagami T, Yoshimatsu R, Ishikawa M, Kajiwara K, Aikata
H, Tashiro H, Kakizawa H, Toyoda N, Ohdan H, Awai K.
Transcatheter arterial chemoembolization with an interventionalCT system for recurrent hepatocellular carcinoma after living
donor liver transplantation. Hepatogastroenterology 2014; 61:
1387-1392 [PMID: 25513101]
Yoon DH, Ryoo BY, Ryu MH, Lee SG, Hwang S, Suh DJ, Lee
HC, Kim TW, Ahn CS, Kim KH, Moon DB, Kang YK. Sorafenib
for recurrent hepatocellular carcinoma after liver transplantation.
Jpn J Clin Oncol 2010; 40: 768-773 [PMID: 20494947 DOI:
10.1093/jjco/hyq055]
Zavaglia C, Airoldi A, Mancuso A, Vangeli M, Viganò R, Cordone
G, Gentiluomo M, Belli LS. Adverse events affect sorafenib
efficacy in patients with recurrent hepatocellular carcinoma after
liver transplantation: experience at a single center and review of

WJG|www.wjgnet.com

67

68

69

70

71

72

73

74

75

76

77

78

79

80

11197

the literature. Eur J Gastroenterol Hepatol 2013; 25: 180-186
[PMID: 23044808]
Zhang FJ, Li CX, Zhang L, Wu PH, Jiao DC, Duan GF. Short- to
mid-term evaluation of CT-guided 125I brachytherapy on intrahepatic recurrent tumors and/or extra-hepatic metastases after liver
transplantation for hepatocellular carcinoma. Cancer Biol Ther
2009; 8: 585-590 [PMID: 19276683]
Zhou B, Shan H, Zhu KS, Jiang ZB, Guan SH, Meng XC, Zeng
XC. Chemoembolization with lobaplatin mixed with iodized oil for
unresectable recurrent hepatocellular carcinoma after orthotopic
liver transplantation. J Vasc Interv Radiol 2010; 21: 333-338
[PMID: 20116286 DOI: 10.1016/j.jvir.2009.11.006]
Han KN, Kim YT, Yoon JH, Suh KS, Song JY, Kang CH, Sung
SW, Kim JH. Role of surgical resection for pulmonary metastasis
of hepatocellular carcinoma. Lung Cancer 2010; 70: 295-300
[PMID: 20353879 DOI: 10.1016/j.lungcan.2010.02.014]
Kitano K, Murayama T, Sakamoto M, Nagayama K, Ueno K,
Murakawa T, Nakajima J. Outcome and survival analysis of
pulmonary metastasectomy for hepatocellular carcinoma. Eur J
Cardiothorac Surg 2012; 41: 376-382 [PMID: 21727012 DOI:
10.1016/j.ejcts.2011.05.052]
Kwon JB, Park K, Kim YD, Seo JH, Moon SW, Cho DG,
Kim YW, Kim DG, Yoon SK, Lim HW. Clinical outcome
after pulmonary metastasectomy from primary hepatocellular
carcinoma: analysis of prognostic factors. World J Gastroenterol
2008; 14: 5717-5722 [PMID: 18837090]
Sapisochin G, Goldaracena N, Astete S, Laurence JM, Davidson
D, Rafael E, Castells L, Sandroussi C, Bilbao I, Dopazo C, Grant
DR, Lázaro JL, Caralt M, Ghanekar A, McGilvray ID, Lilly L,
Cattral MS, Selzner M, Charco R, Greig PD. Benefit of Treating
Hepatocellular Carcinoma Recurrence after Liver Transplantation
and Analysis of Prognostic Factors for Survival in a Large EuroAmerican Series. Ann Surg Oncol 2015; 22: 2286-2294 [PMID:
25472651 DOI: 10.1245/s10434-014-4273-6]
Alsina AE, Makris A, Nenos V, Sucre E, Arrobas J, Franco
E, Kemmer N. Can sorafenib increase survival for recurrent
hepatocellular carcinoma after liver transplantation? A pilot study.
Am Surg 2014; 80: 680-684 [PMID: 24987900]
Sommacale D, Dondero F, Sauvanet A, Francoz C, Durand F,
Farges O, Kianmanesh R, Belghiti J. Liver resection in transplanted
patients: a single-center Western experience. Transplant Proc
2013; 45: 2726-2728 [PMID: 24034033 DOI: 10.1016/j.transproce
ed.2013.07.032]
Regalia E, Fassati LR, Valente U, Pulvirenti A, Damilano I,
Dardano G, Montalto F, Coppa J, Mazzaferro V. Pattern and
management of recurrent hepatocellular carcinoma after liver
transplantation. J Hepatobiliary Pancreat Surg 1998; 5: 29-34
[PMID: 9683751]
Staufer K, Fischer L, Seegers B, Vettorazzi E, Nashan B, Sterneck
M. High toxicity of sorafenib for recurrent hepatocellular carcinoma
after liver transplantation. Transpl Int 2012; 25: 1158-1164 [PMID:
22882364 DOI: 10.1111/j.1432-2277.2012.01540.x]
Chen WT, Yu CY, Huang TL, Chen TY, Tsang LLC, Ou HY,
Chen CL, Cheng YF. Does transarterial embolization improve
survival for recurrent hepatocellular carcinoma after living donor
liver transplantation? Chin J Radiology (Taiwan) 2012; 37:
101-104
Pfeiffenberger J, Koschny R, Hoffmann K, Mehrabi A,
Schmitz A, Radeleff B, Stremmel W, Schemmer P, Ganten TM.
Sorafenib treatment is save and may affect survival of recurrent
hepatocellular carcinoma after liver transplantation. Langenbecks
Arch Surg 2013; 398: 1123-1128 [PMID: 24091908 DOI: 10.1007/
s00423-013-1114-1]
Sposito C, Mariani L, Germini A, Flores Reyes M, Bongini M,
Grossi G, Bhoori S, Mazzaferro V. Comparative efficacy of sorafenib
versus best supportive care in recurrent hepatocellular carcinoma after
liver transplantation: a case-control study. J Hepatol 2013; 59: 59-66
[PMID: 23500153 DOI: 10.1016/j.jhep.2013.02.026]
Tan WF, Qiu ZQ, Yu Y, Ran RZ, Yi B, Lau WY, Liu C, Qiu YH,
Feng FL, Wang JH, Yan PN, Zhang BH, Wu MC, Luo XJ, Jiang

October 21, 2015|Volume 21|Issue 39|

de'Angelis N et al . Recurrent HCC management in LT patients

81

82

83

84

85

86

87

88

XQ. Sorafenib extends the survival time of patients with multiple
recurrences of hepatocellular carcinoma after liver transplantation.
Acta Pharmacol Sin 2010; 31: 1643-1648 [PMID: 21102481 DOI:
10.1038/aps.2010.124]
Waghray A, Balci B, El-Gazzaz G, Kim R, Pelley R, Narayanan
Menon KV, Estfan B, Romero-Marrero C, Aucejo F. Safety and
efficacy of sorafenib for the treatment of recurrent hepatocellular
carcinoma after liver transplantation. Clin Transplant 2013; 27:
555-561 [PMID: 23758296 DOI: 10.1111/ctr.12150]
Yoon YC, Hong TH, You YK, Kim DG. Clinical analysis of
recurrent hepatocellular carcinoma after living donor liver
transplantation. Clin Transplant 2013; 27: E192-E198 [PMID:
23383956 DOI: 10.1111/ctr.12090]
Hwang S, Kim YH, Kim DK, Ahn CS, Moon DB, Kim KH, Ha
TY, Song GW, Jung DH, Kim HR, Park GC, Namgoong JM, Yoon
SY, Jung SW, Park SI, Lee SG. Resection of pulmonary metastases
from hepatocellular carcinoma following liver transplantation.
World J Surg 2012; 36: 1592-1602 [PMID: 22411088 DOI:
10.1007/s00268-012-1533-0]
Lee JO, Kim DY, Lim JH, Seo MD, Yi HG, Oh DY, Im SA,
Kim TY, Bang YJ. Palliative chemotherapy for patients with
recurrent hepatocellular carcinoma after liver transplantation. J
Gastroenterol Hepatol 2009; 24: 800-805 [PMID: 19175825 DOI:
10.1111/j.1440-1746.2008.05672.x]
Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein
L, Shankar L, Dodd L, Kaplan R, Lacombe D, Verweij J. New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer 2009; 45: 228-247 [PMID:
19097774 DOI: 10.1016/j.ejca.2008.10.026]
Kim KS, Jung HS, Choi WC, Eo WK, Cheon SH. A case of
recurred hepatocellular carcinoma refractory to doxorubicin after
liver transplantation showing response to herbal medicine product,
Rhus verniciflua Stokes extract. Integr Cancer Ther 2010; 9:
100-104 [PMID: 20308087 DOI: 10.1177/1534735409359772]
Zimmerman MA, Ghobrial RM, Tong MJ, Hiatt JR, Cameron
AM, Hong J, Busuttil RW. Recurrence of hepatocellular carcinoma
following liver transplantation: a review of preoperative and
postoperative prognostic indicators. Arch Surg 2008; 143: 182-188;
discussion 188 [PMID: 18283144 DOI: 10.1001/archsurg.2007.39]
Vagefi PA, Dodge JL, Yao FY, Roberts JP. Potential role of
the donor in hepatocellular carcinoma recurrence after liver
transplantation. Liver Transpl 2015; 21: 187-194 [PMID: 25371243
DOI: 10.1002/lt.24042]

89

90

91

92

93

94

95

96

97
98

To s o C, M en t h a G , M a jn o P. L iv er tr an s p la n tation for
hepatocellular carcinoma: five steps to prevent recurrence. Am J
Transplant 2011; 11: 2031-2035 [PMID: 21831154 DOI: 10.1111/
j.1600-6143.2011.03689.x]
Hojo M, Morimoto T, Maluccio M, Asano T, Morimoto K,
Lagman M, Shimbo T, Suthanthiran M. Cyclosporine induces
cancer progression by a cell-autonomous mechanism. Nature 1999;
397: 530-534 [PMID: 10028970 DOI: 10.1038/17401]
Vivarelli M, Cucchetti A, Piscaglia F, La Barba G, Bolondi
L, Cavallari A, Pinna AD. Analysis of risk factors for tumor
recurrence after liver transplantation for hepatocellular carcinoma:
key role of immunosuppression. Liver Transpl 2005; 11: 497-503
[PMID: 15838913 DOI: 10.1002/lt.20391]
Chinnakotla S, Davis GL, Vasani S, Kim P, Tomiyama K,
Sanchez E, Onaca N, Goldstein R, Levy M, Klintmalm GB. Impact
of sirolimus on the recurrence of hepatocellular carcinoma after
liver transplantation. Liver Transpl 2009; 15: 1834-1842 [PMID:
19938137 DOI: 10.1002/lt.21953]
Toso C, Merani S, Bigam DL, Shapiro AM, Kneteman NM.
Sirolimus-based immunosuppression is associated with increased
survival after liver transplantation for hepatocellular carcinoma.
Hepatology 2010; 51: 1237-1243 [PMID: 20187107 DOI: 10.1002/
hep.23437]
Trevisani F, Garuti F, Cucchetti A, Lenzi B, Bernardi M. De novo
hepatocellular carcinoma of liver allograft: a neglected issue.
Cancer Lett 2015; 357: 47-54 [PMID: 25444925 DOI: 10.1016/
j.canlet.2014.11.032]
Mancuso A, Mazzarelli C, Perricone G, Zavaglia C. Sorafenib
efficacy for treatment of HCC recurrence after liver transplantation
is an open issue. J Hepatol 2014; 60: 681 [PMID: 24216445 DOI:
10.1016/j.jhep.2013.10.030]
Vivarelli M, Dazzi A, Zanello M, Cucchetti A, Cescon M,
Ravaioli M, Del Gaudio M, Lauro A, Grazi GL, Pinna AD. Effect
of different immunosuppressive schedules on recurrence-free
survival after liver transplantation for hepatocellular carcinoma.
Transplantation 2010; 89: 227-231 [PMID: 20098287 DOI:
10.1097/TP.0b013e3181c3c540]
Soll C, Clavien PA. Inhibition of mammalian target of rapamycin:
two goals with one shot? J Hepatol 2011; 54: 182-183 [PMID:
20952085 DOI: 10.1016/j.jhep.2010.07.049]
Toso C, Mentha G, Majno P. Integrating sorafenib into an
algorithm for the management of post-transplant hepatocellular
carcinoma recurrence. J Hepatol 2013; 59: 3-5 [PMID: 23567081
DOI: 10.1016/j.jhep.2013.03.029]
P- Reviewer: He ST, Kapoor S S- Editor: Ji FF
L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

11198

October 21, 2015|Volume 21|Issue 39|

World J Gastroenterol 2015 October 21; 21(39): 11199-11204
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i39.11199

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Case report of primary splenic angiosarcoma with hepatic
metastases
Fang Chen, Hai-Feng Jin, Yi-Hong Fan, Li-Jun Cai, Zhuo-Yi Zhang, Bin Lv
Fang Chen, Hai-Feng Jin, Yi-Hong Fan, Li-Jun Cai, Bin Lv,
Department of Gastroenterology, The First Affiliated Hospital
of Zhejiang Chinese Medical University, Hangzhou 310006,
Zhejiang Province, China
Zhuo-Yi Zhang, Department of Emergency, The First Affiliated
Hospital of Zhejiang Chinese Medical University, Hangzhou
310006, Zhejiang Province, China
Author contributions: Chen F, Jin HF and Fan YH designed the
report; Cai LJ and Zhang ZY collected the patient’s clinical data;
Lv B contributed to revising the manuscript; Chen F and Jin HF
wrote the paper.
Supported by Department of Gastroenterology, the First
Affiliated Hospital of Zhejiang Chinese Medical University,
Hangzhou, Zhejiang Province, China.
Institutional review board statement: The patient in the
case report deceased within 4 weeks of admission to hospital.
She was therefore unable to consent to this, but her daughter
is available to consent. The case has been discussed with the
most senior member of staff in charge of the patient’s care
who has given consent for this, and consent was obtained for
use of accompanying radiological images from the consultant
radiologist. The study was reviewed and approved by the First
Affiliated Hospital of Zhejiang Chinese Medical University
Institutional Review Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to
enrollment.
Conflict-of-interest statement: We declare that we have no
financial or personal relationships with other individuals or
organizations that would inappropriately influence our work.
There is no professional or other personal interest of any nature
in any product or service.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on

WJG|www.wjgnet.com

different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Yi-Hong Fan, MD, Department of
Gastroenterology, The First Affiliated Hospital of Zhejiang
Chinese Medical University, No. 54 Youdian Road, Hangzhou
310006, Zhejiang Province, China. yhfansjr@163.com
Telephone: +86-571-86620285
Fax: +86-571-86620281
Received: March 30, 2015
Peer-review started: March 31, 2015
First decision: June 2, 2015
Revised: June 29, 2015
Accepted: August 30, 2015
Article in press: August 30, 2015
Published online: October 21, 2015

Abstract
Primary splenic angiosarcoma (PSA) is the most unusual
type of malignancy with early multifocal metastasis
through hematogenous spread. PSA is generally
believed to originate from splenic sinusoidal vascular
endothelium with a high rate of metastasis and to
have a poor prognosis. Its etiology and pathogenetic
mechanisms have not yet been clearly described. Thus
far, only approximately 200 cases have been reported.
PSA has variable symptomatology with the potential
to present with life-threatening complications. The
diagnosis of PSA is challenging; and often late. PSA
should be considered in the differential diagnosis of
patients with splenomegaly and anemia of unknown
etiology. Surgical treatment with splenectomy is
considered the only curative intervention for potential
long-term disease-free survival. Early diagnosis and
treatment are very important. It is important that clinical
doctors improve the understanding of PSA. Herein, we
report one rare case of PSA with hepatic metastases,
along with a review of the current literature.
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Core tip: Primary splenic angiosarcoma (PSA) is an
aggressive malignancy with poor prognosis. It has
variable symptomatology with the potential to present
with life-threatening complications. Its etiology has not
yet been established, and its clinical presentation may
confuse even experienced physicians. Early diagnosis
and treatment are very important. It is important
that clinical doctors improve the understanding of
PSA. Herein, we report one rare case of PSA with
hepatic metastases, along with a review of the current
literature.
Chen F, Jin HF, Fan YH, Cai LJ, Zhang ZY, Lv B. Case report of
primary splenic angiosarcoma with hepatic metastases. World J
Gastroenterol 2015; 21(39): 11199-11204 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i39/11199.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i39.11199

INTRODUCTION
PSA is generally believed to originate from splenic
sinusoidal vascular endothelium and has a high
rate of metastasis and poor prognosis. Thus far,
only approximately 200 cases have been reported.
Primary splenic angiosarcoma (PSA) has variable
symptomatology with the potential to present with lifethreatening complications. PSA should be considered in
the differential diagnosis of patients with splenomegaly
and anemia of unknown etiology. Definitive diagnosis
of PSA is challenging and often late. Surgical
treatment with splenectomy is considered the only
curative intervention for potential long-term diseasefree survival. We report herein a rare case of PSA
with hepatic metastases and a review of the current
literature.

CASE REPORT
A 72-year-old woman presented to our emergency
services with right upper quadrant abdominal pain and
fatigue for one week. The pain was distending within
a sustainable degree lasting for one week. The patient
did not present with radiating pain or weight loss.
Physical examination was notable for mild jaundice
and hepatomegaly (5 cm below the costophrenic
margin). A 30-cm-long oblique line of old scars was
visible on the left upper quadrant. Blood work at
9
admission revealed a leukocyte count of 4.3 × 10 /L,
with 69.7% neutrophils, 19% lymphocytes, 7.9%
monocytes, 1.2% eosinophils and 2.2% basophils,
hemoglobin of 70 g/L and a platelet count of 14 ×
9
10 /L. Evidence of significant coagulopathy, with
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an D-dimer level of 50.87 mg/L and deranged liver
function (ALP 593 U/L, ALT 109 U/L, AST 163 U/L,
total bilirubin 96.7 μmol/L, direct bilirubin 67.6 μmol,
indirect bilirubin 29.1 U/L, total protein 51.40 g/L, and
albumin 27.8 g/L) was noted. Other blood examination
results, including ANA, ANCA and tumor markers
(CA-199, AFP and CEA), were normal. Imaging
studies at admission including abdominal computed
tomography (CT) (Figure 1) and magnetic resonance
imaging (MRI) (Figure 2) demonstrated obvious
hepatomegaly with multiple liver nodules and loss
of the spleen. The radiological differential diagnosis
included hematological system diseases, such as
lymphoma and metastatic carcinoma. A subsequent
bone marrow biopsy indicated poor platelet production
by megakaryocytes. From her medical history,
splenectomy and resection of a left liver tumor after
trauma 2 mo previously in another hospital were
significant to the diagnosis. Preoperative abdominal CT
revealed a massive splenomegaly with hemorrhage,
whereas the liver did not exhibit any abnorma
lity. Postoperative pathological findings indicated
splenic littoral cell angioma and hepatic cavernous
hemangioma. We believed that the multiple nodules
of the liver were related to the previous surgery. To
confirm the diagnosis, we conducted a multidisciplinary
case discussion and rechecked the postoperative
pathological section. Histology showed spindled
vascular proliferation and area of necrosis (Figure 3). A
primary splenic angiosarcoma and hepatic cavernous
hemangioma were detected. Immunohistochemical
staining of the spleen showed that the lesion was
positive for CD31, CD34, F8, and Vim, partially
positive for CD68 and CD8, and negative for P53,
SMA and CK. The Ki67 index was 20% higher than
normal. Postoperative thrombosis, which expended
platelets, could explain the thrombocytopenia. Due to
the patient’s thrombocytopenia, the risk of performing
a liver biopsy was extremely high. Therefore a liver
biopsy examination was not performed. Based on the
immunohistochemical staining, rapid development of
disease, clinical and radiological findings, a primary
splenic angiosarcoma with hepatic metastases was
finally diagnosed. The patient passed away within four
weeks after admission.

DISCUSSION
PSA is an aggressive malignancy with a rare incidence
of 0.14-0.23 cases per million. The half year survival
[1-3]
rate is only 20% . The mean age at presentation
ranges from 50 to 79 years, with a slight male
[1,4]
preponderance but no genetic predisposition . This
aggressive malignant neoplasm is commonly observed
in adults, but can also be observed in pediatric
[5,6]
groups . The disease was first reported in 1879, with
only 200 cases currently reported in the literature,
[7,8]
largely as isolated case reports .
The pathogenesis of this tumor remains unclear.
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Figure 1 Contrast-enhanced computed tomography images showing hepatomegaly and multiple liver nodules with slight reinforcement and spleen loss.
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Figure 2 Contrast-enhanced abdominal MR + MRCP showing hepatomegaly and multiple liver nodules without any reinforcement.

For every type of angiosarcoma, thorium dioxide, vinyl
chloride, arsenic and chemotherapy for lymphoma
[7,9]
or radiation therapy for other malignancies
have
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been considered as causative factors. However, no
clear relationship between these factors and splenic
angiosarcoma has been established. Benign splenic
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Figure 3 Histological chrematistics of angiosarcoma. A: Histological analysis showing spindled vascular proliferation and area of necrosis (HE staining, × 200);
B: Histological analysis showing atypical spindle cells with few mitotic figures (HE staining, × 400); C: Immunohistochemical analysis showing the lesion stained
positively for CD31 (× 400); D: Immunohistochemical analysis showing the lesion stained positively for F8 (× 400).

tumors, such as hemangiomas or hemangioendothe
liomas, may act as a precursor to splenic angiosar
[10,11]
coma
. However, there is no evidence that these
factors were involved in this patient.
Clinical presentation is nonspecific and may vary
from asymptomatic diseases revealed by investigations
for unrelated reasons to splenic rupture and lethal
[12-14]
hemorrhage
. Over 75% of patients presented with
[15]
left upper abdominal pain in one series , making it
one of the most common presenting symptoms. Other
possible complaints include fatigue, anorexia, and
weight loss. High temperature, as an associated finding,
has been observed in nearly 10% of PSA patients. On
physical examination, in addition to splenomegaly as the
[7,16]
most consistent sign
, hepatomegaly and a palpable
left upper quadrant mass can often be revealed. Blood
anomalies, such as anemia and thrombocytopenia,
[17]
are the most common laboratory abnormalities ,
as in our case, but schistocytes and echinocytes are
[18]
also common . Spontaneous splenic rupture is
observed in 13%-32% of patients presenting with acute
[4]
abdominal pain . In our case, the patient underwent
a splenectomy for traumatic rupture and presented
hepatic metastatic cancer as the first manifestation. We
considered postoperative thrombosis as the cause of
her thrombocytopenia.
Traumatic rupture of angiosarcoma in the spleen
is associated with the worst prognosis, with an
immediate risk of death from hypovolemic shock and
disseminated intravascular coagulopathy. Furthermore,
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it increases the risk of peritoneal dissemination
and hematogenous spread. Reported rates of me
[4,7,19]
tastasis range from 69%-100%
. Further, the
postoperative metastasis rate remains high. Similar to
other forms of angiosarcomas, splenic angiosarcoma
commonly has early multifocal metastasis through
[20-22]
hematogenous spread
. Metastasis has been
reported by hematogenous routing to the liver, lung,
[23,24]
lymph nodes, bone and ovaries
. In our case, the
previous surgery may have accelerated the metastasis,
which led to the deterioration.
Imaging modalities are useful for establishing a
splenomegaly diagnosis, but are not the determinants
of a diagnosis. Specifically, ultrasound, CT and MRI all
display supportive evidence of splenomegaly; the most
common findings on ultrasound are solitary or multiple,
solid and cystic mass lesions with heterogeneous
echotexture. On CT imaging, splenic enlargement in
the presence of a heterogeneous mass is observed in
[25,26]
60% of cases
. Contrast CT scanning may reveal
non-enhanced areas due to necrosis or enhancement
with a blush suggesting active bleeding. There may also
be punctuate or widespread calcification. CT imaging
is valuable for both diagnosis and acute assessment of
complications. Additionally, angiosarcomas may exhibit
peripheral or heterogeneous enhancement similar
to that of hepatic cavernous hemangiomas. On MRI,
both T1-weighted and T2-weighted images show illdefined nodular lesions with increased or decreased
signal intensity, which is related to necrosis or the

11202

October 21, 2015|Volume 21|Issue 39|

Chen F et al . Primary splenic angiosarcoma
presence of hemorrhage or fibrosis within the tumor,
[25]
respectively .
The histologic appearance and immunohisto
chemical analysis of splenic angiosarcoma may be
the gold standard for diagnosing the tumor. This
tumor had typical features of angiosarcoma, including
vasoformative architecture, highly pleomorphic tumor
cells with irregular, hyperchromatic and prominent
nucleoli, and some mitotic figures. The tumor exhibited
“biphasic” immunoreactivity for vascular and histiocytic
[5]
markers . Immunohistochemically, pathologists always
search for at least two vascular proliferation markers
(CD31, CD34, and factor Ⅷ) and at least one histiocytic
[7]
differentiation marker (lysozyme and/or CD68) .
[27]
Mark et al
found that histological appearance or
grade was not related to clinical outcome because
well-differentiated tumors can behave aggressively.
[28]
Naka et al
conducted a multivariate analysis of 55
angiosarcoma cases and found that tumor size, mode
of treatment, and mitotic count were independent
prognostic factors. Splenectomy is the preferred
[23]
treatment for localized disease. Montemayor et al
found that patients had a longer survival time if
splenectomy was performed prior to rupture compared
with after rupture (14.4 mo vs 4.4 mo). There is no
specific chemotherapeutic regimen for treating splenic
[29]
angiosarcoma. Recently, Hara et al
reported the use
of autologous peripheral blood stem cell transplantation
combined with high-dose chemotherapy in splenic
angiosarcoma. We suggest that older people may attach
great importance to the annual medical examination.
The longest survival case was a 7-year-old boy reported
by Jun-Te Hsu. The boy retained disease-free at 14.8
[30]
years after surgery .
In conclusion, primary angiosarcoma of the spleen
is an aggressive disease that often presents with
metastatic disease. Surgery is the only potentially longterm therapeutic option. Early diagnosis and treatment
are very important for prognosis. It is important that
clinical doctors improve the understanding of PSA.

Imaging diagnosis

Abdominal computed tomography and magnetic resonance imaging
demonstrated obvious hepatomegaly with multiple liver nodules and spleen
loss.

Pathological diagnosis

Immunohistochemical staining of the spleen indicated that the lesion was
positive for CD31, CD34, F8, and Vim, partially positive for CD68 and CD8, and
negative for P53, SMA and CK. The Ki67 index was 20% higher than normal.

Treatment

The patient was treated with the best supportive treatment.

Related reports

Primary splenic angiosarcoma is an aggressive malignancy with poor prognosis
and we must improve the understanding of this rare disease.

Term explanation

Immunohistochemical staining is based on antigen-antibody reactions to detect
whether there is a target antigen in cells or tissue.

Experiences and lessons

This case report presents a case of PSA to improve understanding.

Peer-review

This is a case report on primary angiosarcoma of the spleen with hepatic
metastases.
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Abstract
The role and timing of endoscopy in the setting of
acute biliary pancreatitis (ABP) is still being debated.
Despite numerous randomized trials have been
published, there is an obvious lack of consensus on
the indications and timing of endoscopic retrograde
cholangiopancreatography (ERCP) in ABP in metaanalyses and nationwide guidelines. The present
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editorial has been written to clarify the role of
endoscopy in ABP. In clinical practice the decision to
perform an ERCP is often based on biochemical and
radiological criteria despite they already have been
shown to be unreliable predictors of common bile duct
stone presence. Endoscopic ultrasonography (EUS) is
not currently a worldwide standard diagnostic procedure
early in the course of acute biliary pancreatitis, but it
has been shown to be accurate, safe and cost effective
in diagnosing biliary obstructions compared with
magnetic resonance cholangiopancreatography and
ERCP and therefore in preventing unnecessary ERCP
and its related complications. Early EUS in ABP allows,
if appropriate, immediate endoscopic treatment and
significant spare of unnecessary operative procedures
thus reducing possible related complications.
Key words: Acute biliary pancreatitis; Choledocolithiasis;
Common bile duct stone; Endoscopic retrograde cho
langiography; Endoscopic ultrasonography; Endoscopic
ultrasonography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although several reports have been published
on role and timing of endoscopy in the treatment of
acute biliary pancreatitis (ABP), there are still some
controversial in this subject. In clinical practice the
decision to perform an endoscopic retrograde cho
langiopancreatography is often based on biochemical
and radiological criteria despite they already have
been shown to be unreliable predictors of common
bile duct (CBD) stone presence. Both magnetic
resonance cholangiopancreatography and endoscopic
ultrasonography (EUS) are now indicated as the
best noninvasive imaging methods for CBD stone
detection. Early EUS in ABP allows, if appropriate,
immediate endoscopic treatment and significant spare
of unnecessary operative procedures thus reducing
possible related complications.
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The role and timing of endoscopy in the setting of
acute biliary pancreatitis (ABP) is still being debated. A
[1]
recent systematic review by van Geenen et al clearly
demonstrated that, despite numerous randomized
trials, there is an obvious lack of consensus on the
indications and timing of endoscopic retrograde
cholangiopancreatography (ERCP) in ABP in metaanalyses and nationwide guidelines. Although the
indication of early (within 24-48 h) ERCP with
papillosphincterotomy for patients with ABP and
[2,3]
related cholangitis is well established , its role in
cases of either mild or severe ABP, without signs of
cholangitis, remains controversial.
Biliary pancreatitis results from the migration
of a gallstone to the common bile duct (CBD) with
impaction or temporary obstruction of the major
[2]
duodenal papilla . Most ABP attacks are not severe,
are self-limiting, and improve with conservative
[4]
management . Spontaneous passage of CBD
stones in the duodenum has been described in up
[5,6]
to 50% of cases of ABP . However, conservative
management of these patients is associated with a
biliary complication rate of up to 20%. In such cases,
ERCP is delayed and may be performed under possibly
more difficult conditions, thus increasing the failure
[7,8]
rate . Moreover, without definitive treatment, the
risk of a recurrent attack within the next several
[9,10]
months is about 30%-50%
. Even after a mild
attack, cholecystectomy and/or biliary sphincterotomy
[11]
should be considered within weeks . In a large
[12]
retrospective study, Nguyen et al demonstrated that
hospital readmission rates for ABP within 12 mo were
significantly reduced with cholecystectomy (14.0% vs
5.6%) or ERCP (13.1% vs 5.1%).
In clinical practice, the decision to perform early
ERCP is often based on biochemical and radiological
criteria, such as the presence of cholestatic liver
biochemistry and a dilated CBD. Nevertheless, studies
have shown that commonly used biochemical and
radiological predictors of the presence of CBD stones
[13]
in patients with ABP are unreliable . Even with
the application of various clinical predictors, only
37%-42% of patients undergoing ERCP were found to
[14,15]
have CBD stones
.
The rate of complications after therapeutic ERCP
ranges from 7% to 10% and the mortality rate from
[16,17]
0.2% to 2.2%
. Therefore, accurate prediction of
CBD stones is warranted to select patients for early
therapeutic ERCP. Other noninvasive (or minimally
invasive) imaging techniques such as endoscopic
ultrasonography (EUS) and magnetic resonance
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cholangiopancreatography (MRCP) have been used
to select patients for therapeutic ERCP to minimize
the risk of complications associated with unnecessary
diagnostic ERCPs. Both EUS and MRCP have been
conﬁrmed in meta-analyses to be highly accurate
[18,19]
for the diagnosis of CBD stones
, with similar
sensibility, specificity, accuracy, negative predictive
value, and positive predictive value for detection of
[20]
CBD stone .
In case of ABP without signs of cholangitis, the
[21]
American guidelines
suggest performing EUS or
MRCP prior to ERCP depending on the local expertise
and facilities. Although MRCP also provides excellent
imaging of the biliary tree, EUS is more accurate
in the detection of small stones (< 5 mm), which
are responsible for at least half of all cases of acute
pancreatitis, and is better for visualizing microlithiasis
[21]
of the gallbladder . Indeed, despite the fact that
most stones pass spontaneously, establishing a biliary
etiology is extremely important because there is a
high risk of recurrent pancreatitis (33%-60%) if the
[22-24]
gallstone disease is not treated
.
The relative sensitivity of MRCP and EUS for the
detection of CBD stones use as a reference standard
the extraction of CBD stones after endoscopic
[25]
sphincterotomy during ERCP . However, it is well
known that small stones can be missed even during
therapeutic ERCP. Therefore, EUS has recently been
proposed as the new gold standard in the diagnosis of
[26]
choledocholithiasis .
[27]
In 2001, Scheiman et al prospectively compared
the clinical efficacies of EUS and MRCP when
performed within 24 h before ERCP in patients with
biliary disease. They reported that although MRCP
had the lowest procedural reimbursement, the initial
EUS strategy had the greatest cost utility by avoiding
unnecessary ERCP examinations. Thus, the selection
of endoscopic treatment based on EUS may eventually
impact the treatment of ABP and provide greater
safety for the patients, as well as more rational use of
[28]
healthcare resources . A preliminary EUS may help
in decision-making: if a stone is present, ERCP with
extraction can be performed in the same endoscopic
session, whereas if no stone is found, the patient can
be spared the added risk. This stepwise strategy has
been shown to help avoid unnecessary ERCP in most
[29]
patients .
Certainly, either EUS or MRCP can be chosen
[30]
based on local availability . Postponing treatment for
symptomatic CBD stones exposes the patient to biliary
[31]
complication, especially cholangitis . Moreover, in a
2008 editorial on gastrointestinal endoscopy, Savides
noted that even if MRCP reveals a CBD stone, it is
still worth considering an EUS immediately before
the ERCP because approximately 21% of CBD stones
(especially those < 8 mm) can pass spontaneously,
which could occur in the interval between MRCP
[5,32]
and ERCP
. In many centers and in real-life
practice, timing and availability of MRCP precludes its
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acceptability as a method for determining the need for
prompt ERCP, whereas EUS is more readily accessible.
EUS is not currently a worldwide standard diag
nostic procedure early in the course of ABP, but
because of its accuracy, safety, and cost effectiveness
in diagnosing biliary obstructions compared with MRCP
and ERCP, we think it should be considered as the first
choice in approaching ABP. EUS is also a preferable
diagnostic choice because it can be performed at the
bed side of the patient, which is especially relevant
for patients in an ICU. An early (within 24-48 h) EUS
can easily and quickly categorize those patients who
do not require subsequent therapeutic ERCP, thus
allowing even an early discharge in select cases, which
is important in terms of cost effectiveness.
EUS and MRCP are now considered alternative
noninvasive methods for evaluating biliary obstruction,
and guidelines suggest performing one or the
other prior to therapeutic ERCP depending on local
availability. However, we think it is important to have
a more rational use of healthcare resources while
trying to follow the best clinical practice, rather than
mainly adapting our practice to the resources available
locally. Ideally, we should aim to have an integrated
gastroenterology unit that can manage CBD stones
by a combined, simultaneous two-step approach, and
gastroenterologists responsible for ERCP should be
[33]
trained in EUS and vice versa .
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Endoscopic submucosal dissection (ESD) has been
invented in Japan to provide resection for cure of early
cancer in the gastrointestinal tract. Professional level
of ESD requires excellent staging of early neoplasias
with image enhanced endoscopy (IEE) to make correct
indications for ESD, and high skills in endoscopic
electrosurgical dissection. In Japan, endodiagnostic
and endosurgical excellence spread through personal
tutoring of skilled endoscopists by the inventors and
experts in IEE and ESD. To translocate this expertise
to other continents must overcome two fundamental
obstacles: (1) inadequate expectations as to the
complexity of IEE and ESD; and (2) lack of suitable
lesions and master-mentors for ESD trainees. Leading
endoscopic mucosal resection-proficient endoscopists
must pioneer themselves through the long learning
curve to proficient ESD experts. Major referral centers
for ESD must arise in Western countries on comparable
professional level as in Japan. In the second stage, the
upcoming Western experts must commit themselves to
teach skilled endoscopists from other referral centers,
in order to spread ESD in Western countries. Respect
for patients with early gastrointestinal cancer asks
for best efforts to learn endoscopic categorization of
early neoplasias and skills for ESD based on sustained
cooperation with the masters in Japan. The strategy is
discussed here.
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Core tip: Endoscopic submucosal dissection (ESD)
was developed in Japan for curative resection of early
cancer. But Western countries take very long without
tutoring to establish ESD on a professional level. A
two-fold, sequential learning curve is necessary for
endoscopic staging, and for endoluminal surgery of
early neoplasias. This will need a sequential strategy:
(1) education for diagnostic skills in routine endoscopy
and in educational programs; and (2) endoscopists
proficient in endoscopic snaring techniques must
train for ESD and pass an untutored learning curve to
become proficient. Then, Western ESD experts must
instruct endoscopists from referral centers in their
country.
Oyama T, Yahagi N, Ponchon T, Kiesslich T, Berr F. How to
establish endoscopic submucosal dissection in Western countries.
World J Gastroenterol 2015; 21(40): 11209-11220 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i40/11209.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i40.11209

INTRODUCTION
Endoscopic submucosal dissection (ESD) using
electroknives was developed in Japan for curative
en-bloc resection of early gastric cancer without risk
[1,2]
of lymph node metastasis (LNM) . Cancer of the
gastrointestinal (GI) tract only is curable by resection.
The obvious advantage of ESD over endoscopic
mucosal resection (EMR) by electrosnaring is the ability
to achieve en-bloc resection of even extended early
neoplasias yielding accurate histological diagnosis and
[3]
minimal recurrence rate . EMR of larger lesions (> 2
cm) results in few or multiple pieces (piecemeal, PM),
indeterminate histological resection status and high
[3]
recurrence rate . In contrast to surgery, ESD leaves
the GI tract intact preserving the patient´s quality of
[4-6]
life .
The decision for ESD or surgical full-wall resection
with lymphadenectomy - is made by endoscopic
staging of superficial gastrointestinal neoplasias
using image-enhanced endoscopy (IEE, magnifying
[6,7]
chromo- or NBI-endoscopy) . Therefore, endoscopic
findings describe the classical and expanded indication
[4,8-16]
criteria for curative ESD (intention-to-treat)
(Table 1) that aim for curative resection by histologic
[17]
outcome
(Table 2). Before resection, the neoplasia

WJG|www.wjgnet.com

is usually confirmed by just a single targeted biopsy.
Classical and Expanded Indications in Stomach and
Esophagus, and Indications in Colorectum have been
[1,8,10-14,16]
defined
, evaluated by curative resection rates
[18-23]
> 80%
, and confirmed by excellent recurrencefree 3- to 5-years survival rates (> 96%) in large
ESD studies performed by proficient operators in
18,23-30]
Japan
. ESD has replaced EMR throughout Japan
as state-of-the-art therapy for a wide spectrum of
pre-/malignant early neoplasias in stomach, esophagus
[3]
and colorectum .
ESD technique has rapidly spread throughout
Japan, because EMR-experienced endoscopists
acquired the skills in clinical procedures under
supervision by ESD experts and had a high case load
[31]
of gastric neoplasias most suitable for learners .
The goal of the early learning curve is to achieve
competence level, as defined by en-bloc resections
in > 80% and complications in less than 10% of ESD
[31]
procedures , qualifying to perform untutored ESD
procedures. A skilled and well prepared endoscopist
usually attains competence for gastric ESD after
[31-34]
approximately 30 tutored procedures
, and
then proceeds with 30 to 40 tutored procedures for
[35-38]
competence in colorectal ESD
. Even without
experience in gastric ESD, about 40 tutored colorectal
procedures are sufficient to attain competence level for
[35-37]
colorectal ESD
.
The ESD technique is quite slowly transferred to
Western countries, because they must acquire double
expertise - diagnostic and electrosurgical - and early
gastric neoplasias most suitable for learning ESD
[31,39]
are too rare
. A systematic strategy (Figure 1) to
establish proficient ESD in Western countries needs
to build on Western experience the main topics Preparations for and Training in ESD, Clinical Learning
Curve in ESD, and Continued Medical Education in IEE
and ESD.

Western Experience in ESD
Over the past six years smaller prospective series
were published from pioneering centers in Western
countries. There were few preliminary reports without
long-term outcome on heterogenous initial series from
[40-43]
single centers
or cumulative multiinstitutional
[44,45]
registries
. The prospective series with follow[46-51]
[52-57]
up on gastric
, esophageal
, and colorectal
[38,58-61]
ESD
all focussed on rate of en-bloc resection
[median 92% (range 68%-100%)], complications
[median 13% (7%-27%)] and speed of dissection.
These series reported only moderately lower rates of
en-bloc resection [median 92% (68%-100%)] and
recurrence-free survival [median 96.7% (91%-100%)]
at 1-2 years than in Japan. However, rates of curative
resection were inferior, median 72%-75% per organ,
but lowest rates per study were 64% for gastric
cancer, 46% for esophageal squamous cell cancer,
39% for early Barrett adenocarcinoma, and 7%
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Table 1 Indications for endoscopic en-bloc resection of gastrointestinal neoplasias (modified from )
Organ

Indications for …

Stomach

ESD - classical indications1
mucosal adenocarcinoma; intestinal type G1 or G2, size d ≤ 2 cm, no ulcer
ESD - expanded indications2
adenocarcinoma, intestinal type, G1 or G2, any size without ulcer/adenocarcinoma, intestinal type, G1 or
G2, sm-invasive < 500 μm/adenocarcinoma, intestinal type, G1 or G2, d ≤ 3 cm, with ulcer/adenocarcinoma
diffuse type, G3 or G4, size d ≤ 2 cm, no ulcer
ESD - classical indications1
SCC type 0-Ⅱb (HGIN or G1, G2), intramucosal (m1, m2), any size
Barrett adenoca. type 0-Ⅱ (G1, G2), intramucosal (m1, LPM), no ulcer
ESD - expanded indications2
SCC type 0-Ⅱ (HGIN, G1, G2) slightly invasive (m3, sm < 200 μm), any size3, clinical N 0
Barrett adenocarcinoma type 0-Ⅱ (HGIN or G1, G2), mucosal (≤ MM), clinical N 0
ESD Indications
Any neoplasias > 20 mm in diameter without signs of deep submucosal invasion, indicative for en-bloc
resection and unsuitable for EMR en-bloc:
LST-granular type d ≥ 4 cm (villous adenoma +/- HGIN)4
LST-nongranular type d ≥ 2 cm
Mucosal carcinoma (HGIN, G1 or G2), or superficially sm-invasive5
Depressed-type neoplasias (0-Ⅱc)
Neoplasias type 0-Ⅰ or 0-Ⅱ with pit pattern type VI (irregular)
Sporadic localized neoplasias in chronic ulcerative colitis
Colorectal carcinoids of diameter < 20 mm (EMR, when diameter < 10 mm)

Esophagus

Colorectum

Ref.
[1,4,5,13]

[5,8,9,12,14,15]

[5,10,11,16,64]

1

indications with risk of LNM < 1%; 2indications with risk of LNM or systemic M < 4%; 3increased risk for stricture formation, when ESD extends for ≥
70% of circumference; 4LST-granular type may also be resected in piecemeal fashion, the larger nodule resected first[10]; 5SM1 invasion of ≤ 1000 μm. LNM:
lymph node metastasis; ESD: Endoscopic submucosal dissection.

the learning curve for ESD still is flat even in the
pioneering Western centers and performance not yet
on the professional level of leading centers in Japan.
The strategy must be to establish Western reference
centers on comparable professional level as in Japan
(Figure 1).

Table 2 Criteria of curative endoscopic resection en-bloc in
[17]
esophagus, stomach, and colorectum (modified from )
Stomach
Guideline criteria1
m-ca, diff. type, ly (-), v (-), and Ul (-) and ≤ 2 cm in size
Expanded criteria2
m-ca, diff. type, ly (-), v (-), Ul (-) and any size > 2 cm
m-ca, diff. type, ly (-), v (-), Ul (+) and ≤ 3 cm in size
sm 1-ca (invasion depth < 500 μm3), diff. type, ly (-), v (-)
m-ca, undifferentiated type (G3), ly (-), v (-), Ul (-) and size < 2 cm
Esophagus (squamous lesions only)
Guideline criteria1
pT1a-EP-ca/pT1a-LPM-ca
Expanded criteria2
pT1a-MM-ca, ly (-), v (-), diff. type, expansive growth, ly (-), v (-)
cT1b-sm-ca (invasion < 200 μm3), ly (-), v (-), infiltrative growth
pattern, expansive, diff. type, ly (-), v (-)
Colorectum
Guideline criteria1
m-ca, diff. type, ly (-), v (-)
sm-ca (< 1000 μm3), diff. type, ly (-), v (-)

Background and Preparations
for Learning ESD

1

indications with risk of LNM < 1%; 2indications with risk of LNM or
systemic M < 4%; 3measured as distance of maximum vertical invasion
below MM. m: Mucosal; ca: Cancer; diff: Differentiated; ly: Lymphatic
invasion; v: Vascular invasion; Ul: Ulceration; sm: Submucosal; EP:
Epithelium; LPM: Lamina propria mucosae; MM: Muscularis mucosae.

for rectosigmoidal cancer (Table 3). During tumor
staging with IEE, lateral extension of early Barrett´s
adenocarcinoma and invasiveness of esophageal
squamous cell cancer and rectosigmoidal cancer had
obviously been underdiagnosed. Accordingly, the
rate of surgical resection for noncurative ESD was
too high, median 8% and up to 28%. In general,
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Indications for ESD are pre/malignant superficial
neoplasias without LNM. The risk of regional LNM
rises from less than 5% to about 20% with increasing
depth of vertical invasion into the submucosa (sm)
layer, because lymphovascular supply increases
[1,62,63]
deeper in the sm layer (sm2, sm3)
. Usual plane
of dissection for ESD is the deeper third of the sm
[17]
layer (sm3) . Therefore, the probability of LNM has
been determined in relation to the precise depth of sm
invasion below the muscularis mucosae in very large
series of differentiated early cancer (G1, G2) treated
by surgical resection and lymphadenectomy. The
maximum depth of superficial sm invasion consistent
with minimum risk (< 4%) of lymph node metastasis
is 500 µm in stomach, 1000 µm in colorectum, and
200 µm for esophageal squamous cell cancer with
[1,8,13,64]
favourable prognostic indicators
. Evidence
for massive sm invasion - deeper than this - is strict
contraindication to endoscopic resection. Curative
resection is reported when early cancer resected enbloc reveals on serial sections differentiated carcinoma
(G1/G2) without or with such extent of superficial sm
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Curative
resect. > 80%

Reference
center

> 80
cases

Phase Ⅳ:
Skilled ESD

40-50
cases

Phase Ⅲ:
Clinical ESD

Phase Ⅱ:
Preparatory training

Phase Ⅰ:
Planning

Basic preconditions

Clinical teaching of ESD for EMR endoscopists (without in-vivo experiments)
Teaching IEE diagnosis of early neoplasias

CME on ESD Clinical Tutoring or ESD Observation in Expert Center
Self-training → ESD proficiency (en-bloc ≥ 90%, complicat. ≤ 5%, speed ≥ 9 cm²/h)

ESD competence (resection en-bloc > 80%, complications < 10%)
Continuous recording of all ESD (on DVD, error analysis) and ESD outcome
Untutored Learning Curve, mainly prevalence-based (Table 4)
Observation of LIVE ESD by experts (gastric/colorectal/esophageal)
Experimental in-vivo training course under expert teaching
Ex-vivo porcine stomach/bovine colon ESD training

Structural decisions (to establish IEE and ESD, Team, Instruments, etc .)
Observation of experts during indications and performance of ESD
Theory on IEE skills, ESD methods/equipment, patient management

Endoscopic and oncologic center, EMR-experienced (senior) endoscopist

Figure 1 Strategy how to learn and establish endoscopic submucosal dissection in the west. ESD: endoscopic submucosal dissection.

invasion without discontinuous cancer cell nests at the
invasion front, without lymphovascular invasion (L0,
[65]
V0) and resected R0 with tumor-free margins (Table
2). Therefore, curative ESD depends on accurate
endoscopic categorization of early neoplasias (i.e.,
indication) as well as on dissection technique (i.e.,
operation).

Endoscopic categorization of of early neoplasias with
IEE

Analysis with IEE can estimate the tumor category of
superficial neoplasias. Optimized conditions require
adequate preparation of the patient including sedation,
cleaning of the mucosa from adherent mucus, use of
a 60- to 100-fold magnifying endoscope with distal
attachment to keep optimum distance for focussing
on the microsurface (depth of field 3 mm) and mode
for virtual chromoendoscopy (NBI, FICE, i-scan) with
[7]
optimized processor settings . Endoscopic analysis
of the microsurface and capillary pattern of mucosal
neoplasias in the GI tract is complex and requires
special knowledge recently collected in an endoscopy
[66]
atlas . The staging diagnosis is substantiated by the
type of atypias of the surface pattern on magnifying
white light chromoendoscopy, and the type of
alterations of sub-/mucosal capillary pattern using
spectral light of 415 and 540 nm wavelength (virtual
[7]
chromoendoscopy) . IEE competence is indispensible
to accurately analyze early carcinomas for grading
(differentiated vs undifferentiated), lateral extension
(margins) and extent of invasion (mucosal or slightly
vs massively sm-invasive). The details are beyond
[67-73]
the scope of this minireview (compare
). Most

WJG|www.wjgnet.com

of this knowledge has been contributed over the
past 15 years by endoscopic researchers from East
Asia, but not widely introcuced to Western countries
because comparable routine scopes for magnifying IEE
were not marketed in the West until 2013. However,
diagnostic proficiency to categorize early GI neoplasias
with IEE at > 90% accuracy is fundamental to make
correct indications for ESD vs surgery and achieve
curative ESD. This skill must be well trained during
routine endoscopy and at national continued medical
education (CME) programs in the West.

Knowledge on ESD performed by experts and structural
decisions

ESD is the new discipline of Endoluminal Surgery.
N. Yahagi called ESD a “low tech, but highly skilled
procedure” for the following reasons: (1) single
handed resection procedure by endoscope movement
(lack of countertraction); (2) complex high-frequency
electrosurgery; (3) tissue recognition and diagnosis
in intramural layers; and (4) skilled team approach
required (operator and assistant).
At this stage of Western experience, EMR-experienced
senior endoscopists in endoscopic and oncologic centers
should approach to establish ESD up to professional
level. The procedure should be learned from Japanese
experts. The first step on the individual electrosurgical
learning curve is to acquire background knowledge
on ESD procedures and carefully observe at least 15
procedures performed in different locations of the GI
tract by professional experts in Japan (Figure 1). The
following decisions must be based on this practical
experience and theoretical background highlighted
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Table 3 Organ-specific outcome of endoscopic submucosal dissection (curative intention) for Western prospective studies
Ref.

malignant neo- ESD, Resection
Resection Complications, Surgery, Mortal., Recurrence, Follow-up
6
plasia type , n
n en-bloc , % curative6, %
%
%
%
%
(med.) yr

Gastric ESD
Cardoso et al[46], 2008
GC 15
15
Catalano et al[47], 2009
GC 12
12
Probst et al[49], 2010
GC 66
91
Schumacher et al[50], 2012
GC 21
28
Pimentel-Nunes et al[51], 2014
GC 128
136
median [range]
Esophageal ESD
Repici et al[52], 2010
SCC 20
20
Neuhaus et al[53], 2012
AC 26
29
Arantes et al[54], 2012
AC 25
25
Höbel et al[56], 2014
AC 22
22
Chevaux et al[55], 2015
AC and HG 66 73
Probst et al[57], 2015
AC 87
87
Probst et al[57], 2015
SCC 24
24
median [range]
Colorectal ESD
Probst et al[59], 2012
Rectosigm. LST 76
14 CRC
Iacopini et al[58], 2012
Colorectal LST 60
29 CRC
Repici et al[60], 2013
Rectal LST
40
8 RC
Thorlacius et al[61], 2013
Colorectal LST 29
10 HG and
CRC
Berr et al[38], 2014
Colorectal LST 39
12 HG
median [range]

80
92
87
90
94
90 [80-94]

74
92
72
64
82
73 [64-92]

20
16
10.6
20
13
15 [11-20]

8
8
11
7
7
8 [7-11]

0
0
0
3.4
0
0 [3.4]

8
8
5.6
11
7
8 [5-11]

100
90
92
96
90
95
100
95 [90-100]

90
39
80
77
64
72 (844)
46 (724)
72 [39-90]

15
17
12
27
7 (+603)
12.6
12.6
16 [12-66]

10
0
4
23
10
6
0
6 [0-23]

0
0
0
0
0 (31)
0 (21)
0 (41)
0 [0-4]

0
4
8
6
(105)
5
4
4 [0-8]

82
86
68

7
72
75
76
80

9.2

15
(792)
20
(282)
5
(252)
10
(202)

0

n.g.
0
n.g.

0

3
(02)
10 [3-20]

0

90
72

76
83
83 [72-90]

10
n.g.
7.5
n.g.
10

83
75 [7-83]

17
10 [7.5-17]

0
0

0

1
2.5
2.3
2
3.2
2.3 [1-3]

DFS,
%/yr
91/1
92/2
96.7/2
100/2
100/3
97 [91-100]/2

1.5
100/1.5
1.5
96/1.5
1.5
96/1.5
1.6
94/1.6
1.8
92/2
2.0
98/2
3.2
96/3
1.6 [1.5-3.2] 96 [94-100]/2
2.0

100/2

n.g.

n.g.

0.5

100/0.5

n.g.

< 0.5

n.g.

LG 9
HG 0
8 [2.5-9]

1.5

100/1.5
100/1.5
100/1.5

2.5

1.5 [0.5-2]

1

rate (%) due to cancer progression; 2surgery (%) for malignant lesion after ESD; 3plus stenoses (%); 4rate (%) of R0 resection; 5metachronous HGIN or
cancer; 6Curative resection does only apply for malignant neoplasias (cancer -/+ HGIN). AC: Adenocarcinoma; CRC: Colorectal carcinoma; GC: Gastric
cancer; HG/LG: High/low-grade intraepithelial neoplasia; RC: Rectal carcinoma; SCC: Squamous cell cancer; DFS: Disease-free survival rate; n.g.: Not
given; pmEMR: Piecemeal EMR.

[74]

in a recent textbook : (a) The principal decision,
whether to establish IEE and ESD competence in this
hospital depending on existing experience with EMR and
complication management, and on predicted case load
(> 2 per month); (b) The subsequent decisions, how
to assemble a team (operator, assistants, pathologist),
select and provide best suitable equipment (special
endoscopes with CO2-insufflation and electrosurgical
unit), instruments and devices, organize top main
tenance of endoscopes, and finally which type(s) of
[75]
electroknife to use for start-up . Beginners most easily
control tip knives with flexible shaft (dual knife, hook
knife) that use for lifting of the submucosa (sm) layer
separate sm-injection of suitable solutions with a 25
[74]
gauge needle . In the beginning this is less challenging
than knives with integrated injection system (flush
knife or hybrid knife), for the simple reason to control
only three pedals for water jet, cutting and coagulation
modes, but not an additional pedal for sm-injection
via knife. On the other hand, knives with integrated
injection system allow to maintain a safer, permament
submucosal liquid cushion by frequent reinjection. At
this point, accurate staging of neoplasias with IEE and
thorough theoretical knowledge of ESD technique,
equipment, complications and their management must
be attained.
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Western Demand for Training in
ESD
Ex-vivo training systems should first be used to
acquire team coordination (operator and assistant)
and basic dexterity for proper positioning of the scope
in relation to the lesion, correct maneuvres of sminjection, marginal incisions, submucosal access with
the transparent distal attachment of the scope for
sm-dissection, and electrothermal knife techniques adequate current modes (“cut, coagulation, blended”),
impulse duration, voltage and Watt settings, correct
[76-79]
short duration of application by pedal tap
.
Approach to the lifted lesion is preferably in knife
position tangential to the proper muscle layer. Avoid
to cut in perpendicular position to proper muscle
layer or haustral folds, in order to prevent inadvertent
muscle layer perforation. Train how to use the effect
of gravity to keep the vision field clear and facilitate
access to the submucosal space for further dissection.
Basic dissection strategies such as initial complete
circumferential incision (icci), partial circumferential
[6,74]
incision method (pci, to longer maintain sm-lifting)
,
[80]
and hybrid-ESD-snaring
should be practiced, as
well as clip closure techniques of the resection bed for
[81]
complication management . Thorough preparation
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Figure 2 Distribution of reference centers with interventional endoscopists participating in the seven experimental endoscopic submucosal dissection
workshops [red flags, n = 110, (30 two times)] and in the Clinical endoscopic submucosal dissection-Tutorings (blue flags, n = 51, repeatedly). Additional
participants in workshops and clinical tutoring from Jerusalem, Amman and Cairo, respectively. Created with www.google.com/maps.

of basic ESD techniques in ex-vivo systems - porcine
[82-84]
stomach and esophagus and bovine colon
contributes significantly to coordinated team work and
training in individual ESD performance, and 20 to 30
procedures under preceptorship are sufficient to gain
[31,83,85,86]
expertise
.
Videotraining demonstrating typical high-risk
maneuvers that have led to perforation or bleeding
- compared to the correct strategy in that situation could decrease complications during the early learning
curve for untutored performance of clinical ESD,
however is not yet available.

Experimental training in-vivo under expert supervision

In Western countries, training courses on in-vivo
animal models generate additional progress after ex[83,87-89]
vivo training
. Essential for optimal educational
value is the expertise and teaching of the preceptors.
For transition from ex-vivo training to clinical ESD, we
recommend experimental training in-vivo - at least
five gastric ESDs - under preceptorship of Japanese
experts. This had been proposed in 2008 by T. OYAMA,
because Japanese experts were not authorized to
tutor trainees during ESD on patients in Western
countries. After the first such expert training course in
2009, about two thirds of the participants increased
their case load in gastric ESD (2.5-fold), colorectal
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ESD (3-fold), and esophageal ESD (8-fold) during the
subsequent year at an acceptable rate of complications
(9.7% perforations, 4.2% bleedings) without longterm
[88]
morbidity . Aims were propagation of technical
skills, dissection maneuvers, specific electrocautery
applications, strategy to keep a clear field of vision, and
management of intentional complications (bleeding,
perforation) in theory and practice. The experimental
program and the personal tutoring by leading experts
from Japan was ranked excellent by participating
highly experienced endoscopists in their early learning
curve, and therefore the course was repeated annually
(Figure 2). Such a course is probably improving the
outcome in the early untutored learning curve for ESD.

Learning Curve in ESD in Western
Countries
Lesions suitable for initial learning of ESD must
be strictly intramucosal, of moderate size (< 5
cm diameter) and in locations technically not very
[31,90]
challenging
. Exclude any cancer with evidence
for sm-invasive parts on IEE during the early learning
curve, and avoid duodenal as well as very large
(diameter > 6 cm) or very fibrotic lesions (e.g.,
recurrent neoplasias). However, the risk of inadequate
oncological treatment due to an artefactual incomplete
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[38,91]

locations
. Such an approach has successfully
been taken after the described basic preparations and
experimental in-vivo training in gastric ESD supervised
[38,88]
by Japanese experts
.

Table 4 Principles for establishing endoscopic submucosal
[38]
dissection by an untutored learning curve (modified from )
Evaluate the lesion during prior endoscopy for ESD indication and
resection strategy
Avoid risk of any R2 resection of cancer (no signs for deep submucosal
invasion!)
Avoid high risk lesions (> 5 cm diameter, or in fornix and cardia,
duodenum, colonic flexures)
Safety comes first, procedure time of ESD is of minor importance in the
beginning
Only cut tissue or fibers in submucosa that you clearly see and have
identified
Keep the vision field clear, prevent and immediately stop bleeding
Close any perforation immediately by endoscopic clipping on expert
level
Complete any started ESD procedure with intention for safe, curative
resection
Guide personally the patient pre-ESD (informed consent) and post-ESD
(for any complication)
Only a single endoscopist per unit should do untutored ESD until he is
on competence level1
Document all entire ESD procedures on DVD recordings (for evidence
and error analysis)
Follow-up short-term and long-term (center Registry), trend in dozens

Untutored learning of ESD

1

performance of 20 consecutive ESD procedures with < 10% complications.
ESD: endoscopic submucosal dissection.

[31]

resection R1 is high during the initial learning curve ,
and may be more dangerous than minor perforation
managed well by proficient clipping. Undertreatment
(R1 resection) results in major resective surgery or
[31,90]
high risk of recurrence and incurable disease
.
Therefore, early cancer lesions in esophagus and
upper half of stomach should be reserved for proficient
endosurgeons, and not treated before the competence
[31,39]
level for that organ has been accomplished
. This
suggests that large part of untutored initial learning
for ESD may better be passed on rather challenging
adenomatous/dysplastic LST´s in the colorectum than
[38]
on early cancer in stomach or esophagus .

Strategy for untutored learning of ESD

In 2008, a panel of experts had recommended a “stepup approach” in technical challenge for untutored
[90]
learning of clinical ESD . The first 20 ESD should
be performed on neoplasias in the antrum and distal
corpus of stomach, and in rectum, before more
challenging locations are approached. This strategy
has been very successful for tutored training in ESD
in Japan, where however gastric cancer has 10 fold
higher incidence and is more often detected as early
cancer (in 70% vs 20%-30%) than in most Western
[31,39,91]
countries
. Therefore, early gastric cancer is
too rare in the West to achieve a useful case load
of at least two ESD procedures per month. This
recommendation would impede to establish ESD for
decades - to the disadvantage of GI cancer patients.
Alternatively, a “prevalence-based approach” allows
for a reasonable case load, but requires learning
ESD mainly in the colorectum and early on in difficult
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The risk of complications is highest during the
[44]
early untutored learning curve . We recommend
that only the most skilled and EMR experienced
endoscopist of the unit undertakes to establish ESD
[31,38,39]
in the early untutored learning curve
. After
rigorous theoretical and experimental preparation,
a skilled interventional endoscopist can achieve
competence level after 20 to 30 untutored ESD
procedures, and needs twice that case load (e.g., 2 x
[38,59]
25 ESD) to prove outcome for competence level
.
The outcome for untutored colorectal ESD without
[38]
significant experience in gastric ESD
was quite
similar as reported with the step-up approach by
[35,59,92]
others
. However, this should not be endeavoured
with little interventional expertise and low theoretical
background. Meticulous preparation is important for
any of those untutored ESD procedures (Table 4). In
addition, close personal contact with the patient is
essential before ESD for fully informed consent and
after ESD to monitor/treat complications and in the
long-term to detect and handle any local recurrence
or delayed complication such as stenosis. The coo
perating pathologist must receive IEE information
about suspicious areas in the oriented specimens, and
provide precise histologic work-up for tumor grading,
sm invasiveness, lymphovascular infiltration and
resection status - curative resection is critical for the
[65]
patient . Continuously register outcome quality to
evaluate the level of performance and spur to improve
[38]
ESD technique . ESD on beginning proficiency level
(en-bloc 90%, complications < 5%, curative resection
2
> 80%, speed about 9 cm /h) requires more than
[31,35,85,93]
100 self-completed procedures
and continued
education by and feed-back with top experts.

Continued Medical Education in
IEE and ESD
Continued expert instruction for ESD

Nevertheless, immediate preceptorship of trainees
by proficient ESD experts best guides through the
early learning curve for ESD. This was the key for
enormously rapid spreading of ESD throughout Japan.
Intense observation of experts performing ESD (about
40 cases) can enhance performance of ESD during
the clinical learning curve. At present this requires a
sabbatical of four weeks in Japan. When combined
with some ex-vivo technical training, performance and
skills markedly increase during subsequent untutored
[39]
ESD, as shown by doubling of dissection speed . ESD
clincal tutoring program was introduced by four top
experts from Japan together with eight endoscopists
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in the ESD learning curve, former participants of the
[88]
Experimental ESD Training Workshop , in order to
enhance progression to professional level both in
IEE categorization of mucosal neoplasias and ESD
performance (Figure 2). The educational benefit is
immediate preceptorship during the diagnostic and
endosurgical procedures, assessment of differential
indication and risk for ESD, tipps and tricks for
strategy and technique of dissection for different
lesions, preventive hemostasis and/or clipping of the
resection bed, and documentation of the specimen for
histopathology. The enrolled patients received excellent
treatment, as shown by the outcome of a series of 116
ESD performed intention-to-treat in cooperation with
expert tutors from Japan. The curative resection rate
of all 49 malignant neoplasias and five symptomatic
semimalignant submucosal tumors was an astonishing
100% at an acceptable rate of complications (14%)
managed without surgery or long-term morbidity in
[94]
these elderly, often comorbid patients . We highly
recommend such CME with Japanese experts for
establishing ESD in Western countries.
ESD reference centers where ESD is performed on
a professional level as high as in Japan must arise in
Western countries to spread ESD to all referral centers
(Figure 1). Expert instructors in ESD reference centers
can better guide advanced trainees for ESD how to
increase safety, dexterity (en-bloc resection, speed),
specimen quality, and outcome (curative resection, low
complication rate). These centers must take a leading
role in national CME programs for IEE and ESD of early
neoplasias.

Medical progress and patients rights

Diagnosis with IEE and performance of EMR/ESD/
surgical resection with lymphadenectomy according
to the criteria established in Japan is state-of-theart for early neoplasias in the gastrointestinal tract
[4,5,18]
(Table 1)
, but requires proficient performance of
diagnostic IEE and electrosurgical ESD with curative
outcome. The benefit for patients with such early
neoplasias is so enormous that major endoscopic
referral hospitals have the duty to establish ESD.
Typically, this should be a third level endoscopic
referral center that manages a high volume of
neoplastic lesions allowing a suitable case load of more
than two ESD indications per month. Establishing
ESD in such centers should be restricted to the
endoscopist most experienced with EMR, emergency
[39]
endoscopy and IEE staging of early neoplasias .
In many Western countries, performance of ESD by
such a leading endoscopist under tutoring and, if
necessary or better for the patient, with direct help by
the Japanese expert, is permissible and compatible
with legal and insurance rules. For untutored ESD in
the learning phase, the indication must conform to
criteria established in Japan and national guidelines,
and in any doubt expert advice should be obtained
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via web-based image and video analysis. All lesions
comprising early cancer must be presented to an
interdisciplinary cancer board prior to ESD and again
with the histopathological results. For advanced
adenoma (e.g., in colorectum) the decision can be
made by patient and treating physician after informed
consent on ESD and alternative resection techniques,
including the lower level of technical performance
of ESD as compared with data from Japan. Since
individual learning curves are involved, we recommend
detailed documentation of all entire procedures with
DVD recordings (for evidence and error analysis) and
a continuously updated registry of the outcome data
(procedure, complications, histopathology, follow-up)
that also enhances the learning process.

CONCLUSION
To establish accurate endoscopic diagnosis and
endosurgical treatment of early cancer in Western
countries lasts longer than anticipated five years ago,
but the strategy to achieve it is quite clear (Figure 1).
IEE of early GI neoplasias must become daily practice
and part of national CME programs. EMR-experienced
senior endoscopists from major endoscopic referral
centers ought to establish ESD on competence
and subsequently proficiency level. They need to
understand the present lack of competence and the
long-lasting learning curve. When knowledgeable
about IEE and ESD, they have to negotiate with the
hospital for sustained funding of team and optimal
equipment for IEE and ESD. Dedicated ex-vivo
training must be combined with experimental ESD
training in vivo supervised by experts from Japan
before untutored performance of first clinical ESDs.
Continued instruction by experts from Japan is highly
recommended until proficiency in ESD of early GI
cancer is confirmed by outcome data. Western experts
in new reference centers must commit themselves
to teach EMR-experienced senior endoscopists from
other referral centers in order to spread ESD. ESD is
high-end endoscopic patient care that will be largely
confined to referral centers.
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Abstract
Accurate diagnosis of Helicobacter pylori (H. pylori )
infection is a crucial part in the effective management
of many gastroduodenal diseases. Several invasive
and non-invasive diagnostic tests are available for the
detection of H. pylori and each test has its usefulness
and limitations in different clinical situations. Although
none can be considered as a single gold standard
in clinical practice, several techniques have been
developed to give the more reliable results. Invasive
tests are performed via endoscopic biopsy specimens
and these tests include histology, culture, rapid urease
test as well as molecular methods. Developments of
endoscopic equipment also contribute to the real-time
diagnosis of H. pylori during endoscopy. Urea breathing
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test and stool antigen test are most widely used noninvasive tests, whereas serology is useful in screening
and epidemiological studies. Molecular methods have
been used in variable specimens other than gastric
mucosa. More than detection of H. pylori infection,
several tests are introduced into the evaluation of
virulence factors and antibiotic sensitivity of H. pylori ,
as well as screening precancerous lesions and gastric
cancer. The aim of this article is to review the current
options and novel developments of diagnostic tests and
their applications in different clinical conditions or for
specific purposes.
Key words: Helicobacter pylori ; Diagnosis; Invasive;
Noninvasive; Oral specimen; Bleeding; Gastrectomy;
Eradication
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nowadays, several tests are available for the
diagnosis of Helicobacter pylori (H. pylori ) infection.
In this review, we focus on the usefulness and limi
tations of current diagnostic methods as well as the
recent developments of these tests that contribute to
improve the diagnostic accuracy. Furthermore, we also
emphasize the detection of H. pylori in oral specimens
and in patients with different clinical circumstances,
including bleeding, post-gastrectomy and posteradication therapy.
Wang YK, Kuo FC, Liu CJ, Wu MC, Shih HY, Wang SSW, Wu
JY, Kuo CH, Huang YK, Wu DC. Diagnosis of Helicobacter
pylori infection: Current options and developments. World J
Gastroenterol 2015; 21(40): 11221-11235 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i40/11221.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i40.11221

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative,
microaerobic human pathogen and H. pylori infection
is strongly related with many gastroduodenal diseases
including chronic active gastritis, peptic ulcer diseases,
atrophic gastritis, mucosa associated lymphoid tissue
(MALT) lymphoma and noncardia gastric cancer. H.
pylori infection affects more than half of the adult
population worldwide, but the prevalence of H pylori
infection varies widely by geographic area, age, race,
and socioeconomic status. Usually, the prevalence of H.
pylori increases with age in most countries, however
a decline in prevalence of H. pylori infection has been
observed in recent decades in time trend analysis of
[1]
several large populations . More than 80% of peptic
ulcer diseases are caused by H. pylori infection and
the estimated lifetime risk for peptic ulcer disease in
[2]
H. pylori-infected patients is approximately 15% .
Gastric cancer is the third leading cause of cancer-
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related death worldwide and H. pylori infection is
responsible for 74.7% of all noncardia gastric cancer
[3,4]
cases . Gastric cancer and peptic ulcer together
cause more than a million deaths per year in the world
and H. pylori infection always is an important health
[5]
issue . Various diagnostic methods are developed
to detect H. pylori infection and diagnostic tests with
both high sensitivity and specificity, exceeding 90%,
are necessary for accurate diagnosis of H. pylori
infection in clinical practice. Although many diagnostic
tests are available now, each method has its own
advantages, disadvantages, and limitations. The
choice of one method or another could be depended
on availability and accessibility of diagnostic tests,
level of laboratories, clinical conditions of patients,
and likelihood ratio of positive and negative tests on
different clinical circumstances. Diagnostic tests are
usually divided into invasive (endoscopic-based) and
noninvasive methods. Invasive diagnostic tests include
endoscopic image, histology, rapid urease test, culture,
and molecular methods. Non-invasive diagnostic
tests included urea breath test, stool antigen test,
serological, and molecular examinations. In the
present article, we briefly review the current options
and developments of diagnosis tests and associated
applications in clinical practices, as well as choice of
diagnostic tests on different clinical conditions (Table 1).

INVASIVE TESTS
Endoscopy

Conventional endoscopic exam is usually performed
to diagnose H. pylori-associated diseases, such
as peptic ulcer diseases, atrophic gastritis, MALT
lymphoma and gastric cancer. Endoscopy is also
an instrument routinely used to obtain specimens,
usually gastric mucosa from biopsy, for further studies
on other invasive tests, including rapid urease test,
histology, culture, and molecular methods. Antrum is a
preferential biopsy site for detecting H. pylori infection
in most circumstances, but corpus biopsy from greater
curve is suggested for patients with antral atrophy or
[6,7]
intestinal metaplasia to avoid false negative results .
The uneven distribution of H. pylori in the stomach in
different clinical setting inevitably leads to sampling
errors in biopsy-based examinations and several
attempts have been made for real-time diagnosis of H.
pylori infection during endoscopic examination.
Most gastric mucosal features, such as redness,
mucosal swelling or nodular change, from conventional
endoscopy are not specific enough for diagnosis of H.
pylori infection and provide limited value in the accurate
[8]
diagnosis . Although careful close-up observation of
the gastric mucosa pattern with standard endoscopy
may increase the diagnostic accuracy, but it may be
time-consuming and not provide better results than
[9]
other invasive tests . In additional to conventional
endoscopy, chromoendoscopy with phenol red
has also been evaluated for diagnosis of H. pylori
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Table 1 Diagnostic options of Helicobacter pylori infection in different clinical circumstances and special applications of diagnostic
tests
Gastroduodenal bleeding
Rapid urease test
Histology
Culture
Polymerase chain reaction

Urea breath test
Stool antigen test
Serology1

Post gastrectomy

Post eradication therapy

Special applications

√
√
√

√

√

√
√
√

√

√

√Antibiotic sensitivity
√Antibiotic sensitivity
√Virulence factors
√Environmental/oral sample

√Virulence factors

1

Although serology is not affected by local change in stomach, result of serology should be interpreted with caution before further management.

infection under the basis of specific urease activity of
H. pylori. However, this method is not a reliable test
because of its low sensitivity (73%-81%) and low
[10,11]
specificity (76%-81%)
. Magnifying endoscopy
provides direct observation of surface microstructure
in the gastric mucosa and high resolution endoscopic
patterns of gastric mucosa is highly correlated with
histopathological changes, including H. pylori infection.
The sensitivity and specificity for predicting H. pyloripositive corporal gastritis by using magnifying
endoscopy with indigo carmine staining were 97.6%
and 100% respectively. However the sensitivity and
specificity decreased to 88.4% and 75.0% respectively
[12]
in H. pylori-positive antral gastritis . Confocal
laser endomicroscopy (CLE) is the other magnifying
endoscopic technique which provide subsurface
analysis and in vivo histology examination of gastric
mucosa during endoscopy. Three features including
white spots, neutrophils and microabscesses, based
on CLE findings, were used for H. pylori diagnosis
and the accuracy, sensitivity and specificity were
[13]
92.8%, 89.2% and 95.7% respectively . Magnifying
narrow band imaging and I-scan were also used to
detect H. pylori infection, but variable results were
[14-16]
presented
. Different classifications of image
features from magnifying endoscopy provide different
diagnostic accuracy and the accuracy of endoscopic
test is also operator dependent, which means its
use require training process from experienced
supervisor and availability of equipment from local
[17-20]
endoscopy unit
. Moreover, careful examination
by using magnifying with or without image-enhanced
technique is also time-consuming and may make
more discomfort to patient than other biopsy-based
tests. Those factors usually limit the clinical use of
magnifying endoscopy to detect H. pylori infection in
routine practice.

Histology

Histology is usually considered to be the gold standard
in the direct detection of H. pylori infection and is also
the first method used for the detection of H. pylori.
However, several factors influence the diagnostic
accuracy of histology, such as site, size and number
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of biopsies, staining methods, proton pump inhibitor
(PPI), antibiotics and experience of the examining
pathologist. PPI use may lead to controversial results
of histological exam and stopping PPI 2 wk before
[21]
performing histological test is recommended .
More biopsy samples collected from appropriate site
for analysis can decrease sampling error and false
negative results in histological test as well as other
biopsy-based tests. Biopsies from both antrum and
corpus are usually recommended in clinical practice
and the acquisition of at least two biopsy specimens
from antrum and corpus is a most sensible strategy
[22,23]
that guarantees the maximum diagnostic yield
.
As mentioned above, corpus biopsy is important for
the diagnosis of H. pylori. in a background of atrophic
[7]
gastritis .
Staining is the critical part of histological exam
and several stains like routine HE staining, Giemsa,
Warthine-Starry, Hp silver stain, toluidine blue,
acridine orange, McMullen, Genta, Dieterle, and
immunohistochemical stain have been used to detect
H. pylori. Although immunohistochemical stain is the
most sensitive and specific stain, HE stain is usually
sufficient for diagnosis of H. pylori infection in routine
clinical practice. Ancillary stain is usually recommended
for biopsy specimens which revealed moderate or
severe chronic gastritis, but no H. pylori identified in
HE staining. Furthermore, immunohistochemical stain
should be the first choice if ancillary stain is decided to
[24,25]
use for detecting H. pylori
. If immunohistochemical
stains are not available, Giemsa stain is the preferred
method in clinical practice because it is simple, highly
[26]
sensitive and less expensive .
Peptide nucleic acid fluorescent in situ hybridization
(PNA-FISH), which can be used on histological
preparations, is a highly sensitive (97% sensitivity)
and specific (100% specificity) technique for the
diagnosis of H. pylori infection. PNA-FISH can identify
coccoid form of H. pylori which is usually undetectable
by routine histological exam because this method
could avoid individual biasness from morphologi
cal identification. Moreover, PNA-FISH is a rapid,
accurate and cost-effective method for detection of
H. pylori clarithromycin resistance in gastric biopsy
[27-29]
specimens
. FISH also has the potential role in the
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detection of H. pylori in environmental samples and
further studies on the transmission and environmental
reservoirs of H. pylori could be conducted by using
[30,31]
FISH
. Despite the advantages of detection of H.
pylori and clarithromycin resistance at the same time,
the disadvantages of PNA-FISH, such as laborious
prepare, requiring fluorescent microscope and
particular expertise to read the slides, may limit the
broadly use of this method.

RAPID UREASE TESTS
For routine clinical practice, rapid urease test (RUT)
is the most useful invasive test for the diagnosis of H.
pylori infection because it is inexpensive, rapid, easy
to perform, highly specific and widely available. Based
on the activity of the H. pylori urease enzyme, the
presence of H. pylori in biopsy specimen convert the
urea test reagent to ammonia, leading to an increase
in the pH and a color change on the pH monitor.
Several commercial urease tests including gel-based
tests (CLOtest, HpFast), paper-based tests (PyloriTek,
ProntoDry) and liquid-based tests (UFT300, EndoscHp)
are available now, and different commercial RUTs have
different reaction time to provide results. CLOtest
usually takes 24 h to obtain accurate result, whereas
PyloriTek takes 1 h and UFT 300 takes 5 min to provide
more rapid results. Reading the urease tests earlier
than recommended time may lead to false negative
[32]
results . In addition to the designs of commercial kits,
the density of bacteria present in the biopsy specimen
also affects the reaction time and diagnostic accuracy
of RUT, while the minimum of 10000 organisms are
usually required for a positive RUT result. Other factors
influencing the diagnostic accuracy of the urease
tests include H2-receptor antagonists, PPI, bismuth
compounds, antibiotics, achlorhydria and presence
of blood, all of which increase the possibility of false
negative results. Furthermore, formalin contamination
of biopsy specimens also decrease the sensitivity of
[21,33-35]
RUTs
.
In general, the commercial rapid urease tests
have specificity above 95%-100% and sensitivity
above 85%-95%. Increasing the number of gastric
antral biopsies could increase the sensitivity of RUTs
and dual biopsy specimens from gastric corpus
and antrum are preferred than only antrum biopsy
specimens as additional corpus biopsy increase the
diagnostic accuracy and avoid sampling bias due to
uneven distribution of H. pylori in stomach. Moreover,
combining antrum and corpus specimens prior to
RUT, rather than separate specimens, also increased
the sensitivity of RUT and accelerate the reaction
[32,36-39]
time
. Avoid medications that affect the urease
activity and the density of bacteria is recommended
before RUT to decreased false negative results, such
as 2 wk for PPI and 4 wk for antibiotics. Bleeding
significantly decreases the sensitivity and specificity
of RUTs and make RUT become a more unreliable test
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[40]

than other tests in this clinical condition . In a study
evaluated the influence of different biopsy number
and site on results of RUT in patients with peptic ulcer
bleeding demonstrated that four biopsies from antrum
or one biopsy from body increased the sensitivity of
RUT as compared with only one biopsy from antrum.
In this study, sensitivity of one biopsy from antrum
was 64%, whereas sensitivity of four biopsies from
antrum and one biopsy from body were 74% and 73%
[41]
respectively . If RUT is still chosen for patient with
gastrointestinal bleeding, biopsies from both antrum
and corpus were suggested to increase the diagnostic
accuracy.

Culture

Culturing of H. pylori from gastric biopsy specimen
is a highly specific but less sensitive method. In
general, culturing has almost 100% specificity, but
the sensitivity of culture shows significant variation,
between 85%-95%. Because of the delicate and
fastidious nature of H. pylori, the cultivation in vitro
requires particular transport medium, growth medium
and incubation environment. Biopsy specimens can
be kept in a transport medium, like Portagerm pylori
or Stuart’s transport medium, for up to 24 h at 4 ℃.
Several types of agar can be used for culture as
H. pylori are isolated. The commonly used media
include Pylori agar, Skirrow agar, Columbia blood agar,
Brucella agar, Brain heart infusion or Trypticase soy
agar, supplemented with sheep or horse blood. The
agar plates are usually incubated in a microaerobic
environment (80%-90% N2, 5%-10% CO2, 5%-10%
O2) at 35 to 37 ℃ for at least 5-7 d because H. pylori
has been considered a microaerophile. However, a
recent study showed growth of H. pylori is promoted
by atmospheric oxygen levels with the presence of
10% CO2, bringing a novel concept that H. pylori
[42]
may be a capnohilic aerobe . Diagnosis of H. pylori
from culture medium is based on morphological
characteristics as well as positive urease, catalase,
and oxidase reactions, which mean the microbiological
laboratories should be equipped and trained to isolate
this bacterium.
Conditions such as poor quality of specimens,
delayed transport, exposure to aerobic environment or
inexperienced microbiologist have adverse influence on
the performance of culture and reduce the diagnostic
[43]
accuracy . A recent study conducted in 26 hospitals
to analyze the influence of transport time as well as
temperature on culture rate showed positive culture
rate decreased to 26.3% in 48 h transport group as
compared to 32.8% in 24 h transport group (P <
0.001). This study also found the average temperature
increased from 4.7 ℃ to 29.1 ℃ during transportation
and this caused positive culture rate declined from
[44]
36.7% to 24.1% . The recent development of
transport medium is a new transport medium, GESA
transport medium. GESA transport medium is a semisolid medium which can store gastric biopsy specimens
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at 4 ℃ for up to 10 d and provide a quantifiable
[45]
recovery rate of H. pylori (90.7%) . A new biphasic
test which combined the selective enrichment broth
and biochemical test using urea agar in a single
vessel was also developed for culturing H. pylori in
gastric biopsies. In this small study, biphasic test
was conducted in 55 biopsy specimens and showed
100% positive predictive valve after 48 h incubation.
Moreover, this method had lower false positive rate
5
and required lower bacterial load, approximately 10
cfu/mL, as compared with CLOtest. At the same time,
this test could be used under an aerobic condition and
allowed culturing as well as antibiotic susceptibility
[46]
testing .
Host factors like high activity of gastritis, low
bacterial load, bleeding, alcohol drinking, and use of
H2- receptor antagonists, PPI, antibiotics have adverse
effect on culture positive rate. These medications,
except for antibiotics which should be avoided at
least 4 wk, were also suggested to be avoided 2 wk
before culture. To avoid sampling bias from the patchy
distribution of H. pylori in stomach, at least 2 biopsy
specimens from the antrum and 2 biopsy specimens
[47,48]
from corpus were also recommended
.
Although culture is a time-consuming, expensive
and laborious test for H. pylori diagnosis, the
antibiotic sensitivity test of H. pylori provided by
culture is a particular advantage in clinical practice. As
recommends from Maastricht IV Consensus Report, H.
pylori culture and antibiotic susceptibility testing should
be performed if primary resistance to clarithromycin
is higher than 20% in a given geographical area or
[21]
after failure of second-line treatment . Furthermore,
culture also allows isolation of H. pylori for further
analysis of phenotypic and genotypic characterization
to have better understanding of the pathogens
and, consequently, offer therapy evaluation. With
the increasing prevalence of antibiotic resistance,
culturing is still a reliabe method for managing H.
pylori treatment failure as well as surveying antibiotic
resistance in population-based studies before other
molecular tests are more widely available.

Polymerase chain reaction

Since the application of polymerase chain reaction
(PCR) to detect H. pylori infection, PCR has been used
extensively for the diagnosis of H. pylori from gastric
biopsy specimens, saliva, stool, gastric juice and
variable specimens. PCR provides excellent sensitivity
and specificity, greater than 95%, as compared with
other conventional tests and has more accurate
results of detecting H. pylori in patients with bleeding.
Several target genes including UreA, glmM, UreC, 16S
rRNA, 23S rRNA, HSP60, and VacA genes, had been
used for detection of H. pylori and using two different
conserved target genes can increase the specificity,
which in turn avoids false positive result, especially
for samples other than gastric biopsy specimens. The
other advantages of PCR, including fewer bacteria
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required in sample, faster results, and no need for
special processing supplies or transportation, enable
clinicians to make quicker and more accurate decision
on patient’s treatment. Furthermore, PCR also allows
concurrent detection of specific mutations leading
to antibiotic resistance, such as macrolide- and
fluoroquinolone-resistance, and virulence factors, such
[49-51]
as CagA and VacA
.
As compared with agar dilution method (Etest)
which is usually regarded as gold standard of
antibiotic susceptibility test, real-time PCR (RT-PCR)
had several advantages. First, using formaldehydefixed paraffin-embedded gastric tissue in PCR test is
more convenient, rapid and sensitive than using fresh
biopsy specimen in Etest, moreover, in this setting,
RT-PCR also showed not inferior results of antibiotic
susceptibility testing than Etest. In addition, PCR is
more reliable to detect heteroresistant status which
often cause false negative result in Etest, consequently,
PCR can provide more accurate information for
[52]
clinicians before starting antibiotic treatment .
A recent study that used RT-PCR in formalin-fixed
paraffin-embedded samples to detect H. pylori
infection and associated clarithromycine-resistance
status investigated the efficacy of genotypic resistanceguided quadruple therapy as the first-line treatment for
385 patients with functional dyspepsia. In this study,
136 patients (35.3%) were diagnosed with H. pylori
infection and the sensitivities of RT-PCR and histological
examinations were 95.6% and 69.9% respectively.
Quadruple therapy with bismuth potassium citrate,
rabeprazole, amoxicillin, and clarithromycin was
used for genotypically sensitive patients, in contrast,
genotypically resistant patients were treated with
bismuth potassium citrate, rabeprazole, amoxicillin,
and furazolidone. Authors found the eradication rates
were 100% for patients with clarithromycin-susceptible
H. pylori and 94% for patients with clarithromycinresistant H. pylori respectively for per-protocol
[53]
analysis . Second, RT-PCR is also a convenient
method for epidemiological study on regional antibiotic
resistance rate as a guidance for first-line empirical
treatment. Furthermore, RT-PCR can detect the point
mutations that cause antibiotic resistance as well as
find the change of point mutation or occurrence of
new mutation, which provide additional information
for epidemiological studies and molecular research on
genotype-phenotype relationships. Due to the possible
change of mutations that cause antibiotic resistance
with time, defining more than 5 point mutations when
using PCR-based methods is important to achieve
[54-56]
good accuracy in detecting antibiotic resistance
.
The genetic mutations causing resistance to
clarithromycin (23S rRNA), quinolones (gyrA gene),
tetracycline (16S rRNA), rifabutin (rpoB gene) and
amoxicillin (pbp-1a gene) have been described
in previous studies and several commercial kits
such as MutaREAL H. pylori kit, ClariRes realtime PCR assay and Seeplex ClaR-H. pylori ACE
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detection system are available for the detection of
[57]
clarithromycin resistance . However, the precise
mechanism of metronidazole resistance is less
clear and the susceptibility genes such as rdxA and
frxA have been implicated in previous studies with
debated results. A recent study using Illumina nextgeneration sequencing to search candidate mutations
for metronidazole resistance. This study confirmed
mutations in rdxA gene had the major role in metro
nidazole resistance of H. pylori and mutations in frxA
gene could enhance the metronidazole resistance only
in the presence of rdxA mutations. Additionally, a new
discovery of mutations in rpsU gene may have a role in
metronidazole resistance to explain the metronidazoleresistant strains without the mutations in rdxA and
[58]
frxA genes . GenoType HelicoDR assay is a molecular
test that combine PCR and hybridization, allowing
the molecular defecation of H. pylori as well as
clarithromycin and fluoroquinolones resistance within
6 h. In previous studies, the GenoType HelicoDR assay
using bacterial strains or gastric biopsy specimens
is highly accurate for clarithromycin resistance with
94%-100% sensitivity and 86%-99% specificity
respectively; the GenoType HelicoDR assay is also
accurate for fluoroquinolone resistance with 83%-87%
sensitivity and 95%-98.5% specificity respectively as
[59,60]
compared to the culture-based method
. However,
a recent study evaluated the clinical usefulness of
GenoType HelicoDR in Korea showed the sensitivity
and specificity for clarithromycin resistance were
only 55.0% and 80.0% respectively. The GenoType
HelicoDR was also not accurate for fluoroquinolone
resistance, showing the sensitivity and specificity were
74.4% and 70.0% respectively. The clinical applicability
of GenoType HelicoDR in determination of antibiotic
resistance may have some limitations which need
[61]
further evaluations . RT-PCR is conventionally used
to quantify the H. pylori DNA in biopsy specimens,
but performing RT-PCR can be a problem for clinical
laboratories because of expensive thermocyclers. A
dual-priming oligonucleotide (DPO)-based multiplex
PCR was developed to detect both H. pylori infection
and clarithromycin resistance and this test can be
performed in any conventional thermocycler that
costs less than RT-PCR. With a particular DPO primer
design to amplify the H. pylori 23S rDNA and to detect
the most common mutations, A2142G and A2143G,
conferring clarithromycin resistance, DPO-PCR was
proved to be rapid and accurate for H. pylori diagnosis
and determination of clarithromycin susceptibility by
[62,63]
using gastric biopsy specimens
. Furthermore,
a recent study using tissue samples that had been
processed by RUT to evaluate the diagnostic accuracy
of DPO-PCR showed DPO-PCR had higher sensitivity
than RUT and histology, and DPO-PCR could detect
H. pylori infection in RUT-negative samples, meaning
that this test can decreased the false negative result
and reduce the need for re-endoscopic examination.

WJG|www.wjgnet.com

The concordance rate of DPO-PCR between gastric
biopsy samples and samples proceeded by RUT was
[64]
94.4% .
Detection of virulence factors by PCR helps to
evaluate the genetic variation within virulence factors
of H. pylori and gives more information to understand
the clinical discrepancies between patients infected
with different strains of H. pylori. Several studies
showed presence of virulence factors, such as CagA
and VacA gene, are associated with more severe
gastric inflammation and higher prevalence of peptic
[65-67]
ulcer disease and gastric cancer
. Duodenal ulcer
promoter gene A (DupA) was also proposed to be
associated with H. pylori induced ulcer formation,
but inconsistent results which were suspected to
be caused by primer mismatches were reported by
previous studies. A newly designed RT-PCR with a
specific primer designed based on an alignment of all
221 DupA gene sequences was introduced recently
to improve the detection rate of the DupA gene.
This method increased the detection rate to 64.2%,
whether the commonly used PCRs had detection rate
between 29.9% to 37.8%. The authors pointed out
that PCR design had great influence on the detection
of virulence factor and the detection of specific DupA
allele was not the same as detection of actual DupA
[68]
gene .
PCR is also helpful to detect H. pylori in environmental
samples for epidemiological studies. A high prevalence
of H. pylori detected in drinking water samples by PCR
provided more information of H. pylori transmission
[69]
through drinking water . Higher detection rate
of H. pylori contamination in un-washed vegetable
suggested accurate washing of vegetables decreased
[70]
H. pylori contamination . PCR had also been used to
detect genotyping of H. pylori in vegetable and high
similarity in the genotyping pattern of H. pylori among
vegetable samples and human specimens suggested
[71]
that vegetable may be the sources of the bacteria .
Except for more rapid and highly accurate results
from PCR to detect H. pylori infection and antibioticresistance strains, concerns about cost, local available
equipment and expertise in molecular techniques
inevitably influence the feasibility of PCR in local
laboratories.

NONINVASIVE TESTS
Several attempts have been made to avoid endoscopic
diagnostic methods for several reasons. First and
foremost, endoscopy is an invasive procedure which
is discomfort and not suitable for patients with severe
comorbidities or contraindications. Besides, cost of
endoscopy and additional cost adding on endoscopy,
such as disposable forceps and anesthesia, may
be high. Last but not least, sampling bias is almost
inevitably encountered in biopsy-based methods due
to uneven distribution of H. pylori in stomach.
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UREA BREATH TEST
Urea breath test (UBT) has been used for almost
30 years and is still the most popular and accurate
noninvasive test for diagnosis of H. pylori infection. By
13
14
the urease activity of H. pylori, the C- or C-labeled
urea ingested by the patient is hydrolyzed to labeled
CO2 in stomach, then labeled CO2 is absorbed in the
blood and exhaled by breathing in which labeled CO2
can be measured. Although several factors including
patient, bacteria and the test itself influence the results
of UBT, the UBT is a highly accurate and reproducible
test with near 95% sensitivity and specificity under
standardized procedures. A recent publish metaanalysis to evaluate the diagnostic accuracy of UBT in
adult patients with dyspeptic symptoms showed the
pooled sensitivity was 96% (95%CI: 0.95-0.97) and
[72]
pooled specificity was 93% (95%CI: 0.91-0.94) .
UBT is also useful for epidemiological studies and for
[21,73]
assessing the efficacy of eradication therapy
.
Patient should stop taking PPI 2 wk and antibiotic 4
[74]
wk before exam to avoid false negative results .
Bleeding also influences the diagnostic accuracy of
UBT and delayed UBT after recovery from bleeding
[75]
is mandatory to decrease false negative result .
Sometimes, although rare, the presence of other
urease producing pathogens in stomach also causes
the false positive results.
UBT is a suitable method with many advantages,
such as simple, noninvasive and safe, to detect H.
pylori infection in pediatric patients, although the
accuracy of UBT in pediatric patients is not as good as
it used in adult patients, especially for children younger
than 6 years old, having 75% to 100% sensitivity and
[76]
specificity .
13
14
C-UBT is preferable to the C-UBT to avoid
14
exposure to radiation, even though C-UBT is safe
for children and pregnant women because radiation
14
from C-UBT is lower than radiation acquired from
the natural environment. In the absence of expensive
13
equipment and ability to pay high cost of C-UBT,
14
however, C-UBT is more popular in the developing
13
countries. The diagnostic accuracy between C-UBT
14
and C-UBT is not different and both tests can be
considered to be gold standard among the various
noninvasive tests for the diagnosis of H. pylori
[77]
infection . There are two protocols, nonencapsulated
and encapsulated, used for the oral administration of
14
C-urea to patients for H. pylori diagnosis. Initially,
14
encapsulated C-UBT was developed to avoid the
14
problem of C-urea hydrolysis by the action of
urease-producing oral flora and this method obviated
the problem of false-positive results in early breath
[78]
14
samples . Nonetheless, rapid transit of the C-urea
containing capsule from the gastric tract or its
incomplete resolution in the stomach during the phase
14
of breath collection causes encapsulated C-UBT
may not be a superior option than nonencapsulated
[79]
protocol . A recent study used dynamic scintiscan
technique to monitor gastric fate of capsule and
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compared the sensitivity between nonencapsulated
and encapsulated protocol in 100 dyspeptic patients.
This study showed nonencapsulated protocol had
higher sensitivity than encapsulated protocol and
the sensitivity of encapsulated and nonencapsulated
14
C-UBT were 90.5% and 98.6% at 10 min and 91.8%
and 97.2% at 15 min respectively. Incomplete or
14
non-resolution of C-urea capsule in stomach during
the phase of breath collections noted by dynamic
scintiscan images provided the explanation of lower
14
sensitivity of encapsulated C-UBT as compared with
14
[80]
nonencapsulated C-UBT .
The precise cut-off value for delta over baseline
(DOB) value to discriminate between H. pyloripositive and H. pylori-negative results is the other
controversial issue. The cut-off valve for the UBT
was originally determined as 5.0‰, which had most
widely recommended, whereas lower values, 3.0 or
3.5‰ were also proposed to improve its accuracy
without compromising the sensitivity and specificity
of this test. A “grey zone” in which the results of
UBT are inconclusive were mentioned by previous
studies and a borderline DOB value, like very close
to the selected cut-off point, should be cautiously
[81]
interpreted . A novel method of UBT using an optical
cavity-enhanced integrated cavity output spectroscopy
system was introduced recently to provide optimal
diagnostic cut-off point. This preliminary test defined
diagnostic cut-off point as cumulative percentage
13
of C dose recovered (c-PDR) = 1.47% at 60 min
and exhibited 100% sensitivity and 100% specificity
with an accuracy of 100% as compared with invasive
endoscopic tests. However, small number of samples
are used in this study and further larger study is
[82]
necessary to confirm these results .

STOOL ANTIGEN TEST
Stool antigen test (SAT) is the other noninvasive
method with good sensitivity and specificity, 94%
and 97% respectively in global meta-analysis, in
[83]
the diagnosis of H. pylori infection . This method
detects the presence of H. pylori antigen in stool
samples. There are two types of SATs used for H.
pylori detection, enzyme immunoassay (EIA) and
immunochromatography assay (ICA) based methods,
using either polyclonal antibodies or monoclonal
antibodies. Many SATs are available now for the
diagnosis of H. pylori infection and different diagnostic
accuracy are showed from different studies with
different SATs and different study design. In general,
monoclonal antibody-based tests are more accurate
[83]
than polyclonal antibody-based tests
and EIA-based
tests provide more reliable results than ICA-based
[84,85]
tests
. In a recent study, the Tesmate pylori antigen
(TPAg) EIA utilizing a monoclonal antibody to check
native H. pylori catalase showed 92.4% sensitivity and
100% specificity in adult when compared with RT-PCR
[86]
and the accuracy of this test was 94.9% . Premier
Platinum HpSA Plus test, the other monoclonal EIA-
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based test, also showed reliable diagnostic results
with 92.2% sensitivity, 94.4% specificity and 93.4%
accuracy for diagnosing H. pylori infection as compared
with the other 4 SATs, including 1 monoclonal EIAbased (H. pylori antigen test), 2 monoclonal ICAbased (ImmunoCard STAT! HpSA test and H. pylori
fecal antigen test) and 1 polyclonal ICA-based (onestep H. pylori antigen test) tests, of which the accuracy
[84]
were all lower than 90% . However, ICA-based tests
are easy to perform and do not require specialized
equipment, which make it suitable for in-office test and
developing countries. A new monoclonal ICA-based
SAT, Atlas H. pylori Antigen Test, was also introduced
recently and provide better results than previous
monoclonal ICA-based SATs, with 91.7% sensitivity,
[87]
100% specificity and 96.6% accuracy .
As well as UBT, monoclonal EIA-based SAT is
also a reliable test recommended by guidelines to
assess the efficacy of H. pylori eradication therapy
and the time for testing after the end of treatment
[21,88]
should be as least 4 wk
. In previous metaanalysis, the pooled sensitivity and specificity for
monoclonal SAT to confirm eradication after therapy
[83]
were 93% and 96% respectively . In recent studies,
monoclonal EIA-based SATs have been confirmed to
be a useful and accurate tool to determine the results
of H. pylori eradication therapy, with 91.6%-100%
[89,90]
sensitivity and 93.6%-98.4% specificity
.
Furthermore, monoclonal ICA-based SATs, RAPID
Hp StAR and ImmunoCard STAT! HpSA, also provide
promising results with 90.0%-100% sensitivity and
93.6%-94.9% specificity.
In addition to assessment of eradication therapy,
monoclonal SAT is a convenient, noninvasive and useful
test for the diagnosis of H. pylori infection in pediatric
[91]
patients . A study applied SAT in children aged
between 6 to 30 mo showed reliable results of SAT for
[92]
diagnosing H. pylori infection in very young children .
A recent meta-analysis, including 45 studies and
5931 patients, to evaluate the performance of SATS
in children showed pooled sensitivity and specificity
were 92.1% and 94.1% respectively. In subgroup
analysis, the sensitivity and specificity of monoclonal
SAT, polyclonal SAT and one-step rapid monoclonal
SAT were 96.2% and 94.7%, 88.0% and 93.0%,
and 88.1% and 94.2% respectively. Monoclonal SAT
is a reliable test for diagnosis of H. pylori infection
[93]
in children . Moreover, SAT is a useful tool for
[94,95]
epidemiological study and screening programs
.
With regard to cost and equipment, SAT is more
suitable than UBT for mass surveys. As compared with
serological test, which are usually used for screening,
SAT seems to provide more reliable results in diagnosis
of H. pylori infection. However, a previous study found
SAT was less accurate than serological test in patients
with severe atrophic gastritis and the influence of this
result need further evaluation to assess the role of
SAT in screening H. pylori-associated diseases, like
[96]
gastric cancer . Whereas the other study using a
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new polyclonal EIA-based SAT (EZ-STEP H. pylori)
found presence of atrophic gastritis and/or intestinal
metaplasia did not significantly affect the results of
[97]
SAT .
The accuracy of SAT is influenced by several
factors, like antibiotic, PPI, N-acetylcysteine, bowel
movement and upper gastrointestinal bleeding.
Preservation of the specimen, like temperature and
transport time before testing, and cut-off valve also
[98-100]
have impacts on the diagnostic accuarcy of SAT
.

ANTIBODY-BASED TESTS
Numerous serological tests based on the detection
of anti-H. pylori IgG antibody are widely available for
H. pylori diagnosis and EIA test is the most common
and accurate technique among them. Serological
tests have also frequently been used in screening for
epidemiological studies because of their inexpensive,
rapid and acceptability to patients. Moreover,
serological test is useful for evaluation of H. pylori
infection in children. A recent study using E-Plate,
a commercial serum antibody kit, to compare the
performance of serological test with SAT in 73 children
showed that the sensitivity, specificity, and positive
likelihood ratio for serological test were 91.2%, 97.4%,
and 35.6%, respectively. These results came from
[101]
using recommended adult cutoff valve on children .
Because the accuracy of serological tests depends on
the antigen used in commercial kit and the prevalence
rate of specific H. pylori strains employed as the
source of antigen. Proper antigens, either using local
strains as the source of antigen or pooling antigens
from strains of different groups, as well as reliable
cutoff value of serological test should be validated
[102,103]
locally before investigating population
. Several
immunogenic proteins, like CagA, VacA, UreA, Omp
and GroEL, have been used as candidates to detect
infection. The H. pylori FliD protein, an essential
element in the assembly of the functional flagella,
is also recognized as a novel marker for serological
diagnosis of H. pylori infection, with sensitivity and
[104]
specificity of 99% and 97% respectively
. A novel
line immunoassay, recomLine H. pylori IgG, which
using six highly immunogenic virulence factors (CagA,
VacA, GroEL, gGT, HcpC, and UreA) was introduced
recently for serological diagnosis of H. pylori infection.
The recomLine, in contrast to EIA and immunoblot,
allows the identification of specific antibody response
against distinct H. pylori antigens and increased
discriminatory power. As compared to histology, the
recomLine showed sensitivity and specificity of 97.6%
and 96.2% respectively. The recomLine is also a
useful tool to identify specific virulence factors of H.
[105,106]
pylori
.
The other advantage of serological test is that the
accuracy of serological tests is not affected by ulcer
bleeding, gastric atrophy as well as the use of PPI or
antibiotics, which cause false negative results in other
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invasive or noninvasive tests. However, serological
test is not a reliable test to assess eradication
therapy because antibody levels can persist in the
blood for long periods of time even after successful
[21]
eradication . Because the serological tests do not
distinguish between active infection and past exposure
to H. pylori, further confirmation by other tests is
required before eradication therapy.
Like SAT, EIA-based serological tests have better
accuracy than ICA-based tests. A recent study
comparing 29 commercial serological test (17 EIAbased and 12 ICA-based) showed the accuracy of
9 of 17 EIA-based tests were higher than 90%,
whereas only one of the 12 ICA based tests had an
accuracy > 90%. Heterogeneous performances were
also observed between different serological tests,
revealing sensitivity ranged from 57.8% to 100% and
specificity ranged from 58.7% to 96.8% in EIA-based
tests; sensitivity ranged from 55.6% to 97.8% and
specificity ranged from 60.3% to 96.8% in ICA-based
tests. The serological tests should be chosen properly
according to their specific performance parameters to
achieve different goals, like screening, initial diagnosis
[107]
or confirmation of another test .
Serological test also play an important role
in studies of pathogenesis and virulence factors
because several antigenic proteins can be detected
by immunological techniques and provide additional
diagnostic value. Several attempts have been made
to find potential biomarkers to identify patient infected
with high-risk H. pylori strains by serological tests.
Levels of pepsinogen (PG) Ⅰ , PG Ⅱ and PG Ⅰ /Ⅱ
ratio combined with H. pylori antibody have been
widely used to predict atrophic gastritis and risk
[108,109]
of gastric cancer
. PG Ⅰ /Ⅱ ratio can also be
useful in gastric cancer surveillance in patients after
[110]
eradication therapy . However, controversial results
are presented on the clinical application of these
serological makers. A recent study evaluating the
accuracy of GastroPanel, which measures gastrin-17,
H. pylori antibody, PG Ⅰ and PG Ⅱ, to detect atrophic
gastritis showed only 50% sensitivity and 80%
[111]
specificity, which were inferior to previous studies .
Pepsinogen test was also not accurate enough for the
diagnosis of gastric cancer, with 71.0% sensitivity and
[112]
69.2% specificity
. Some virulence factors have
also been evaluated to predict the prognosis of H.
pylori-associated diseases. Presences of serum CagA,
VacA, and GroEL antibodies in patients with H. pylori
infection are associated with gastric precancerous
lesions as well as gastric cancer and these serum
markers might serve as potential predictors for
patients infected with high-risk strains, which may be
[106,113]
related to the development of gastric cancer
.
Although the association between virulence factors
and clinical presentations had been found by previous
epidemiological studies, serological tests are still not
reliable enough for diagnosis of gastric cancer. In
a recent meta-analysis, the pooled sensitivity and
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specificity of CagA antibody using to diagnose gastric
cancer were 71% and 40% respectively, and the
[114]
diagnostic odds ratio were 2.11 .
Detection of H. pylori IgG in urine had also been
evaluated in children in previous studies, however,
[115,116]
variable results were presented
. In addition, the
diagnostic accuracy of EIA-based test to detect salivary
H. pylori IgG was also not good enough as a reliable
[117,118]
test
. Antibody detection in urine or saliva is less
accurate than other tests and is not suggested to be
[119]
used in the management of patients .

DIAGNOSIS OF H. PYLORI IN OTHER
SPECIMENS
Utilizing PCR to detect H. pylori in stool is a reliable
and rapid technique, which is especially attractive for
children as a noninvasive test. Stool PCR also provides
the advantages of identifying specific genotypes and
[120,121]
antibiotic-resistance of the microorganism
. Oral
cavity has been implicated as an extra-gastric reservoir
of H. pylori, even though the significance of H. pylori
in oral cavity, either a source of re-infection or the
route of transmission, is still unclear. Saliva and dental
plaque were the specimens commonly used to detect
H. pylori in oral cavity and PCR was the most common
and reliable test used in recent studies. RUT and
culture were also performed to detect oral H. pylori
in early studies. The prevalence of H. pylori detection
in oral cavity exhibited wide variations, from 0% to
100%, and lower prevalence in saliva as compared
[122]
with dental plaque was usually found
. The wide
variations in the prevalence of H. pylori in oral cavity
may be due to different methodologies, different
populations and different primers used in studies.
Recent studies focused on modification of primer to
increase diagnostic accuracy or evaluation of new
method to overcome the limitation of PCR. A novel PCR
system, using a H. pylori-specific primer sets based on
highly conserved sequences for the complete genomes
of 48 H. pylori strains, was developed recently to
increase the diagnostic accuracy of PCR in oral
[123]
cavity . The Loop-mediated Isothermal Amplification
(LAMP), a new method of highly specific and sensitive
DNA amplification, was compared with PCR on the
detection rate of H. pylori in dental plaque samples
in a small study which enrolled 45 participants. This
study showed LAMP had higher detection rate than
PCR and the detection rate of H. pylori in dental plaque
samples by LAMP and PCR were 66.67% and 44%
[124]
respectively .

DIAGNOSIS OF H. PYLORI IN SPECIFIC
CLINICAL CIRCUMSTANCES
As mentioned previously, upper gastrointestinal
bleeding (UGIB) decreases the diagnostic accuracy
of many tests, including invasive and noninvasive, to
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detect H. pylori infection. In a previous meta-analysis,
RUT, histology and culture had low sensitivity and high
specificity in patients with UGIB. UBT was still a reliable
test, whereas SAT became less accurate in this clinical
setting. Although serology was not influenced by UGIB,
it could not be recommended as the first diagnostic
[40]
test for H. pylori infection . When comparing CLO,
culture and histology, histology was less influenced
by ulcer bleeding and could be a reliable test even
[125]
in the presence of blood
. PCR had a significantly
higher sensitivity than RUT, histology and culture, with
sensitivity of 91%, 66%, 43% and 37% respectively
and showed similar sensitivity as compared with
serology and UBT, 94% and 94% respectively. PCR
was similar to UBT in diagnostic accuracy for detecting
H. pylori infection in bleeding peptic ulcers. However
the specificity of PCR (100%) was only superior to
serology (65%) and did not differ from other tests
(RUT: 95%, histology: 95%, culture: 100%, UBT:
[126]
85%)
. A study also found RT-PCR could detection
H. pylori infection by using formalin-fixed paraffinembedded biopsy specimens in which histology
showed negative results in patients with peptic ulcer
[127]
bleeding . Eradication of H. pylori is important in the
management of H. pylori-associated ulcer bleeding
for the purpose of preventing further bleeding and
successful eradication therapy is even more effective
than long-term maintenance antiserectory therapy
with PPI to reduce rebleeding. Biopsy-based H. pylori
testing is usually recommended during endoscopic
survey of UGIB, even though bleeding decreases the
sensitivity of biopsy-based tests. From the results of a
meta-regression study, a delayed test, 4 wk after the
UGIB episode, had higher detection rate of H. pylori in
patients with UGIB. Because accurate determination
of the etiology of bleeding ulcers is crucial in the
management of ulcer bleeding, confirmation of a
negative result with a subsequent noninvasive test
[22,128,129]
has also been recommended by guidelines
.
A low negative predictive value was also found when
UBT was performed right after emergent endoscopy
and a delay test was also mandatory for all negative
[75]
results of early UBT . Despite the importance of H.
pylori testing in patients with UGIB, the proportion
of patients who received direct H. pylori testing
was quit low, about 12%-60% noted from previous
studies. Concerns about decreased sensitivity
related to bleeding or PPI use and increased risk of
adverse events associated with gastric biopsies or
increased procedure time to perform gastric biopsies
may influence the decisions of H. pylori testing by
[130]
clinicians .
Diagnosis of H. pylori in patients with partial
gastrectomy is the other issue, although, to which
less attention has been paid because these patients
represented a very small portion of general population.
In a meta-analysis comparing three commonly used
tests in patients with partial gastrectomy showed
histology performed the best, followed by the RUT,
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whereas the UBT had the poor diagnostic accuracy.
These studies showed a high degree of heterogeneity
and the pooled sensitivity and specificity of histology,
RUT, and UBT were 93% and 85%; 79% and 94%;
77% and 89% respectively. The RUT was suggested
as the initial choice of test on these patients and
biopsy samples from gastric fundus or the upper body
of the remnant stomach was recommended. Histology
was recommended to performed after negative result
[131]
of RUT in these patients
. SAT may be the other
reliable test to detect H. pylori in patients with distal
gastrectomy. A small study using HpSA test to evaluate
the diagnostic accuracy of SAT in 59 patients with
distal gastrectomy for gastric cancer demonstrated
that the sensitivity, specificity and accuracy of HpSA
[132]
test were 100%, 90.5%, and 96.6%, respectively .
The possible reason for inadequate performance
of UBT in the diagnosis of H. pylori in patients with
distal gastrectomy may be not enough time for
the urea stays in the gastric stump to interact with
urease produced by H. pylori. The BreathID, a rapid
continuous-real-time UBT, seemed to overcome this
shortcoming and it showed better accuracy than RUT,
87% and 72% respectively. However lower sensitivity
and specificity of RUT, 82% and 71% respectively, as
compared with previous studies was also found in this
study and biopsies were taken from the gastric body
slightly distal to fundus in this study may influenced
[133]
the diagnostic performances of RUT
. A recent
study also demonstrated discordant results between
UBT and biopsy-based tests in patients with partial
gastectomy after H. pylori eradication therapy. The
authors suggested additional endoscopic biopsybased tests would be helpful to avoid unnecessary
treatment because high false positive rate and low
positive predictive value of UBT, 19.1% and 44.7%
respectively, were found in these patients after
[134]
eradication therapy .
Accurate determination of H. pylori status in
patients after eradication therapy is important and
UBT as well as SAT are recommended by guidelines
to assess the efficacy of eradication therapy. These
tests are usually recommended to perform more than
[21,88]
4 wk after end of therapy
. However, high false
13
positive rate of 52.9% was found by using C-UBT
with current cutoff value (2.5‰), especially in
patients with more than two times previous eradication
therapies and in patients with moderate to severe
[135]
gastric intestinal metaplasia
. A recent study using
nested PCR to detect H. pylori from gastric biopsy
specimens after eradication therapy showed nested
PCR is more sensitive than RUT, histology and culture.
Furthermore, PCR based method is able to discriminate
the reinfection or recrudescence after eradication
[136]
therapy .

CONCLUSION
The developments of current diagnostic methods
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allow to have a more accurate diagnosis of H. pylori
infection, which in turn improving the management
of H. pylori-associated diseases. Although the golden
standard test may not exist, the choice of test to
detect H. pylori infection depends on the prevalence
and strains of H. pylori on endemic areas, accessibility,
advantages and disadvantages of each method as
well as different clinical circumstances of each patient.
To combine the results of two or more tests could be
a reasonable strategy in routine clinical practice to
achieve the most reliable result. We believe that there
will be continuous attempts to evolve the diagnostic
yield of H. pylori infection for different clinical purposes,
specific populations, and genotypic characterizations to
have more reliable and feasible diagnostic modalities
of H. pylori infection in the future.
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Core tip: Regulatory T cells (Tregs) have received
much interest in animal models of inflammatory bowel
disease (IBD), but have yet to demonstrate a clear
defect in human Crohn’s disease or ulcerative colitis.
This review will detail our current knowledge about
this important regulatory arm of the immune system in
human IBD, and discuss the potential role for Tregs as
immunotherapy.

Abstract
+

+

+

Since their discovery two decades ago, CD4 CD25 Foxp3
regulatory T cells (Tregs) have become the subject of
intense investigation by immunologists. Unlike other
T cells, which promote an immune response, Tregs

WJG|www.wjgnet.com

actively inhibit inflammation when activated by their
cognate antigen, thus raising hope that these cells
could be engineered into a highly targeted, antigenspecific, immunosuppressant therapy. Although Tregs
+
represent less than 10% of circulating CD4 T cells,
they have been shown to play an essential role in
preventing or limiting inflammation in a variety of
animal models and human diseases. In particular,
spontaneous intestinal inflammation has been shown
to occur in the absence of Tregs, suggesting that there
may be a Treg defect central to the pathogenesis of
human inflammatory bowel disease (IBD). However,
over the past decade, multiple groups have reported
no qualitative or quantitative deficits in Tregs from the
intestines and blood of IBD patients to explain why
these cells fail to regulate inflammation in Crohn’s disease
and ulcerative colitis. In this review, we will discuss
the history of Tregs, what is known about them in IBD,
and what progress and obstacles have been seen with
efforts to employ them for therapeutic benefit.
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INTRODUCTION
In the summer of 1995, Shimon Sakaguchi published
the first report of what later came to be recognized as
regulatory T cells (Tregs) by demonstrating that mice
+
+
depleted of CD4 CD25 T cells spontaneously developed
multiorgan autoimmunity, including gastrointestinal (GI)
[1]
inflammation . More importantly, such autoimmunity
+
+
could be prevented by administration of these CD4 CD25
Tregs, suggesting that they might someday represent
a potent cellular therapy for autoimmune and chronic
inflammatory conditions. In the twenty years since this
initial report, well over 10000 original manuscripts have
been published concerning Tregs, making them one of
st
the most intensely studied T cell populations of the 21
century.
Interest in Tregs took a quantum leap forward
shortly after the turn of the millennium, when it
was discovered that the gene FOXP3 was central
to Treg development and function, and could serve
as an excellent marker for these relatively rare
cells. A genetic defect in the FOXP3 gene which
precluded Treg development was found to be the
cause of a mouse multiorgan inflammatory condition
[2]
called scurfy . At roughly the same time, a similar
human condition called immune polyendocrinopathy
enteropathy X-linked (IPEX) was reported to result
from mutations in the human FOXP3 gene resulting
[3,4]
in humans with no Tregs . As the name implies, an
inflammatory enteropathy, resembling severe panintestinal Crohn’s disease, is a central feature of IPEX,
and generally causes fatal malnutrition in the absence
of a hematopoietic cell transplant (HCT).This condition
made it clear that the Tregs which had been receiving
increasing attention in murine models were also critical
for intestinal immune homeostasis in humans.

TREG MECHANISMAS OF ACTION
+

We now know that FOXP3 Tregs reside within the
intestinal lamina propria and represent up to 10% of
+
[5-8]
circulating CD4 T cells in humans . Tregs recognize
specific MHC-II-bound peptide antigens though a
clonally unique T cell receptor (TCR), just like any
+
[7,9]
other CD4 T cells . However, while other T cells will
deliver pro-inflammatory signals upon TCR ligation,
Tregs do the opposite. They inhibit the activation of
[10]
bystander T cells in a contact-dependent manner .
While no single molecular mechanism for this inhibition
has been elucidated, several regulatory signals appear
to be important (Figure 1), augmentation of which
would represent an attractive opportunity for IBD
therapy.
By definition, Tregs express more CD25 than any
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[1]

other T cells , and because CD25 is an essential
component of the high-affinity IL-2 receptor, Tregs
may absorb local IL-2, depriving nearby T cells of this
T cell growth and survival factor when its concentration
is limiting. However, IL-2 is evidently not essential for
pro-inflammatory T cell growth and survival because
[11]
mice genetically engineered to lack CD25 or the beta
[12]
chain of the IL-2 receptor (CD122)
do not develop
immunodeficiency, but rather a lymphoproliferative
disorder including spontaneous autoimmunity and
[13]
IBD. This was evidently due to a lack of Tregs , as
the latter are uniquely dependent upon IL-2. Thus,
depriving other T cells of IL-2 is certainly not central to
the inhibitory effect of Tregs in vivo.
Tregs also constitutively express more of the
immunoregulatory CTLA4 molecule (CD152) than
[8,14,15]
other T cells
, and this molecule appears to be
[15,16]
necessary for Treg inhibitory function
. CTLA4 can
bind up B7-1 (CD80) and B7-2 (CD86) costimulatory
molecules on the surface of antigen presenting
cells (APC), preventing them from costimulating
[17]
CD28 receptors on other T cells . Mice lacking the
[18]
CTLA4 gene develop multiorgan autoimmunity
not unlike mice lacking Tregs. Similarly, patients who
receive the CTLA4-blocking antibody ipilimumab as
a cancer immunotherapy can develop spontaneous
autoimmunity, including enterocolitis in over 20% of
[19,20]
recipients
, thus demonstrating the importance
of this molecule in maintaining intestinal immune
homeostasis. However, whether CTLA4’s role is
primarily mediated through Tregs is unclear, as
ipilimumab also limits CTLA4 engagement on activated
T cells.
TIGIT, a molecule analogous to CTLA4, is also
[21,22]
enriched on a subset of Tregs
, and likewise binds
costimulatory molecules (CD112, CD155) on APC,
preventing them from ligating a costimulatory receptor
(CD226) on effector T cells, and thereby inhibiting
[23]
+
the latter . TIGIT Tregs have been reported to
+
selectively inhibit Th1 and Th17 cells, the CD4 T cell
populations commonly associated with autoimmune
[24]
and inflammatory conditions like IBD . Tregs also
[25]
express PD-1 (CD279) , an inhibitory receptor that
interacts with PD-L1 (CD274) and PD-L2 (B7-DC,
CD273) on APCs and has, like CTLA4, recently become
[26-29]
a target for cancer immunotherapy
. Like CTLA4
blockade, PD-1 blockade has caused spontaneous
intestinal inflammation in clinical trials, albeit at a
[30,31]
lower rate, affecting < 10% of recipients
.
In addition to their contact-dependent immu
nomodulatory mechanisms, Tregs may control
inflammation through soluble factors. CD39 is an
ectonucleotidase preferentially expressed by Tregs,
which hydrolizes ATP and ADP to AMP, and ultimately
[32,33]
adenosine
. ATP has been reported to enhance pro[34,35]
inflammatory Th17 cells
, while adenosine may
[36-39]
inhibit effector T cells through the A2A receptor
,
so this surface receptor may change the local
environment of the Tregs to regulate inflammation.
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Figure 1 FOXP3+ Tregs may mediate their inhibitory function through multiple soluble and cell-surface factors. CTLA4, TIGIT and PD-1 interact with
costimulatory molecules on antigen presenting cells (APC). CD25 binds the T cell growth factor IL-2. CD39 converts local ATP to adenosine. The cytokines IL-10,
IL-35 and TGF-β have suppressive functions on nearby immune cells.

Reduced Treg expression of CD39 has been described
[40]
[32,32,41]
in lupus
and multiple sclerosis
, but has not
yet been described in IBD.
Tregs have also been reported to control infla
mmation through cytokines. TGF-β is expressed
by Tregs, and has immunomodulatory properties,
although it may function as a cell-surface protein on
[42]
Tregs , and may not be necessary for Treg inhibitory
[43]
function . IL-10 is likewise an immunomodulatory
[42]
cytokine made by Tregs , and is essential for pre
[44]
venting spontaneous bowel inflammation in mice
[45]
and humans . However, the immunoregulatory
roles of IL-10 and TGF-β may be more appropriately
ascribed to other “regulatory T cell” populations that
[46,47]
do not express FOXP3, namely Tr1
and Th3
[48]
cells , which are beyond the scope of this review.
+
More recently, FOXP3 Tregs have been shown to
mediate their inhibitory function through the cytokine
[49,50]
IL-35
.

isolated from the intestinal lamina propria (LP) of
IBD patients, published more than a decade ago,
demonstrated that these cells are present, express
CTLA4, and show in vitro suppressive activity against
other T cells which is no different from those of
[56]
controls . This and subsequent reports found that
these Tregs paradoxically represent a greater fraction
+
of LP CD4 T cells in the intestines of IBD patients than
[5]
healthy control subjects and are no less common
in bowel affected by IBD than in bowel inflamed for
[51]
other reasons, such as infection . Paradoxically,
Tregs are even more common in actively inflamed
[5,57-59]
than uninflamed IBD mucosa
, with a reciprocal
drop in circulating Treg frequency in the peripheral
blood of symptomatic IBD patients likely reflecting
sequestration of these cells to the site of inflammation.
Thus, the mucosal inflammation of IBD appears to be
different from that of IPEX in that it does not result
+
from any local dearth of FOXP3 cells.

TREGS IN IBD

ACTIVATION INDUCED FOXP3
EXPRESSION

A number of clinical observations and experiments
[51,52]
in animal models
have suggested that Tregs or
their inhibitory mechanisms are critical for preventing
spontaneous intestinal inflammation, and thus
suggested that a defect in Tregs may be central to the
pathogenesis of UC and/or Crohn’s disease. Out of 38
distinct animal models of IBD reviewed in 2003, nine
[51,53]
involved Tregs or their inhibitory mechanisms
.
As an iatrogenic inflammatory bowel disease, human
gastrointestinal graft vs host disease (GVHD) following
HCT has been associated with evidence of decreased
[54]
[55]
Tregs in the blood and intestinal mucosa .
Despite this wealth of data implicating Tregs in
intestinal immune homeostasis, direct evaluation of
Tregs in the intestines of IBD patients has not identified
+
+
obvious defects. The first report of CD4 CD25 Tregs
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Confounding these analyses was the discovery that
FOXP3 expression could be induced de novo in human
T cells that were originally FOXP3 negative by TCR
[60,61]
activation in the presence of TGF-β
. Thus the
+
seemingly paradoxical excess of FOXP3 cells in the
inflamed mucosa of an IBD patient could simply be
locally activated T cells. Complicating matters, by
some accounts, T cells induced to express FOXP3 by
activation are nonetheless effective regulators of other
[62,63]
immune cells in vitro
. Whether these “induced
Tregs” (iTregs) have all the same suppressive function
+
in vivo as constitutively FOXP3 “natural” Tregs (nTregs)
[64]
has been debated , and is difficult to establish
experimentally in humans. One significant difference
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between iTregs and nTregs concerns their ability to
make cytokines. Classical nTregs do not make proinflammatory cytokines, such as IL-2 or IFN-γ, and
additionally show demethylation of CpG sites in the
[6]
FOXP3 promoter . In contrast, iTregs generated from
effector T cells retain their ability to produce these
[64]
cytokines , and do not demethylate their FOXP3
[65]
promoter , although they do up-regulate CD25 and
[64]
CTLA4 to resemble nTregs , making it difficult to
discern the two Treg populations by surface markers.
Adding to the complexity, it has become clear that
the “nTregs” that constitutively express FOXP3 in
vivo are actually a mix of Tregs that either acquired
FOXP3 expression in the thymus (tTregs) or periphery
(pTregs), thus reflecting their antigen specificity and
[66]
perhaps phenotype .
The nuclear protein Helios has been shown to be
constitutively expressed by thymically-derived tTregs,
[67]
but not in vitro-generated iTregs , making this a
potentially unique marker with which to distinguish
at least these two populations. The fraction of
+
FOXP3 LP T cells that express Helios is no lower in
[68]
IBD patients than controls , suggesting that the
+
paradoxically increased FOXP3 T cells in IBD are
not exclusively iTregs. However, there is evidence
+
that activation-induced FOXP3 T cells may acquire
[69]
Helios expression , thus compromising the reliability
of Helios as a marker for distinguishing iTregs from
nTregs.
The TCR gene is uniquely rearranged in each
nascent T cell, making it a stable genetic marker
with which to identify T cells from a common clonal
origin. By comparing the TCR Vβ hypervariable domain
+
repertoires of FOXP3 and FOXP3 T cell populations
from the colon LP, it has been shown that these are
[68]
predominantly distinct populations, even in IBD .
－
Indeed, LP Helios Tregs show no more similarity in
their TCR repertoire to effector T cells than they do
+
[68]
to Helios Tregs . Thus, the paradoxically increased
+
mucosal FOXP3 cells in IBD cannot be explained
solely by activation-induced FOXP3 expression among
effector T cells.

TREG VS TH17 CELLS
Several groups have noted that an unusually high
fraction of mucosal Tregs from IBD patients are
[70-72]
able to produce IL-17A
. IL-17A is a potent proinflammatory cytokine associated with neutrophil
[73]
recruitment , and hence thought to play a central
role in anti-bacterial immune responses. It is made
by a subset of effector T cells, called Th17 cells, which
[74]
[75]
can be identified by CCR6 and CD161 expression ,
and have been implicated in multiple autoimmune
[76]
conditions . Thus, by sharing characteristics
with a potentially pathogenic class of T cells, the
+
copious intestinal FOXP3 Tregs present in IBD could
paradoxically promote rather than suppress intestinal
inflammation.
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Like iTregs, Th17 cells require TGF-β for their
development, but additionally require IL-6, which in
+
[77,78]
turn suppresses the formation of FOXP3 Tregs
.
The differentiation of Th17 cells is governed by the
[74,79]
transcription factor RORγt
instead of FOXP3. In
cells that express both transcription factors, FOXP3
physically interacts with RORγt in the nucleus to
[80]
prevent the latter from promoting IL-17A expression .
This interaction requires a region of the FOXP3 protein
[80]
encoded by exon 2 of the FOXP3 mRNA , which is
deleted in a splice variant (∆exon 2) that represents
approximately half the FOXP3 transcripts expressed by
[81]
humans . This would suggest that IL-17-producing
+
FOXP3 T cells, as seen in IBD, could be exclusively
expressing the ∆exon 2 variant of FOXP3. However,
no predominance of ∆exon 2 relative to full-length
FOXP3 expression is seen in IBD, nor are there cells
which exclusively express ∆exon 2, even among IL+
[57]
17-expressing FOXP3 T cells . Thus, how Th17-like
+
FOXP3 T cells arise in IBD remains a mystery, but
could be due to an increased responsiveness to IL-6,
as has been seen in T cells from multiple sclerosis
[82]
patients .

TREG AND THE INTESTINAL FLORA
With the recent advent of inexpensive, high-throughput
nucleic acid sequencing techniques, the bacterial
flora, or “microbiome”, of the GI tract has recently
come under intense scrutiny. Differences between
the intestinal microbiomes of people with and without
IBD have been described by many independent
[83-86]
researchers
, although it is difficult to determine
whether such differences are a cause or effect of IBD
once sufficient inflammation has occurred in the GI
tract to diagnose an individual with IBD. Nonetheless,
a leading hypothesis about the pathogenesis of IBD
dictates that the immune system is losing tolerance to
intestinal commensal flora, suggesting a dominant role
for the microbiome.
Studies in germ-free mice have demonstrated
that the gut microbiome is important for development
of the normal intestinal immune system, as reviewed
[87]
elsewhere . This includes IL-10-producing, peripherally+
induced FOXP3 Tregs, whose development can be
driven by specific intestinal microbiota in animal
[88,89]
models
. While some intestinal Treg development
may simply be due to exposure to luminal peptide
antigens, non-peptide bacterial products, such as
[90]
[88]
short-chain fatty acids or specific polysaccharides ,
are important for Treg induction in the gut. Likewise,
ingested micronutrients, such as retinoic acid, have
been shown to contribute to the peripheral generation
+
[91]
of FOXP3 Tregs in the gut . Thus, exposure of
the intestinal mucosa to the fecal stream may be
an important means by which the mucosal immune
system develops tolerance, or perhaps fails to do so in
IBD.

11239

October 28, 2015|Volume 21|Issue 40|

Lord JD. Regulatory T cells in IBD

TREG IN IBD THERAPY
Contemporaneous with the growth of research
st
on Tregs in the early 21 century was the use
of biopharmaceutical therapy for IBD and other
inflammatory conditions involving TNF-α blockade.
Perhaps as a consequence, a number of groups
analyzed the effect of anti-TNF agents, particularly
+
infliximab, on circulating FOXP3 Tregs, and found
that the latter were enriched in the peripheral blood
of patients demonstrating a good clinical response to
[92-95]
therapy
. This suggests that the blockade of TNF-α
in vivo may enhance Treg development, expansion,
or viability if this cytokine normally inhibits Tregs in
the setting of inflammation. Alternatively, because
anti-TNF drugs can cause apoptosis of TNF-producing
cells, and Tregs do not make TNF-α, it is possible this
effect reflects a selective “pruning” of the FOXP3effector T cell population rather than expansion of
+
FOXP3 Tregs. However, caution should be taken in
drawing conclusions about IBD from peripheral blood
analyses, as the intestinal lamina propria houses
more lymphocytes than the circulation. Thus selective
sequestration or release of cell populations to or from
the gut can actually cause the blood to reflect the
opposite of what is actually happening at the site of
inflammation in IBD. Indeed, the effect of anti-TNF
agents on intramucosal Tregs has been less clear, with
+
some researchers reporting a drop in FOXP3 cells on
[94]
[95]
therapy , and others reporting an increase . Further
confounding these analyses is the observation that
histological IBD activity correlates inversely with Treg
[5,57-59]
frequency in tissue sections
, such that a drop in
tissue Tregs in the setting of effective therapy could
obscure any local enrichment, and if mediated by a
release of Tregs into circulation, produce the observed
increase in blood Tregs.
The effect of other immunosuppressive therapies
on Tregs has been less intensely studied in IBD, but
data exists from other conditions for which these
drugs are used. In liver transplant recipients, use of
the immunosuppressive drug azathioprine has been
+
paradoxically associated with decreased colonic FOXP3
cells, although only as cotherapy with prednisone
[96]
and calcineurin inhibitors . Likewise, in autoimmune
hepatitis, azathioprine use, again in conjunction
with prednisone, resulted in decreased intrahepatic
Tregs, although a higher ratio of these Tregs to other
[97]
lymphocytes correlated with biochemical remission .
Although these effects could be attributed to cotherapy
with prednisone, studies in asthmatics have shown
no effect of oral glucocorticoids on circulating Treg
[97]
frequency . Furthermore, as with anti-TNF agents,
it is difficult to demonstrate that changes in Tregs
associated with a given therapy represent a cause or
effect of changes in inflammatory activity. Whether the
newer anti-integrin biopharmaceutical vedolizumab
will have an effect on intramucosal Tregs has yet to
be seen, but a similar agent, natalizumab, did not
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alter the ratio of Tregs to other T cells in the intestinal
[98]
mucosa of Crohn’s patients receiving it .

TREGS AS IBD THERAPY
Shortly after their discovery, Tregs were proposed as
a potential therapy for autoimmune or inflammatory
disease in more reviews and editorials than can be
listed here. Indeed, in many animal models, adoptive
transfer of Tregs proved effective for the prevention or
[99]
treatment of inflammatory conditions, including IBD .
However, more than a decade later, the application of
Tregs to human disease has been surprisingly limited.
Given their rarity in peripheral blood, a major obstacle
to therapeutic application of Tregs has been simply
having enough Tregs to administer, so much work went
into expanding or generating Tregs in vitro into a large,
stable population with stable suppressive function.
The earliest and most extensive efforts applying Tregs
as anti-inflammatory therapy have been directed at
[100-102]
GVHD complicating HCT
, a condition which,
like IBD, commonly involves deregulated intestinal
inflammation. As an alternative to adoptive transfer
of in vitro expanded Tregs, in vivo expansion of
Tregs post HCT through the use of low-dose IL-2 has
[103-105]
demonstrated efficacy against GVHD
. Low dose
[106,107]
IL-2 also expanded Tregs in type-Ⅰ diabetes
,
but it paradoxically accelerated autoimmunity, even
when given with the immunosuppressant rapamycin,
perhaps because it also expanded eosinophils and NK
[107]
cells
. However, some efficacy has been seen with
[108,109]
adoptive transfer of Tregs in type-Ⅰ diabetes
.
The first trial of adoptive transfer of Tregs as a
therapy for IBD was recently published as an 8-wk,
open-label, dose-ranging study involving 20 Crohn’s
[110]
patients
. In contrast to the aforementioned trials
in GVHD and diabetes, the transferred Tregs were
selected and cloned to be specific for a dietary antigen
(chicken egg ovalbumin) so that antigen-specific
activation of the transferred cells could be stimulated
in the gastrointestinal tract through an egg-intensive
diet (meringue cake). 40% of recipients demonstrated
clinical improvement, although the most improvement
was paradoxically seen in recipients of the smallest
6
number of Tregs (10 ), and only minimal improvement
was observed by objective measures of inflammation,
such as C reactive protein and fecal calprotectin.
Thus, the efficacy of Tregs as IBD therapy was neither
straightforward nor overwhelming, suggesting that
other factors, such as Treg antigen specificity or
inhibitory function, may be more important than
Treg numbers. Curiously, the number of circulating
+
FOXP3 T cells decreased in responders, while rising
in non-responders. However, the frequency of Tregs
in the intestines was not evaluated, so this dichotomy
could reflect mucosal Treg sequestration if such
a phenomenon was associated with therapeutic
response.
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CONCLUSION
Despite extensive interest in Tregs as central mediators
of intestinal immune homeostasis, there is surprisingly
little evidence that a defect in Tregs is associated with
either form of human IBD. The fact that inflammation
persists in Crohn’s and UC despite an excess of Tregs
in the mucosa relative to healthy bowel indicates
that the inflammation of IBD is resistant to their
presence. Whether the mucosal Tregs of IBD patients
are intrinsically defective in their ability to regulate
mucosal inflammation in vivo is unknown, but in vitro
[56,58,59]
assays have shown no such functional defect
.
Alternatively, Treg-extrinsic factors could undermine
the immunoregulatory function of Tregs. Other
immune cells, such as FOXP3-negative effector T cells,
could be resistant to the inhibitory function of Tregs
in IBD, as has been described in multiple sclerosis
[82,111]
and diabetes
. Mucosal dendritic and other
antigen presenting cells with which Tregs and other
T cells interact could deliver signals which undermine
Treg-mediated inhibition. Finally, the mucosal micro
environment in general, including soluble factors
and components of the extracellular matrix, such as
[112]
hyaluronic acid
, could be actively detrimental to,
or passively unsupportive of, the inhibitory function
of Tregs in IBD. A better understanding of the factors
that undermine Treg function in IBD will be necessary
before the promise of Tregs as an IBD therapy can
ultimately be realized.
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Abstract
The optimal method for monitoring quiescent disease
in patients with Crohn’s disease (CD) and ulcerative
colitis is yet to be determined. Endoscopic evaluation
with ileocolonoscopy is the gold standard but is inva
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sive, costly, and time-consuming. There are many
commercially available biomarkers that may be used in
clinical practice to evaluate disease status in patients
with inflammatory bowel disease (IBD), but the most
widely adopted biomarkers are C-reactive protein (CRP)
and fecal calprotectin (FC). This review summarizes the
evidence for utilizing CRP and FC for monitoring IBD
during clinical remission and after surgical resection.
Endoscopic correlation with CRP and FC is evaluated in
each disease state. Advantages and drawbacks of each
biomarker are discussed with special consideration
of isolated ileal CD. Fecal immunochemical testing,
traditionally used for colorectal cancer screening, is
mentioned as a potential new alternative assay in the
evaluation of IBD. Based on a mixture of information
gleaned from biomarkers, clinical status, and endoscopic
evaluation, the best treatment decisions can be made
for the patient with IBD.
Key words: Inflammatory bowel disease; Crohn’s
disease; Ulcerative colitis; Fecal calprotectin; C-reactive
protein; Fecal immunochemical test; Biomarkers;
Remission; Postoperative recurrence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: C-reactive protein (CRP) is not specific
for intestinal inflammation but does have modest
correlation with clinical and endoscopic findings in
inflammatory bowel disease patients. CRP can be
falsely low despite active mucosal inflammation and
is more reliable in cases of transmural inflammation.
Fecal calprotectin (FC) is more specific than CRP for
intestinal inflammation, except in isolated ileal disease.
FC better correlates with endoscopic findings than
CRP and is useful in monitoring Crohn’s patients for
postoperative recurrence. Optimal FC cutoffs are still
being determined.
Chang S, Malter L, Hudesman D. Disease monitoring in

11246

October 28, 2015|Volume 21|Issue 40|

Chang S et al . Biomarkers in monitoring IBD
inflammatory bowel disease. World J Gastroenterol 2015;
21(40): 11246-11259 Available from: URL: http://www.wjgnet.
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INTRODUCTION
The clinical course of inflammatory bowel disease
(IBD) varies widely from patient to patient. Whereas
some patients are able to stay in remission for years
with minimal treatment, other patients have a chronic,
relapsing course with frequent flares despite aggressive
[1]
therapy . Twenty percent of Crohn’s patients will
relapse yearly, and 67% of Crohn’s patients cycle
between relapse and remission in the first 8 years
after diagnosis. In ulcerative colitis (UC), there is a
[2]
9% to 21% 10-year cumulative risk of colectomy .
Given the known risk of disease progression in IBD, it
is important to monitor for active disease and optimize
treatment plans accordingly.
In the past, physicians have focused on clinical
symptoms and clinical remission to guide treatment.
However, it has been established that a patient’s clinical
symptoms, particularly with Crohn’s disease (CD), are
[3]
frequently inconsistent with endoscopic findings . More
recently, the goal of mucosal healing has emerged
[4]
as the new treatment target . In multiple trials,
mucosal healing has been shown to improve longterm outcomes such as avoidance of surgery and fewer
[5-7]
hospitalizations . While endoscopic evaluation is the
gold standard for assessment of mucosal inflammation,
less invasive and less time-consuming modalities for
assessing inflammation are valuable in day-to-day
management.
Relapses are often difficult to predict. The goal
of disease monitoring is to identify patients at risk
for relapse in order to treat earlier, with the hope of
maintaining remission and avoiding irreversible bowel
damage such as fistulas and strictures that may lead
to surgery.
The optimal method for monitoring disease activity
in CD and UC is still being defined. Current modalities
for assessing disease activity include colonoscopy,
clinical assessment tools, serum biomarkers, fecal
biomarkers, and imaging examinations such as CT
enterography, small bowel follow-through, and MR
enterography.
Many quantifiable laboratory assessments have
been studied for evaluation of disease activity in
IBD. Examples of commonly available serum lab
assays include C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), leukocytes, platelets,
ferritin, haptoglobin, ceruloplasmin, α-1-antitrypsin,
[8]
plasminogen, complement factors, and fibrinogen .
More experimental serum assays that are not widely
commercially available include orosomucoid (α-1acid glycoprotein), interleukin 6 (IL-6), sialic acid,
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and serum amyloid A. Stool assays for detecting
inflammation include fecal calprotectin (FC), lactoferrin,
polymorphonuclear elastase, myeloperoxidase, metall
[9]
oproteinase-9, and neopterin. MicroRNA species and
[10]
proteomic profiles , available only in research settings,
have also been shown to differentiate active vs inactive
IBD.
Of these diverse assays, CRP and FC are the
most widely adopted in clinical practice for disease
monitoring in IBD. This is a review of the current
medical literature regarding the use of these two
commonly utilized biomarkers for monitoring of disease
to predict relapse in patients in clinical remission and
in the postoperative setting.

CRP
C-reactive protein was first described in 1930 by
[11]
Tillet and Francis . Patients with pneumonia were
noted to have serum that precipitated when brought
in contact with bacterial “Fraction C” substance in the
supernatant. This precipitant was no longer present
in serum after the pneumonia resolved but was
persistently present in lethal cases.
CRP is a pentameric, acute-phase protein made
[12]
by hepatocytes . The half-life of CRP is 19 hours,
which allows for rapid rising and falling of levels
with onset of and resolution of inflammatory states,
respectively. Healthy individuals have low levels of CRP
in circulation, usually less than 1 mg/L, but levels can
[13]
rise 100-fold in periods of acute inflammation .
CRP is not a specific marker for intestinal inflam
mation. Measurements of CRP may be elevated for
other reasons such as infection or extraintestinal
inflammation. CRP has been studied outside of
gastroenterology to predict disease outcomes after
myocardial infarction and diagnosis of multiple
[14,15]
myeloma
. In IBD, CRP has been significantly
associated with other biomarkers of inflammation
including ESR, thrombocytosis, anemia, and hypoal
[16]
buminemia . As a biomarker, CRP is appealing
because it is inexpensive, minimally invasive, and
quick to result.

CRP Correlation with Endoscopy
CRP is often used to monitor for occult internal
inflammation when patients are clinically asym
ptomatic. In general, CRP is more frequently elevated
in active transmural CD than in mild to moderate
[17-20]
mucosal inflammation associated with UC
. Though
not always accurate or specific, clinical disease activity
in adults and children with CD has been shown to
[16,21,22]
correlate with CRP level
. However, 20%-25% of
CD patients having flares do not exhibit increased CRP
due to genetic single nucleotide polymorphisms in the
[23]
CRP gene, which affects CRP production .
Several studies have reported good correlation
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an insufficient number of studies to calculate separate
CRP performance metrics for UC and CD. The authors
suggested a CRP cutoff of greater than 5mg/dL to
indicate active endoscopic disease.

Table 1 Endoscopic score correlation with C-reactive protein
Ref.
Sipponen et al[88]
Schoepfer et al[77]
af Björkesten et al[25]
Lobatón et al[48]

Disease

Endoscopic
tool

Correlation

P value

CD
CD
CD
UC

CDEIS
CDEIS
SES-CD
Mayo

r = 0.608
r = 0.75
r = 0.56
r = 0.307

< 0.001
< 0.010
< 0.001
< 0.001

Prediction of relapse using CRP

CDEIS: Crohn’s disease endoscopic index of severity; SES-CD: Simple
endoscopic score for Crohn’s disease; r: Spearman’s rank correlation
coefficient.

between CRP levels and findings seen during endo
[16,24,25]
[16]
scopy
(Table 1). Solem et al
reported a
retrospective cohort of 104 CD patients. CRP was
found to be normal in 75% of the CD patients with
normal ileocolonoscopy. On the other hand, CRP
elevations were significantly associated with active
mucosal inflammation on colonoscopy (OR = 3.5,
95%CI: 1.4-8.9) defined as erosions, ulcerations,
spontaneous bleeding, exudate, friability, granularity,
cobblestoning, extensive erythema, inflammatoryappearing nodularity, and masses. CRP elevations
(> 0.8 mg/dL) were significantly associated with
moderate to severe clinical activity (OR = 4.5,
95%CI: 1.1-18.3) as defined by ACG clinical practice
[26]
guidelines
(Table 2). Notably, in this study, there
was no significant correlation between abnormal small
bowel imaging and CRP elevation, suggesting that CRP
could be normal in patients with isolated small bowel
CD, but there was no subgroup analysis of isolated
endoscopic ileitis in relation to CRP.
[27]
Henriksen et al
studied CRP levels according to
disease subtype in 176 Crohn’s patients and 371 UC
patients. For CD, there were no significant differences
in CRP levels based on disease localization (ileitis,
colitis, or ileocolitis), showing that isolated ileal disease
also caused a rise in CRP. For both UC and CD, CRP
responses increased based on extent of disease.
However, the mean and median levels of CRP in UC
were within the normal range for CRP (< 10 mg/L) for
all disease subgroups, making CRP less informative in
UC disease monitoring.
In a prospective study of 64 CD patients on antiTNF therapy, endoscopic SES-CD activity score
correlated better with CRP (r = 0.56, p < 0.001)
than with clinical indices including the CD Activity
Index (CDAI) (r = 0.40, p < 0.001) and the Harvey
[25]
Bradshaw Index (HBI) (r = 0.32, p < 0.001) .
However, CRP was not reliable in predicting endoscopic
remission; the CRP was falsely negative (< 3 mg/
L) nearly twice as often as the SES-CD indicated
endoscopic remission.
[28]
Mosli et al completed a meta-analysis comprised
of 19 studies (n = 2499 IBD patients) to characterize
CRP correlation with endoscopic disease activity.
For IBD, CRP levels had a pooled sensitivity and
specificity of 49% and 92%, respectively. There were
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High CRP levels correlate with clinical relapse in both
[29-32]
short-term and long-term follow up
. Various
studies have reported an increased risk of relapse
[30-32]
with the relative risk ranging from 3 to 58
. In
severe UC flares, high CRP, combined with high
stool frequency and low serum albumin, has been
associated with higher likelihood of failure to respond
[33,34]
to medical therapy
. There is also a 6-times higher
risk of hospitalization (OR = 6.82, 95%CI: 2.5-18.58;
[35]
p < 0.0001) with elevated CRP in CD patients .
In analysis of the GETAID trial, 71 CD patients in
medically-induced clinical remission had CRP, complete
blood count, erythrocyte sedimentation rate (ESR),
alpha-1 antritrypsin, and orosomucoid, checked
[32]
every 6 wk . Thirty-eight patients clinically relapsed,
defined as a CDAI greater than 150 or increase of at
least 100 points from baseline, after a median of 31
wk. Only ESR greater than 15 mm and CRP greater
than 20 mg/L predicted clinical relapse. Levels of CRP
were noted to rise 4 to 6 mo prior to clinical relapse,
suggesting that routine measurement of biomarkers
every 3-4 mo could alert the clinician that an alteration
in therapy may be necessary.
Achieving not only clinical remission but also
mucosal healing may lead to higher rates of longterm response or remission. In post-hoc analysis
for the ACCENT-1 trial, 137 CD patients in clinical
remission had CRP levels measured after induction
with infliximab. At week 14, 56.6% of patients with a
CRP less than 0.5 mg/dL vs 37.2% of patients with a
CRP greater than 0.5 mg/dL maintained response to
[36]
infliximab through 54 wk (p = 0.005) .
Rapid normalization of CRP levels correlates with
[37]
sustained long-term response to infliximab
and
[24]
[37]
adalimumab . Jurgens et al
evaluated 268 CD
patients who had responded to infliximab induction.
Of these patients, 197 patients (73.5%) had increased
CRP levels at baseline. Ninety-two patients (46.7%)
had CRP normalization (< 3 mg/L) at week 4, and
another 29 (14.7%) had CRP normalization after
10 wk. Kaplan-Meier curves indicated that CRP
normalization after 4 wk of therapy had long-term
benefit (p < 0.001) out to 5 years with a PPV of
[38]
63%. Karmiris et al
reported similar findings for CD
patients with baseline elevated CRP and normalization
of CRP (< 3 mg/L) at both weeks 4 and 12 predicting
less frequent discontinuation of adalimumab and
longer sustained clinical benefit up to 2 years of follow
[24]
up. Kiss et al
reported low CRP at week 12 (< 10
mg/L) as being a predictor of clinical remission at 52
wk (OR = 4.61, p < 0.001) during the first year of
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Table 2 C-reactive protein values and correlating endoscopic scores
Ref.

Disease

Endoscopic tool

Endoscopic score (descriptor)

Calculation

Falvey et al[71]

CD

SES-CD

Mean (95%CI)

Sipponen et al[88]

CD

CDEIS

Schoepfer et al[77]

CD

SES-CD

0-2 (inactive)
3-6 (mild)
7-15 (moderate)
> 16 (severe)
< 3 (inactive)
3-9 (mild)
9-12 (moderate)
≥ 12 (severe)
0-3 (inactive)
4-10 (mild)
11-19 (moderate)
≥ 20 (high)

Median (95%CI)

Mean (range)

CRP scores
2.9 mg/L (1.8-4.6)
4.0 mg/L (2.6-6.1)
5.1 mg/L (3.0-9.0)
22 mg/L (12.5-38.9)
0.0 mg/L (0-21)
0.0 mg/L (0-26)
8.5 mg/L (0-85)
16.5 mg/L (0-211)
12 mg/L (3-94)
8 mg/L (3-53)
23 mg/L (3-172)
40 mg/L (5-121)

CDEIS: Crohn’s disease endoscopic index of severity; SES-CD: Simple endoscopic score for Crohn’s disease.

adalimumab therapy.
Conversely, CRP levels are frequently elevated in
[37]
patients who lose response to biologics . Elevated
CRP may be a sign of low drug level and a harbinger
of ensuing loss of response and clinical relapse. In
[37]
Jurgens et al , 57 CD patients who were responders
to induction with infliximab had CRP and infliximab
levels evaluated at week 14. In 75% of the patients
who had clinical response after induction, a decrease
in infliximab levels preceded loss of response by week
54. In 60% to 80% of patients with elevated CRP
greater than 5 mg/L, the infliximab level was less
than 1 μg/mL. CRP has also been shown to correlate
better with low infliximab levels (< 1 μg/mL) than with
[39]
clinical assessment using CDAI .
Higher CRP levels are also associated with an
increased risk of surgery. In a Norwegian study, UC
patients with a CRP above 23 mg/L at diagnosis were
4.8 times more likely to have surgery in the future
(95%CI: 1.5-15.1, p = 0.02). At 1 year, UC patients
with a CRP level greater than 10 mg/L were 3 times
more likely to require surgery in the next 4 years
[27]
(95%CI: 1.1-7.8, p = 0.02) . CD patients with
terminal ileitis were 6 times more likely to need future
surgery if CRP levels at diagnosis were above 53 mg/L
(95%CI: 1.1-31.9, p = 0.03).

Predicting Postoperative
Recurrence With CRP
Postoperative recurrence of CD is common. Up
to 80% of CD patients will require surgery during
their lifetime, and 70% of these patients will need a
[40]
second surgery . Predicting recurrence of CD after
intestinal resection for strictures and fistulizing disease
is difficult. Half of patients in clinical remission have
[41]
ileocolonic ulcerations on endoscopic examination .
Treatment is tailored to the individual patient based on
his or her risk of recurrence. The best biomarker for
determining which postoperative CD patients are at
highest risk of recurrence is not known. There are few
studies dedicated solely to the evaluation of CRP and
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postoperative CD recurrence.
Previous studies report mixed results regarding the
use of CRP for monitoring for postoperative recurrence
[42]
in CD. Regueiro et al
reported a prospective
cohort of 25 postoperative CD patients with CRP
levels measured prior to surgery and then at 54 wk
postoperatively. At 54 wk, there was no significant
increase in CRP in patients who relapsed as compared
to patients remaining in remission. CRP also did not
correlate significantly with endoscopic scores in this
study.
A smaller study has shown correlation between CRP
[43]
and postoperative recurrence . In 12 postoperative
CD patients on infliximab without endoscopic or clinical
recurrence after 3 years, infliximab was stopped;
ten of 12 patients had endoscopic recurrence after
16 wk (Rutgeerts score > i2). After cessation of
infliximab, CRP increased significantly in all patients
compared to baseline (12.5 ± 4 mg/L vs 3.0 ± 1.4
[43]
mg/L, p < 0.001) . Once infliximab was resumed
in a dose-dependent fashion (1 to 3 mg/kg), the CRP
significantly decreased (p < 0.0001). In this study, CRP
significantly correlated with postoperative endoscopic
recurrence, but again, the main limitation of this study
is the small sample size. A recent study of 86 CD
patients who underwent ileocolonic resection found a
weak but significant difference in high sensitivity CRP
(hsCRP) concentrations between patients in endoscopic
remission and patients with recurrence (3.0 ± 0.7 mg/
[44]
L vs 8.5 ± 1.4 mg/L; p = 0.0014) .
In summary, an elevated CRP has been shown to
positively correlate with endoscopic disease activity
and may predict ensuing relapse while a patient is in
clinical remission. Therefore, a persistently elevated
CRP in both CD and UC should prompt further
investigation with further blood work, stool studies for
infection, and endoscopic evaluation to evaluate for
active disease. On the other hand, normal CRP levels
in UC patients should be interpreted with caution as
endoscopic disease may still be present. For predicting
postoperative recurrence of CD, there is not strong
data supporting the use of CRP or hsCRP.
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positively correlate with age in 320 normal adult
[59]
subjects, ages 50 to 70 . Likewise, normal volunteers
60 years or older had higher FC levels than patients
[60]
[61]
aged 10 to 59 . However, infants and children less
[60]
than 10 years old have higher FC levels than adults.

Table 3 Endoscopic score correlation with fecal calprotectin
Ref.

Disease

Endoscopic
tool

Correlation

af Björkesten et al[25]
Sipponen et al[88]
Sipponen et al[49]
Sipponen et al[62]
Schoepfer et al[77]
Lobatón et al[74]

CD
CD
CD
CD
CD
CD

SES-CD
CDEIS
SES-CD
CDEIS
SES-CD
CDEIS

Lobatón et al[48]

UC

Mayo

Takashima et al[67]
Røseth et al[66]
D’Haens et al[64]

UC
UC
UC
CD
CD

Mayo
Mayo
Mayo
CDEIS
SES-CD

r = 0.560
r = 0.831
r = 0.642
r = 0.729
r = 0.530
r = 0.7221
r = 0.7692
r = 0.7411
r = 0.7272
r = 0.580
r = 0.570
r = 0.623
r = 0.419
r = 0.490

P value
< 0.001
< 0.001
< 0.001
< 0.001
< 0.010
< 0.001
< 0.001
< 0.001
< 0.001
< 0.0001
< 0.0001
< 0.001
< 0.001
< 0.001

FC Correlation with Endoscopy

1

FC-ELISA; 2FC Q-POCT (quantitative-point-of-care test). CDEIS: Crohn’s
disease endoscopic index of severity; SES-CD: simple endoscopic score for
Crohn’s disease; r: Spearman’s rank correlation coefficient.

FC

First described in 1980, calprotectin is a 36 kilodalton
inflammatory protein found in the cytosol of human
[45,46]
neutrophils, macrophages, and monocytes
.
Calprotectin comprises up to 60% of neutrophil cystolic
proteins. The presence of calprotectin in the feces is
directly proportional to neutrophil migration into the
[12]
gastrointestinal tract during times of inflammation .
FC is a stable marker, resistant to degradation,
that can be detected in stool for more than one week
[47]
at room temperature . Two FC assays are currently
available: ELISA and a quantitative point-of-care[48]
test (FC-QPOCT) . Fecal lactoferrin, another stool
neutrophil protein, is frequently paired with FC in
clinical studies and generally has similar to slightly
lower sensitivity and specificity when compared to
[49-52]
FC
.
Many gastrointestinal conditions can lead to
elevations in FC concentrations including IBD, pouchitis,
diverticulitis, malignancy, infections, nonsteroidal
anti-inflammatory drug (NSAID) enteropathy, celiac
[53-55]
disease, and microscopic colitis
. Though cal
protectin is nonspecific and may be elevated in other
gastrointestinal conditions, there is a substantial body
of evidence supporting the use of FC in management of
IBD.
Calprotectin levels have been reported to have
[56]
low day-to-day variability in CD. Naismith et al
measured three consecutive days of FC levels in 98
patients with CD in clinical remission. An intraclass
correlation (ICC) of 0.84 (95%CI: 0.79-0.89), low
variability across patient samples, was reported. On
the other hand, FC levels in UC patients have been
[57]
shown to have high within-day variability . Sampling
the first bowel movement of the morning has been
[58]
suggested to avoid falsely low measurements .
To further complicate matters, variations exist in FC
levels depending on age. FC levels have been shown
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FC has been used to monitor patients during periods of
quiescent disease. There is poor correlation between
clinical assessment tools such as the CDAI with
[3,49,62]
endoscopic inflammation in CD patients
.
UC patients in clinical remission tend to have
FC levels that positively correlate with endoscopic
[63-66]
[65]
inflammation
. A study by Schoepfer et al
reported better correlation of endoscopic activity with
FC than with other markers of inflammation including
CRP, platelets, and serum leukocytes. In a recent study
[67]
by Takashima et al , there was significant correlation
of Mayo endoscopic scores with FC (r = 0.58; p <
0.0001) in 92 patients with UC.
[28]
In the meta-analysis by Mosli et al , FC predicted
endoscopic activity with overall higher sensitivity than
CRP, as expected. The pooled sensitivity and specificity
of FC for endoscopically active IBD was 88% and
73%, respectively. When UC and CD were considered
separately, UC exhibited equivalent sensitivity (88%
vs 87%, respectively) but superior specificity (73%
vs 67%) when compared to CD. An optimal FC cutoff
of greater than 50 μg/g was calculated to signify
endoscopically active disease. Stool lactoferrin had
similar sensitivity and specificity (82% and 79%,
respectively). A lactoferrin cutoff of greater than
7.25 μg/mL was calculated for endoscopically active
disease.
In CD, clinical remission does not consistently
[68,69]
correlate with FC levels
. Detecting subclinical
inflammation is a high priority in CD to prevent longterm complications such as fibrostenotic strictures and
perianal fistulae. However, endoscopic scores have
[25,49,62,
been shown to correlate with FC levels in adults
64,70,71]
[72,73]
and children
(Tables 3 and 4). In a group of
[64]
87 CD patients, D’haens et al
showed a significant
correlation in adults between FC and CDEIS scores
(r = 0.419, p < 0.001) and SES-CD (r = 0.49, p <
0.001) scores. Using receiver operating characteristic
(ROC) curves, a cutoff of less than 250 μg/g correlated
with endoscopic remission (CDEIS < 3) with high
sensitivity (94.1%), moderate specificity (62.2%),
and high negative predictive value (96.6%). Roseth et
[70]
al
found that 44 out of 45 patients with a FC level
< 50 mg/L had completely normal ileocolonoscopies.
Moreover, by evaluating 18 of the stool samples from
these same patients during previously active disease,
the median FC level had been elevated to 3000 mg/L (p
< 0.0001).
Isolated ileal CD impacts FC correlation with
endoscopic scores. In a series of 87 consecutive ileo
colonoscopies, there was a significant correlation with
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Table 4 Fecal calprotectin values and correlating endoscopic scores
Ref.

Disease

Endoscopic tool

Endoscopic score (descriptor)

Calculation

Calprotectin scores

Falvey et al[71]

CD

SES-CD

mean (95%CI)

Sipponen et al[49]

CD

SES-CD

Sipponen et al[62]

CD

CDEIS

Schoepfer et al[77]

CD

SES-CD

Lobatón et al[48]

CD

CDEIS

0-2 (inactive)
3-6 (mild)
7-15 (moderate)
16+ (severe)
≤ 3 (inactive-mild)
> 3 (active)
< 3 (inactive)
3-9 (mild)
9-12 (moderate)
> 12 (severe)
0-3 (inactive)
4-10 (mild)
11-19 (moderate)
≥ 20 (high)
< 3 (endoscopic remission)
≥ 3 (endoscopic activity)

55 μg/g (25-123)
167 μg/g (97-288)
366 μg/g (192-698)
732 μg/g (338-1587)
37 μg/g (13-166)
686 μg/g (18-15326)
63 μg/g (11-869)
170 μg/g (17-2440)
1014 μg/g (123-2284)
2066 μg/g (323-18575)
104 μg/g (10-725)
231 μg/g (12-1009)
395 μg/g (68-912)
718 μg/g (93-1327)
101.8 μg/g (30-1620.9)
1211.9 μg/g (122-1800)

Median (range)
Median (range)

mean (range)

Median (range)

CDEIS: Crohn’s disease endoscopic index of severity; SES-CD: Simple endoscopic score for Crohn’s disease.

[49]

FC and ileocolonic or colonic disease (p < 0.001) .
However, in isolated ileal CD, FC did not correlate with
endoscopic SES-CD scores (p = 0.161) but did correlate
with histology (p < 0.001). In a slightly larger study of
115 ileocolonoscopies, endoscopic findings exhibited
excellent correlation with FC in ileocolonic disease (r =
0.879; p < 0.001) but only moderate correlation in ileal
[74]
[75]
disease (r = 0.437; p = 0.016) . Sipponen et al
found low sensitivity (59%) and moderate specificity
(71%) when using FC to predict inflammatory small
bowel lesions on subsequent capsule endoscopy.
In a more recent study of 44 patients with CD, 9
patients with isolated ileal disease had significantly
lower FC levels when compared to patients with
ileocolonic disease (297 ± 81 μg/g vs 1523 ± 97 μg/g,
[76]
p < 0.0001) . However, even though the levels of FC
were significantly lower in isolated ileal disease, the
FC levels were still elevated. Despite lower FC levels in
patients with isolated ileal disease, there was still good
overall correlation with SES-CD endoscopic scores (r
= 0.76, p < 0.0001). Separate analysis of SES-CD
correlation with FC levels in isolated ileal disease was
not reported.
[77]
Schoepfer et al
described good correlation bet
ween FC levels and SES-CD for isolated ileal disease (r
= 0.649, p < 0.001), but again, correlation between FC
levels and SES-CD for ileocolonic disease was better (r
= 0.795, p < 0.001).
In a study of children with CD, levels of FC were
similar between isolated ileal disease and ileocolonic
disease. In 60 newly diagnosed children with untreated
CD, the median level of FC did not differ between
children with isolated small bowel disease (47 patients)
(2198 μg/g) and children with colonic involvement
[78]
(2400 μg/g) .

Prediction of Relapse Using FC
Despite continuous treatment, the majority of IBD
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patients will relapse. Evaluating which asymptomatic
patients have smoldering subclinical inflammation
is key to preventing further intestinal damage.
Anticipating and altering treatment proactively helps
prevent long-term complications. Approximately 35%
of CD patients develop at least one fistula during the
course of disease, and fistulas recur in one-third of
[79]
patients . Twenty-five percent of CD patients will
[80]
have at least one small bowel stricture .
FC has been shown to correlate with histologic
[81]
inflammation and to successfully predict relapses . In
a single-center, prospective study, 92 Crohn’s patients
in clinical remission (CDAI < 150) were observed for
12 mo. Ten patients (11%) relapsed by the end of one
year. Median levels of FC were higher for relapsers
than nonrelapsers (414 μg/g vs 96 μg/g, respectively;
[82]
[82]
p < 0.005) . In this study, Naismith et al calculated
that a FC greater than 240 μg/g was associated with
a 12 times increased risk of relapse (Table 5). A metaanalysis of 6 studies with a total of 672 IBD patients
(318 UC and 354 CD) reported a composite sensitivity
of 78% (95%CI: 72-83%) and specificity of 73%
[83]
(95%CI: 68%-77%) for predicting relapse using FC .
However, this meta-analysis did not report an optimal
cutoff value for predicting relapse nor did the authors
include CD patients with isolated ileal disease. Several
studies have calculated optimal FC cutoffs to predict
presence of endoscopic disease (Table 6).
Elevated FC levels have been reported to be
present up to three months prior to clinical pre
[84,85]
[84]
sentation of a UC flare
. De Vos et al
used FC
levels to prospectively follow 87 patients with UC
on maintenance infliximab therapy. FC levels were
collected every 4 wk. Of these patients, 30 (34.4%)
sustained deep remission (partial Mayo score < 3 and
endoscopic Mayo score of 0 at one year) while 13
(14.9%) relapsed (Mayo score ≥ 2 or need for change
in treatment) during one year follow-up. Those patients
in deep remission maintained very low FC levels (< 40
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Table 5 Calprotectin cutoffs for predicting clinical relapse
Ref.

Disease

FC value

García-Sánchez et al[107]

UC
CD
UC/CD
CD
CD
UC
CD
UC/CD

> 120 μg/g
> 200 μg/g
> 50 μg/g
> 340 μg/g
≥ 240 μg/g
> 150 μg/g
> 150 μg/g
> 130 mg/kg

Tibble et al[108]
Kallel et al[109]
Naismith et al[82]
Costa et al[110]
D’Inca et al[103]

Relative risk

Sensitivity (%)

Specificity (%)

80

60

90
80
80
89
87
68

83
90.7
74.4
92
43
67

6
4
13
18
12.18
14
2
-

FC: Fecal calprotectin.

Table 6 Calculated fecal calprotectin cutoffs based on endoscopic score
Ref.

Disease

Guidi et al[111]
D’Haens et al[64]
Sipponen et al[88]
af Björkesten et al[25]
Lobatón et al[48]
Takashima et al[67]

Endoscopic tool

UC/CD
CD
UC
CD
CD
UC

CDEIS
CDEIS
Mayo
CDEIS
SES-CD
Mayo

UC

Mayo

Score

FC cutoff

< 3 (mucosal healing)
< 3 (inactive)
1-3 (any inflammation)
≥ 3 (active)
0 (inactive)
0-1 (inactive-mild)1
0-1 (inactive-mild)2
0 (inactive)

121 μg/ga
250 μg/g
250 μg/g
200 μg/g
94 μg/g
250 μg/g1,b
280 μg/g2,b
250 μg/g

Sensitivity

Specificity

PPV

NPV

(%)

(%)

(%)

(%)

57
62.2
100
100
78
89.7
89.1
62

48.5
100
100
86.2
86
61

79
94.1
71
87
82
73.5
75.4
82

96.6
47.1
70
79.5
80.3
83

1

FC-ELISA; 2FC-POCT; ap = 0.038; bp < 0.001 vs control. CDEIS: Crohn’s disease endoscopic index of severity; SES-CD: simple endoscopic score for Crohn’s
disease; FC: fecal calprotectin.

mg/kg) with each sample analysis. Patients who flared
exhibited elevated FC levels (> 300 mg/kg) beginning
3 mo prior to relapse. Interestingly, two consecutive
FC levels greater than 300 mg/kg could predict relapse
with a sensitivity of 61.5% and specificity of 100%.
[85]
Molander et al
monitored patients in endoscopic
remission after infliximab cessation. Over one year
of follow up after infliximab cessation, 15 UC patients
(31%) and 34 CD patients (69%) relapsed. The
patients who relapsed were found to have consistently
elevated FC levels for a median of 94 d prior to
relapse. There was a significant increase in FC levels at
2, 4, and 6 mo before endoscopic relapse (p = 0.0014,
0.0056, 0.0029, respectively). This suggests that the
trend, rather than an isolated measurement, may be
more valuable in predicting relapses.
[86]
Lasson et al
conducted a prospective, ran
domized, controlled study focused on altering therapy
based on FC levels. They collected monthly FC
levels in 91 UC patients with mild to moderate UC.
If the FC value was higher than 300 μg/g on two
consecutive measurements within one week, the dose
of 5-aminosalicylates (5-ASAs) was escalated to try
to prevent relapse. Of the patients with FC greater
than 300 μg/g, the patients who had dose escalation
of 5-ASAs had significantly reduced relapse rates as
compared to patients in the control group (p < 0.05).
In 18 of 28 patients (64.3%) in the dose escalation
arm, their FC values dropped to less than 200 μg/g.
Calprotectin has been used to predict response to
anti-TNF treatment during short-term follow-up periods.
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Several studies reported a significant correlation
between decreases in FC and short-term endoscopic
[50,87,88]
remission
. In one Dutch study of 53 patients with
UC, patients in endoscopic remission at week 10 after
infliximab induction had a steep decrease in week 2 FC
levels as compared to pretreatment levels. At week 10,
there was an excellent AUC for endoscopic remission
[87]
and FC (AUC 0.91; 95%CI: 0.81-1.0) .
FC has also been used to predict long-term
[89]
response to anti-TNFs. Molander et al
defined a
cutoff of FC greater than 139 μg/g after completion of
induction therapy to predict a risk of clinically active
disease after 1 year for patients with IBD treated with
either infliximab (n = 42) or adalimumab (n = 18). In
pediatric IBD patients, long-term response (1.1 years
median follow-up) after infliximab induction therapy
was retrospectively linked to FC response between
[90]
weeks 2 and 6 . Children who stopped therapy within
the first year due to inadequate effect had higher
median FC levels during induction than patients who
responded (633 μg/g vs 219 μg/g, p < 0.025).
In children, the utility of FC varies greatly based on
[91]
report. Sipponen et al followed 72 children with IBD.
The median age was 13. Twenty-five (35%) children
clinically relapsed within the subsequent year with
poor predictive value of FC for relapse (39.6% for FC
> 100 μg/g; 42.9% for FC > 1000 μg/g). However, a
systematic review of 34 pediatric studies determined
that FC can be a marker of active inflammation with
high sensitivity (range 94.4%-100%) and moderate
[92]
specificity (71.9%-100%) . As with adult studies, the
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Table 7 Predicting postoperative recurrence with fecal calprotectin
Ref.

Type of recurrence

Follow-up time

FC value

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Lasson et al[98]

Endoscopic

1 yr

Wright et al[96]

Endoscopic

Orlando et al[94]
Yamamoto et al[51]

Not specified

70
83
-

70
93
-

Boschetti et al[44]

Endoscopic

Within 18 mo

35
53
53
62
67
75
70
93
72
72
54

75
60
56
93
91

Lobatón et al[74]

85
54
46
91
88
63
70
83
75
67
95

50
47
43
55
58

Endoscopic
Endoscopic
Clinical
Endoscopic

6 mo
18 mo
1 yr
1 yr

100 μg/g
200 μg/g
250 μg/g
135 μg/g
127 μg/g
200 mg/L
140 μg/g
170 μg/g
203 μg/g1
283 μg/g2
100 μg/g

93

77

1

FC-ELISA test; 2FC Q-POCT (quantitative-point-of-care test). FC: fecal calprotectin.

cutoff range for detecting active IBD was large (50-275
μg/g).

Predicting Postoperative
Recurrence Using FC
Multiple studies have looked at FC for monitoring
for postoperative recurrence of disease in CD with
[44,52,74,93-97]
mixed results
. FC levels correlate with
[52]
clinical indices such as the HBI
but not with the
[51]
CDAI . Several studies have reported that FC
[52]
correlates with disease relapse both clinically
and
[44,51,74,96,97]
[97]
endoscopically
. Papamichael et al followed
a group of 59 CD patients after ileocecal resection.
Persistently elevated FC levels (> 60 μg/g) were found
in 100% (15/59) of patients who had postoperative
endoscopic recurrence (Rutgeerts score ≥ i2) after
ileocecal resection whereas CRP elevations (> 0.5mg/
dl) were present in only half of the patients (p =
0.017).
Various cutoffs have been suggested to predict
postoperative recurrence of disease (Table 7). Boschetti
[44]
et al
reported a cutoff of 100 μg/g (sensitivity 95%,
specificity 54%) to correlate with endoscopic recurrence
(Rutgeerts score ≥ i2) in 86 asymptomatic CD patients
after ileocolonic resection. When evaluating correlation
with Rutgeerts scores, FC performed better (r = 0.65,
p < 0.001) than hsCRP (r = 0.34, p = 0.0016). This
study excluded patients with perianal disease. Stool
samples were collected one week prior to endoscopic
evaluation.
[93]
Yamamoto et al
collected stool samples from
20 asymptomatic postoperative CD patients at the
beginning of the study then followed them for 1
year. The mean duration from surgery to endoscopic
evaluation was 7.2 mo. A calculated FC cutoff of 140
μg/g predicted endoscopic recurrence whereas a cutoff
of 170 μg/g predicted future clinical recurrence.
On the other hand, several studies reported that
calprotectin was not consistent in predicting recurrence
[95]
after surgery. Scarpa et al
retrospectively studied
63 CD patient FC levels for a median of 40.5 mo
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after surgery. There was no significant difference in
FC levels between patients who remained in clinical
or endoscopic remission and patients who had a
recurrence of disease. The authors cited the limited
correlation of the CDAI with inflammation and the lag
in time between stool sample collection and endoscopy
as possible explanations for lack of significance.
However, there was a significant difference in FC levels
between patients who required further ileocolonic
resection and patients who did not need more surgery
(p = 0.04), but this result is limited by small sample
size (5 patients required further surgery). Lasson et
[98]
al
reported a nonsignificant trend towards lower
FC levels in patients in remission and higher FC levels
in patients with endoscopic recurrence at one year
postoperatively (p = 0.25). The small sample size of
30 patients and follow-up time were limitations to the
study; one patient from the remission group ended up
having a flare 6 mo after the study ended.
In a more recent prospective, randomized control
trial in Australia and New Zealand, CD patients who
underwent intestinal resection were followed up to 18
mo postoperatively. The median FC level decreased
from 1347 μg/g prior to surgery to 166 μg/g at 6
mo postoperatively. Patients with endoscopic disease
recurrence had higher median FC levels than patients
who maintained remission (275 μg/g vs 72 μg/g,
[96]
respectively; p < 0.001) . Of note, CRP levels
and clinical CDAI scores did not correlate with CD
recurrence or severity of disease. A cutoff FC level of
greater than 100 μg/g indicated endoscopic recurrence
with a sensitivity of 89%, specificity of 58%, and
negative predictive value of 91%. The high NPV of
91% suggests that endoscopy may be able to be
avoided or deferred in patients with FC measurements
less than 100 μg/g.
Overall, FC is a useful biomarker that is more
specific for intestinal inflammation than CRP. FC
correlates better with ileocolonic disease than with
isolated ileal disease. FC is useful in predicting clinical
and endoscopic relapse while in clinical remission,
as well as monitoring response to medical therapy.
Evidence suggests that monitoring for postoperative
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recurrence is more reliable with FC than CRP.

New Applications: Fecal
Immunochemical Test
Fecal immunochemical test (FIT) is an alternative
modality being considered for use in IBD, much
less utilized than FC or CRP. Quantitative FIT testing
measures stool hemoglobin concentrations using an
[99]
antibody specific for human hemoglobin . FIT has
mainly been publicized as a method for screening for
[100]
colonic neoplasia . As shown in a capsule endoscopy
study, positive FIT tests can be explained by isolated
[101]
small bowel lesions without colonic pathology .
Specifically relating to IBD, FIT has been used to
predict mucosal healing in patients with UC with a
[99]
92% sensitivity and 71% specificity . In a recent
prospective trial from Japan, FIT was compared with
FC to evaluate for mucosal healing in 92 patients with
[67]
UC . Of the 105 colonoscopies done, 77 (73%) were
in patients in clinical remission. However, only 42%
of colonoscopies demonstrated complete mucosal
healing (Mayo score 0). Both the FIT and FC levels
significantly correlated with the Mayo score. There
was also significant correlation between the FIT values
and FC levels (Spearman’s correlation coefficient 0.64,
p < 0.0001). The sensitivity and specificity of FIT
for predicting mucosal healing was 95% and 62%,
respectively, for a fecal hemoglobin concentration less
than 100 ng/mL. Comparatively, for a FC cutoff less
than 250 μg/g, there was lower sensitivity at 82% and
equivalent specificity at 62% for predicting mucosal
healing.
FIT is currently less expensive than FC. There may
be a future role for FIT in disease monitoring in IBD,
but more trials are needed.

CONCLUSION
Our goals of treating IBD patients have evolved over
the past few years to include mucosal healing in
addition to clinical remission. Ideally, by monitoring
disease activity via noninvasive blood or stool markers,
we may be able to identify patients with subclinical
disease activity and thereby optimize treatment prior
to a clinical flare.
Furthermore, the practice of medicine is changing
in the face of healthcare spending reforms. Cost
cannot be overlooked. In the future, procedures such
as colonoscopy may not always be cost-effective or
time-efficient. Consistently reliable, noninvasive assays
to evaluate subclinical disease activity will be valuable
for determining which endoscopic evaluations may be
deferred.
CRP and FC have emerged as two of the most
commonly used biomarkers to evaluate for subclinical
disease activity in IBD. There are pros and cons to
keep in mind when ordering each biomarker.
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CRP is low-cost, easy to obtain with simple blood
work, and quick to deliver data. CRP has been reported
to have modest correlation with endoscopic and
clinical findings, generally better with CD than UC. The
major downsides to CRP are its lack of specificity for
intestinal inflammation and moderate false negative
rate. Genetic variations in CRP likely contribute to its
[23]
overall lower sensitivity .
CRP does not reliably predict postoperative recur
rence in CD. Just as postulated in active UC with normal
CRP, early inflammation in postoperative recurrence
may not be detectable using CRP due to lack of
transmural inflammation. Existing data suggests that
FC is a more sensitive measure of recurrent intestinal
inflammation in postoperative CD patients.
FC is more expensive but is a more specific marker
of intestinal inflammation. FC tends to correlate better
with endoscopic findings in IBD than CRP, except in
cases of isolated small bowel CD where FC levels are
lower. CRP still plays a role in evaluation of isolated
small bowel disease.
When considering the utility of FC in predicting
endoscopic relapse in IBD and postoperative recur
rence in CD, a noteworthy limiting factor for realworld use is the wide variation in defined cutoffs for
inactive vs active disease (Tables 4-6). Generally, very
high levels of FC indicate active disease, and FC levels
less than 50 μg/g indicate inactive disease. However,
many clinicians may find themselves questioning the
significance of moderately elevated or upper limit of
normal FC values.
The type of assay used (ELISA vs FC-QPOCT)
may contribute to the wide range of cutoffs reported.
Moreover, variations in calprotectin extraction methods
can result in different FC quantitations from the
same stool sample. During a quality assurance study,
[102]
Whitehead et al
reported an average of 7.8% to
28.1% under-recovery of FC with different ELISA assays.
Heterogeneity in study design also may be a
factor affecting FC cutoff levels. The definition of
endoscopically inactive disease varies among studies.
Also, time points for stool collection vary widely among
studies. For example, one study may collect a stool
[74]
sample on the day prior to colonoscopy
whereas
another study may collect stool at an unspecified time
[103]
point prior to clinical flare
. In the postoperative
studies, there is variation in clinical status (remission
vs symptomatic), disease phenotypes included, timing
of postoperative endoscopic evaluation, as well as
length of study follow up.
Perhaps a “one size fits all” approach does not
pertain to calprotectin cutoffs in IBD. Optimal cutoffs
may differ by disease (UC, CD), distribution of inflam
mation, age of patient, brand of assay used. For
example, given that FC levels have been shown to be
lower in isolated ileal disease, lower cutoff values may
be needed for ileal CD without colitis. Also, in adults,
the increase in FC with age may also need to be taken
into account. Future investigations are needed to
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further define these cutoffs.
In our practice, we use both CRP and FC to monitor
patients in clinical remission. FC is preferred but not
always sent due to cost and lack of coverage by certain
insurance carriers. If FC is less than 50 μg/g, we do
not routinely further evaluate the patient, whereas if
the FC is greater than 250 μg/g, we rule out infection
with stool studies and then consider an endoscopic
evaluation. If the FC level is between 50 and 250 μg/
g, we like to complete a colonoscopy at that time to
correlate levels with endoscopic appearance. Still, in
most cases, since levels vary from person to person,
we find it most helpful to make treatment decisions
based on a combination of FC, CRP, and endoscopic
findings.
In the postoperative setting, we do not use CRP
because of the lack of efficacy. We send FC levels at
month 3. If elevated, we evaluate with colonoscopy. If
normal, a colonoscopy is performed between 6 and 12
mo after resection.
Due to the nature of clinical research, most clinical
studies focus on short-term patient responses to
treatments. Less is known about long-term results of
chronic biologic and immunomodulators therapies. The
ultimate goal of therapy in IBD patients is to minimize
the long-term sequelae of chronic inflammation while
avoiding exposing the patient to unnecessary risks
[104]
such as infection and neoplasia
. In 2009, the
STORI trial evaluated stopping infliximab in patients
on combination therapy who had been in steroid-free
[105]
clinical remission for at least 6 mo
. Other studies
have evaluated stopping immunomodulators while
[106]
patients are maintained solely on infliximab
. The
optimal duration of these drug holidays is unknown.
With future trials underway evaluating the safety and
logistics of withdrawing therapy, the role of monitoring
clinically silent disease will be key in differentiating
those patients who will remain quiescent and those
who should re-escalate therapy.
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Abstract
Inflammatory bowel diseases (IBD) comprise the two
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major entities Crohn’s disease and ulcerative colitis
and endoscopic imaging of the gastrointestinal tract
has always been an integral and central part in the
management of IBD patients. Within the recent years,
mucosal healing emerged as a key treatment goal
in IBD that substantially decides about the clinical
outcome of IBD patients, thereby demanding for a
precise, timely and detailed endoscopic assessment of
the mucosal inflammation associated with IBD. Further,
molecular imaging has tremendously expanded the
clinical utility and applications of modern endoscopy,
now encompassing not only diagnosis, surveillance,
and treatment but also the prediction of individual
therapy response. Within this review we describe novel
endoscopic approaches and advanced endoscopic
imaging methods for the diagnosis, treatment and
surveillance of IBD patients. We begin by providing an
overview over novel and advanced imaging techniques
such as magnification endoscopy and dye-based and
dye-less chromoendoscopy, endomicroscopy and
endocytoscopy. We then describe how these techniques
can be utilized for the precise and ultrastructural
assessment of mucosal inflammation and dysplasia
development associated with IBD and outline how
they have enabled the endoscopist to gain insight onto
the cellular level in real-time. Finally, we provide an
outlook on how molecular imaging has rapidly evolved
in the recent past and can be used to make individual
predictions about the therapeutic response towards
biological treatment.

Core tip: Within this review we describe novel endo
scopic techniques for the diagnosis, treatment and
surveillance of inflammatory bowel diseases (IBD)
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patients. We begin by providing an overview over
advanced imaging techniques such as magnification
endoscopy, dye-based and dye-less chromoendoscopy,
endomicroscopy and endocytoscopy. We then portray
how these techniques provide insights on cellular level
in real-time and how they can be utilized for the precise
and ultrastructural assessment of mucosal inflammation
and dysplasia development in IBD. Finally, we review
how molecular imaging has rapidly evolved in the
recent past and can now be used to make individual
predictions about the therapeutic response towards
biological treatment.
Rath T, Tontini GE, Neurath MF, Neumann H. From the surface
to the single cell: novel endoscopic approaches in inflammatory
bowel disease. World J Gastroenterol 2015; 21(40): 11260-11272
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11260.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11260

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC)
belong to the family of idiopathic inflammatory bowel
diseases (IBD) in which an excessive mucosal immune
response towards the complex enteric microbiota in a
genetically predisposed host is believed to play a key
[1-4]
role in disease pathophysiology . It is well accepted
that the chronic inflammatory stimulus within the
gastrointestinal tract is associated with an increased
risk for developing colitis associated cancer (CAC) in
[5]
both, UC and CD and the individual risk for colon
cancer increases with the duration, severity and
[6-10]
anatomic extent of colitis
. The close association
between disease duration and the development of CAC
represents the rationale for recommending regular
surveillance endoscopy starting 6 to 8 years after
first manifestation of the disease in current European
[11,12]
and United States guidelines
. Despite the lack
of randomized controlled trials directly assessing
the reduction of CAC by surveillance colonoscopy,
[13-16]
a large number of case series
and case-control
[17-19]
studies
provided evidence of the clinical benefit
of surveillance colonoscopy for IBD patients. However,
dysplasia and intraepithelial neoplasia are frequ
ently missed during routine white-light endoscopic
[20]
examinations
and at the same time, random
[20,21]
biopsies have a low yield for dysplasia detection
.
The discovery that dye-based chromoendoscopy
(e.g., with methylene blue) with targeted mucosal
biopsies is superior for dysplasia detection in IBD
[20,21]
patients
has led to the rapid evolvement of
advanced endoscopic imaging techniques such as
digital (i.e., FICE, i-scan, SPIES) or optical [i.e., narrow
band imaging (NBI), Compound band imaging (CBI)]
dye-less chromoendoscopy which offer the advantage
of enhancing mucosal vascular and mucosal surface
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pattern morphology by just pushing a button on
the handle of the endoscope thereby reducing time
and costs associated with conventional dye-based
[22,23]
chromoendoscopy
(Table 1).
Apart from the detection of early colorectal cancer,
endoscopic assessment of degree and severity of
mucosal inflammation is another equally important
aspect in the management of IBD patients. In this
regard, mucosal healing has emerged as a key
treatment goal in IBD in the recent past that predicts
sustained clinical remission and resection-free survival
[24]
of patients . Hence, the precise assessment of
intestinal inflammation is of pivotal importance for
the management of IBD patients and advanced
endoscopic imaging techniques including dye-less
chromoendoscopy, endocytoscopy and confocal laser
endomicroscopy have been shown to allow precise and
ultrastructural characterization of the inflammation
within the gut. Finally, by combining endoscopic
imaging with the visualization of single molecular
targets crucially involved in disease pathogenesis, in
vivo endoscopic prediction of therapeutic response
before the actual commencement of therapy is no
longer a keen wish for distant future, but close to
be ready for being integrated into daily practice. In
this review we describe how novel and advanced
endoscopic imaging techniques have been utilized for
the diagnosis and surveillance of CAC and mucosal
inflammation in IBD patients and follow a semantic
structure “From the surface to the single cell”. Thus, we
begin by reviewing imaging techniques that visualize
the intestinal surface such as chromoendoscopy
and subsequently discuss endoscopic approaches
that go deeper within the intestinal layer and are
capable of visualizing the submucosal architecture
and single cells such as endocytoscopy and confocal
endomicroscopy. Finally, we provide an outlook on how
labelling molecular pathways and targets combined
with endoscopy can be utilized to make predictions
about therapeutic responses, thereby tremendously
expanding the repertoire of modern endoscopy.

TECHNIQUES BEHIND ADVANCED
ENDOSCOPIC IMAGING
Magnification endoscopy and chromoendoscopy

Magnification endoscopy utilizes a movable lens to
vary the degree of magnification thereby allowing
to magnify the mucosa of the gastrointestinal tract
[25]
from 6-fold up to 150-fold . In one of the earliest
studies, magnification endoscopy has been shown
to be able to differentiate true neoplasms from nonneoplastic colonic lesions, thereby providing an
accurate instantaneous prediction of the histology of
[25]
colorectal tumorous lesions . This observation in
colorectal polyps has now been dramatically extended
to other neoplastic and non-neoplastic diseases in the
upper and lower gastrointestinal tract, and especially
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Table 1 Techniques and modes of advanced endoscopic imaging with advantages and indications
Endoscopic technique

Modes

Advantages

White light endoscopy
(WLE)

Standard definition
colonoscopy (SD)
High definition
colonoscopy
(HD)
Indigo-carmine
(0.8%)[109,110]

Widely spread

Dye based chromoendoscopy (DBC)

Methylene blue
(1%)[109,110]
Dye less chromo-endoscopy
(DLC)
Optical DLC

Digital DLC

Confocal laser
endomicroscopy (CLE)

NBI
CBI

i-scan
FICE
SPIES
pCLE
iCLE

Endocytoscopy (EC)

Disadvantages

Can detect significantly more
dysplastic lesion in IBD than
SD[108]
Superior for the detection of
dysplastic lesions
in IBD[20,21,55,56,109,110]

Indications

No sufficient discrimination between
Routine assessment of
inflammation and dysplasia
mucosal inflammation
Increased costs compared to SD
in combination with DBC:
cancer surveillance of IBD
patient[109,110]
Increase in time and effort, dyeMethod of choice for
pooling
cancer surveillance in
IBD[12,34,35, 109,110]

Readily available (push-ofNBI: results for dysplasia detection in NBI: not recommended
a-button technologies)[22,31,66]
IBD heterogenous
as a replacement for DBC
improved prediction of disease
for cancer surveillance in
extent and disease activity
IBD[109,110]
[67-69,71]
i-scan: no data for dysplasia detection
compared to WLE
in IBD yet
Real time histologic imaging
Time- and cost-intensive procedure,
with 1000-fold magnification,
expert skills required[22,31]
potentially improved delineation
of degree and extent of mucosal
inflammation[82]
Real time histologic imaging with Time- and cost-intensive procedure,
up to 1390-fold magnification,
expert skills required[22,31,111]
potentially improved delineation
of degree and extent of mucosal
inflammation, can distinguish
single inflammatory cells[88]

No routine indications

No routine indications

CBI: Compound band imaging; DBC: Dye-based chromoendoscopy; DLC: Dye-less chromoendoscopy; FICE: Fuji intelligent color enhancement; HD: High
definition; IBD: Inflammatory bowel diseases; iCLE: Integrated confocal laser endomicroscop; NBI: Narrow band imaging; SD: Standard definition; SPIES:
Storz professional image enhancement systems; pCLE: Probe based confocal endomicroscopy.

in combination with chromoendoscopy, magnification
endoscopy can be utilized for the precise diagnosis of a
variety of diseases including dysplasia and early cancer
in the esophagus, stomach and colorectum as well as
[26-32]
intraepithelial neoplasia and disease extent in UC
.
Chromoendoscopy encompasses dye-based chromo
endoscopy (DBC) and dye-less chromoendoscopy
(DLC) and enhances the mucosal architecture and/or
submucosal microvasculature by the use of various
dyes (DBC) or endoscopic optical and computer-based
color programs (DLC). This contrast enhancement
of the mucosal layer often results in the improved
detection of lesions that are otherwise subtle or even
invisible in conventional white-light endoscopy.
DBC uses different dye agents which are divided
into absorptive agents (Lugol, methylene blue,
toluidine blue, and cresyl violet), contrast agents
(indigo carmine, acetic acid) and reactive staining
agents (congo red, phenol red), all of which are
mostly applied via standard spraying or plain biliary
[33]
ERCP catheters . As outlined below, DBC has been
shown to improve detection of dysplasia in IBD, and
chromoendoscopy is recommended as the preferred
modality for surveillance in patients with colonic IBD
[34]
by the British Society of Gastroenterology
and
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[35]

the European Crohn’s and Colitis organization .
However, DBC also requires increased effort, skill,
time, and costs. These confinements associated with
the use of traditional dye agents have finally led to the
development of DLC techniques.
DLC is further subdivided into optical chromo
endoscopy [Narrow band imaging (NBI), Olympus,
Japan; Compound band imaging (CBI), Aohua, Shanghai,
China] and digital chromoendoscopy [i-scan, Pentax,
Tokyo, Japan; Fujinon Intelligent Color Enhancement
(FICE), Fujifilm, Tokyo, Japan; Storz Professional
Image Enhancement Systems (SPIES), Karl Storz,
Tuttlingen, Germany]. Optical DLC such as NBI utilizes
optical filters within the light source of the endoscope
to narrow the bandwidth of spectral transmittance,
thereby enhancing and facilitating the visualization of
blood vessels. Digital DLC such as i-scan and FICE uses
a digital postprocessing algorithm that reconstructs
the endoscopic image from the video processor in real
time resulting in an improved contrast of the capillary
patterns and enhancement of the mucosal surface
[22,33]
pattern morphology
. Representative images for the
enhanced visualization and delineation of the mucosal
surface pattern by dye-based chromoendoscopy, and
the mucosal surface and vascular pattern by NBI and
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A

B

Figure 1 Dye-based chromoendoscopy and optical chromoendoscopy in the gastrointestinal tract. Left picture: Optical dye-less chromoendoscopy with
narrow band imaging (NBI) is based on the utilization of optical filters within the light source of the endoscope to narrow the bandwidth of spectral transmittance,
thereby enhancing and facilitating the visualization of blood vessels. As exemplified on a fundic gland polyp in the stomach, NBI allows a clear delineation of the
mucosal surface pit pattern architecture. Right picture: Dye-based chromoendoscopy with indigo carmine. Indigo carmine is a blue contrast agent that is used primarily
in the colon for enhancing the detection or differentiation of colorectal neoplasms. As shown for a small colon polyp here, application of indigo carmine via a spraying
catheter enhances the contrast and allows to visualize the pit pattern and to delineate mucosal irregularities.

i-scan are shown in Figures 1 and 2, respectively.
Importantly, both optical and digital DLC are simple
“push-of-a-button” techniques that are readily
available during the endoscopic examination. Thus,
compared to dye-based chromoendoscopy, DLC
offers the great advantage of dye-enhanced mucosal
imaging without the efforts in time and costs of
applying contrast agents during ongoing endoscopy.
Further, data derived from the in vivo assessment of
colorectal polyp histology impressively demonstrated
that DLC can be readily learned even by “non[36-38]
expert” endoscopists
. Hence, endoscopists with
varying levels of experience can accurately use digital
[39,40]
chromoendoscopy after a single training session
with comparable diagnostic accuracies between non[41]
expert and expert endoscopists .

Confocal laser endomicroscopy

Confocal laser endomicroscopy is a technique allowing
[42]
to obtain images at the (sub)cellular level , and since
its introduction in 2003 confocal laser endomicroscopy
(CLE) has rapidly emerged as a powerful technique
that enables precise histologic real time in vivo
[43-47]
imaging of various diseases
. Technically, CLE is
based on the emission of a low power blue laser into
the tissue after topical (acriflavine hydrochloride,
cresyl violet) or systemic (fluorescein sodium)
administration of contrast agents. The emitted light
is then reflected from the tissue and refocused on
the detection system by the same lens, leading to
microscopic imaging at 1000-fold magnification in
real time. As shown in healthy mucosa in Figure 3,
CLE allows a clear visualization of the colonic crypt
architecture, single cells within the lamina propria and
[45]
the microvasculature within the colon . Currently,
two FDA-approved and CE-certified CLE devices are
[48]
available and used in clinical routine : (1) a probe
based CLE system that can be inserted into the
accessory channel of any standard endoscope (pCLE,
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Cellvizio, Mauna Kea Technologies, Paris, France);
and (2) an integrated system in which the CLE probe
is integrated into the distal end of a high-resolution
endoscope (“integrated”, iCLE; Pentax, Tokyo, Japan).
Both system use a blue laser light source that delivers
an excitation wavelength of 488 nm, and light emission
from the tissue is detected at wavelengths between
205 and 585 nm. The iCLE-system collects images
at a manually adjustable scan rate of 1.6 frames per
second with a resolution of 1024 × 512 pixels, or at
0.8 frames per second with a resolution of 1024 ×
1024 pixels. The depth of scanning can be dynamically
adjusted ranging from 0 to 250 μm and the laser
power can be manually adjusted between 0 and 1000
μW. The optical slice thickness is 7 μm, with lateral and
axial resolution of 0.7 μm and a confocal image field
of view of 475 μm × 475 μm. Since the laser probe is
integrated into the endoscope, the accessory channel
of the endoscope can still be used.
The pCLE system is based on stand-alone confocal
probes, and specific probes available for different
indications throughout the entire gastrointestinal tract
are available. Probe-based CLE utilizes a fixed laser
power and a fixed imaging plane depth for image
acquisition. Lateral resolution ranges between 3.5 µm
and 1 µm, resulting in a field of view of 600 µm-240
µm, depending on the confocal probe used. Images
are acquired at 12 frames/s, leading to real-time
videos of the intestinal mucosa and single video frames
either in real time or post processed with an increased
field of view (4 mm x 2 mm) can be reconstructed
using a special computer algorithm (Mosaicing, Mauna
Kea Technologies, Paris, France). Probe based CLE in
IBD is mostly being performed by using the ColoFlex
UHD probe which requires a 2.8 mm working channel.
Hence, these probes can be fitted through the working
channel of most endoscopes used in clinical practice.
Depending on the clinical question and the scenario
in which they are used, both CLE-systems offer unique
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20 mm

Figure 2 Digital dye-less chromoendocopy with i-scan in the lower
gastrointestinal tract. i-scan uses a digital postprocessing algorithm that
reconstructs the endoscopic image from the video processor in real time
resulting in improved contrast of the capillary patterns and enhancement of the
mucosal surface pattern morphology as exemplified on a adenomatous polyp
in the colon. As a result of an accumulation of lipid-filled macrophages within
the lamina propria, the mucosa adjacent to the polyp exhibits a chicken skin
mucosa on digital chromoendoscopy.

advantages and specifications. Advantages of the
integrated system are its higher resolution and the
possibility to alter the laser power and imaging plane
depth, whereas the pCLE system allows ad hoc usage
in existing endoscopes and enables real time video
recording.

Endocytoscopy

Endocytoscopy (EC) allows in vivo microscopic imaging
of the GI tract with an magnification ranging from
[49-51]
340-fold up to 1390-fold
and is based on the
principle of contact light microscopy. EC utilizes a
fixed-focus, high-power objective lens that projects
highly magnified images from a sampling site onto a
[49-51]
charge-coupled device
. The depth of field ranges
from 0 to 50 µm and therefore only allows visualization
of the very superficial mucosal layer. EC requires
thorough mucolysis which can be performed with
N-acetyl-cysteine. Further, prestaining of the mucosa
with an absorptive agent such as methylene blue,
toluidine blue, or cresyl violet is required. Optimal
endocytoscopic mucosal imaging can be obtained with
1% methylene blue in the oesophagus and with 0.25%
toluidine blue in the stomach and colon after 60 s of
[52]
exposure to the dye .
In fact, a combination of different dye agents is
often used to generate optimal tissue contrast and
[53]
imaging modalities . With the use of absorptive
agents via spraying catheters, repeated staining of
the mucosa may be needed when the clinical scenario
[50]
requires extended visualization . Endocytoscopy
images are displayed on a monitor at 30 frames per
second, which corresponds to the frame rate during
routine high-resolution video endoscopy.
Currently, two systems of endocytoscopes are
[50]
available . Similar to the CLE devices, endocytoscopy
devices can be integrated into the distal tip of a
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Figure 3 Confocal laser endomicroscopy in the lower gastrointestinal
tract. Confocal laser endomicroscopy (CLE) is based on the emission of a
low power blue laser into the tissue after topical or systemic administration
of contrast agents. The emitted light is then reflected from the tissue and
refocused on the detection system by the same lens, leading to microscopic
imaging at 1000-fold magnification in real time. As shown in healthy colonic
mucosa in this picture, CLE allows a clear visualization of the colonic crypt
architecture, single cells within the lamina propria and the microvasculature
within the colon.

standard endoscope (iEC) or utilized as a probe that is
advanced through the working channel of a standard
endoscope (pEC). Endoscope-based instruments use
two different lenses and integrate the EC component
within upper (103 cm in length) and lower (133
cm in length) endoscopes and provide a 580x-fold
image magnification on a 19-inch monitor, in addition
to having conventional optical magnification and
narrow band imaging capabilities. Recently, another
endocytoscopy system (GIF-Y0002) was introduced
consisting of only one lens that allows continuous
increase of zooming power from the conventional
endoscopy level up to 380-fold (tissue field of view,
700 mm x 600 mm) using a hand lever. Using digital
magnification (x 1.6), the magnifying power can
be increased to 600-fold, providing a tissue field of
[51,54]
view measuring 440 mm x 380 mm
. For the
first time, this new endoscope-generation enables
continues magnification from standard overview to
endocytoscopy therefore representing an “all-in-one”
scope.
Currently, two different probe-based EC devices
exist, providing either 450-fold (XEC 300F) or
1390-fold (XEC 120 U) magnification images on a
[50,51]
19-inch monitor
. The probes are 380 cm in length
and 3.2 mm in diameter thus requiring an accessory
channel of 3.7 mm. The horizontal observation field
2
is given with 300 µm x 300 µm (0.09 mm ) for the
450-fold magnification probe and with 120 µm x 120
µm for the 1390-fold magnification probe. Similar to
what is already discussed with different CLE devices,
one of the major advantages of the probe-based EC
system lies in its ad hoc usability in already existing
endoscopes whereas the integrated EC devices allow
to simultaneously take biopsies and thus to directly
compare EC imaging with histopathological results.
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ROLE AND APPLICTIONS OF ADVANCED
ENDOSCOPIC IMAGING IN IBD
surface level: Dye-based and dye-less
chromoendoscopy

In one of the earliest prospective randomized trials on
the relevance of dye-based chromoendoscopy (DBC)
for the assessment of mucosal inflammation and
[21]
dysplasia in UC, Kiesslich et al
directly compared
DBC and conventional colonoscopy in a large cohort
of UC patients. Importantly, DBC with methylene
blue not only permitted a more accurate diagnosis of
the extent and severity of the inflammatory activity
in UC compared with conventional colonoscopy, but
also significantly improved the early detection of
intraepithelial neoplasia and CAC. Another “backto-back” study evaluated pancolonic indigo carmine
staining (0.1%) for the detection of UC-associated
[20]
dysplasia . As shown in this study, DBC with indigo
carmine led to a higher dysplasia detection rate
while at the same time reducing the total amount of
[20]
biopsies . Consistent with these results, another
prospective trial also included patients with Crohn’s
colitis (CC), and similarly, in both UC and CC, targeted
biopsies with dye spray (methylene blue) detected
significantly more dysplasia than random biopsies
[55]
that were taken without the utilization of dye . As
shown in a recent meta-analysis of six randomized
controlled trials, dye-based chromoendoscopy has
a medium to high sensitivity and a high diagnostic
[56]
accuracy for dysplastic lesions in UC
and the typical
features of UC associated dysplasia on DBC (and
conventional endoscopy) have been summarized by
[57]
Matsumoto et al from the Hyogo College of Medicine
in Japan. Since white-light endoscopy exhibits only low
interobserver agreement in differentiating dysplastic
from non-dysplastic lesions during colitis surveillance,
current guidelines recommend chromoendoscopy with
targeted biopsies as the surveillance procedure of
choice for appropriately trained endoscopists, whereas
white-light endoscopy with random biopsies (quadrant
biopsies every 10 cm) remains a reasonable alternative
[11,12,58]
for cancer surveillance in IBD patients
.
Since DBC is also associated with a potential
increase in examination time, costs and overall
effort, a recent study evaluated whether DBC is costeffective for colorectal cancer surveillance in UC
patients. Interestingly, DBC with targeted biopsies is
not only more effective but also less costly compared
to conventional white-light endoscopy with random
[59]
biopsies . In its totality, this profound evidence on
the superiority of DBC for the detection of colitisassociated neoplasia, together with the knowledge of
a cumulative CRC risk in UC patients of 18% after 30
[7]
years of disease , have led to the recommendation to
perform chromoendoscopy with targeted biopsies as
the surveillance procedure of choice in IBD patients in
[11,12,34,35]
US and European guidelines
.
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The first case in which optical DLC was used to help
in identifying colitis associated neoplasia was a 63
year old man with longstanding ulcerative colitis and
a previous history of dysplasia associated lesions or
masses (DALM). In this patient it was shown for the
first time that visualization of the pit pattern and the
vascular pattern intensity by NBI might help in DALM
detection and to distinguish dysplastic from non[60]
dysplastic mucosa in ulcerative colitis . Especially
the capillary vasculature in dysplastic lesions exhibited
a higher vascular pattern and appeared darker on
[60]
NBI compared to adjacent normal mucosa . Since
then, various trials have studied the potential of NBI
to assess mucosal inflammation and colitis associated
preneoplastic and neoplastic changes, with so far
mixed results. In one of the earliest reports, the
Amsterdam group compared the accuracy of NBI with
standard colonoscopy for the detection of neoplasia in
[61]
patients with longstanding ulcerative colitis . Although
more suspicious lesions were found during DLC with
NBI, the sensitivity of NBI for neoplasia detection
[61]
was similar to conventional white-light endoscopy .
Soon thereafter, the same group assessed the value
[62,63]
of NBI for surveillance in UC in two other studies
.
In these studies, pit pattern analysis of neoplastic
lesions exhibited only a moderate accuracy for the
[62]
prediction of histology and also NBI did not improve
the detection of UC associated neoplasia compared
[63]
to high-definition endoscopy . Nevertheless, NBI
has been shown to be equally effective in detecting
UC associated intraepithelial neoplasia compared to
conventional dye-based endoscopy and exhibited a
reduced false-positive biopsy rate and a similar true[64]
positive rate . However, the high miss rate with NBI,
as pointed out by the authors themselves, makes
NBI not advisable as the standard technique to detect
[64]
dysplasia in patients with long-standing IBD
and
clearly, higher powered studies are needed to address
[65,66]
this question
.
The role of dye-less chromoendoscopy to assess
mucosal inflammation associated with IBD has also
been studied. In one of the earliest reports, Kudo et
[67]
al
analyzed the mucosal vascular pattern (MVP) in
patients with asymptomatic or mildly active UC using
NBI and HD white-light endoscopy. The authors found
that areas with obscure MVP on NBI exhibit increased
numbers of acute inflammatory cell infiltrates, goblet
cell depletion and basal plasmacytosis and that
evaluation of the MVP with NBI yielded a more precise
determination of acute microscopic inflammation in
[67]
patients with quiescent UC . The typical appearance
of active UC and inactive, quiescent disease on
NBI have been summarized by the same group of
[68]
authors . In addition to that, another pilot study
on 14 IBD patients was able to demonstrate that
areas that appear normal on WLE, but positive on
NBI (as defined by a stronger capillary vascular
pattern), exhibit an increased leukocyte infiltrate
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and a significantly increased microvessel density
on immunohistology, thus providing first evidence
that NBI might allow in vivo imaging of intestinal
[69]
neoangiogenesis in IBD patients .
Data on the relevance of digital DLC for the
assessment of mucosal inflammation in IBD patients
are limited. To date, only one study evaluated FICE
in IBD patients and showed that FICE is not helpful
to improve the detection or delineation of ulcers
[70]
and erosions in CD . Just recently, a study on 78
IBD patients that were randomized to receive either
HD white-light endoscopy or HD endoscopy with
i-scan, was able to demonstrate that i-scan allows a
considerably improved prediction of disease extent and
disease activity compared to white-light endoscopy
[71]
(i-scan: 92% and 90% vs WLE: 49% and 54%) .
Of note, examination time was not different between
WLE and i-scan, consistent with the idea that dye-less
chromoendoscopy is a push-of-a-button technology
that can be readily incorporated into the existing
[71]
examination . Although no studies have directly
assessed the relevance of digital chromoendoscopy for
the detection of colitis-associated neoplasia and cancer,
it has been shown that HD endoscopy with i-scan can
detect significantly more neoplastic lesions and more
[72]
flat adenomas than standard resolution endoscopy
and is as precise as dye-based chromoendoscopy
[73]
for the characterization of small colorectal lesions .
Based on these results, data on the assessment of
colitis associated dysplasia by digital DLC are eagerly
awaited.

cellular level: Confocal laser endomicroscopy

The technical application of confocal endomicroscopy
and the interpretation of images for the utilization in
IBD patients can be readily learned. In this regard, it
has been shown that after an initial three examinations,
performance of CLE significantly improves with a
decreased confocal imaging time, successful CLE
[74]
diagnosis and decline in overall procedural time . In
one of the first in vivo studies for dysplasia detection,
it was shown that using chromoendoscopy (methylene
blue) together with endomicroscopy can detect
significantly more neoplasia compared to conventional
white-light endoscopy while at the same time requiring
[75]
50% fewer biopsies . Soon thereafter, CLE was
proven to be accurate also for the differentiation
between DALM and adenoma-like mass (ALM), thereby
facilitating the clinical decision whether patients should
receive endoluminal endoscopic resection or be rather
[76]
referred for proctocolectomy . Importantly, these
studies utilized the integrated CLE system (iCLE) and
subsequently, another pilot study utilizing probe-based
CLE demonstrated that pCLE for dysplasia surveillance
in UC is also feasible with reasonable diagnostic
[77]
accuracy and the typical appearance of DALM on CLE
against inflammatory changes has been characterized
as dark cells with crypt density attenuation, a ridgedlined irregular epithelial layer with loss of crypts and
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dilated and distorted vessels with elevated leakage
[42,78]
and irregular vascular architecture
. A recent metaanalysis on the relevance of CLE for dysplasia detection
in either patients with sporadic polyps or IBD patients
calculated that CLE can distinguish neoplasms from
non-neoplastic tissue in IBD patients with a sensitivity
of 83% and specificity of 90%, thereby confirming that
CLE can indeed differentiate between neoplastic and
[79]
non-neoplastic tissue .
CLE also has been proven to be accurate and
efficient for the real-time in vivo assessment of
mucosal inflammation associated with IBD. One of
the earliest pilot studies assessed the morphologic
differences on CLE between active and inactive UC
and it was shown that colonic crypts in non-active
UC are small, round and slightly irregularly arranged
with small and round crypt lumina, whereas colonic
crypts in active UC appear large, variously shaped,
irregularly arranged with numerous inflammatory
[80]
cells and capillaries in the lamina propria . Soon
[81]
thereafter, Li et al
utilized a 4-grade classification
of crypt architecture combined with an analysis of
microvascular alterations and fluorescein leakage
to establish a CLE based classification system for
assessment of inflammatory activity in UC patients.
All three parameters (crypt architecture, fluorescein
leakage, microvasculature) did correlate well with
histology, and more than 50% of the patients with
normal appearing mucosa on conventional whitelight endoscopy exhibited acute inflammation on
histology whereas no patient with normal mucosa
[81]
on CLE showed acute inflammation on histology .
Results from our own group indicate that CLE can also
reliably assess Crohn’s disease activity: a significantly
higher proportion of patients with active CD had
increased colonic crypt tortuosity, enlarged crypt
lumen, microerosions, augmented vascularization,
and increased cellular infiltrates within the lamina
propria. In quiescent CD, a significant increase in crypt
and goblet cell number was detected compared with
[82]
controls
and based on these findings, we proposed
the Crohn’s Disease Endomicroscopic Activity Score
(CDEAS) for the assessment of Crohn’s disease activity
in vivo. The CDEAS does not only allow to differentiate
between quiescent CD and controls but also between
quiescent and active disease and shows strong
[82]
correlation to serum levels of the C-reactive protein .
Hence, the CLE and the CDEAS are accurate tools
for the accurate prediction of disease severity in CD
[82]
patients .
Epithelial gaps, as originally described on CLE by
[83]
Kiesslich et al result from shedding of epithelial cells
and are of particular relevance for the endomicroscopic
evaluation of inflammatory activity in IBD patients. As
[84]
shown by Liu et al , patients with CD exhibit a higher
gap density than controls and increased epithelial gap
density in the small intestine is a predictor for future
[85]
hospitalization or surgery in IBD patients . Further,
increased cell shedding with fluorescein leakage is
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associated with subsequent relapse within 12 mo after
confocal examination in IBD patients in remission and
a CLE based grading system assessing cell shedding
and local barrier dysfunction can predict disease flares
[86]
with high specificity .
Taken together, these results demonstrate that
CLE can be used to reliably assess the macro- and
microscopic inflammatory activity in IBD patients
and to obtain tissue histology in real-time. Since the
precise determination of mucosal inflammation is of
paramount importance to achieve mucosal healing as
a key prognostic parameter and important treatment
[24]
goal in IBD patients , it can be expected that CLE
will experience a wider-spread utilization not only
to facilitate and optimize the management and
surveillance of IBD patients but also to prospectively
identify patients that are under risk of experiencing a
disease flare.

cellular level: Endocytoscopy

Compared with CLE, less data on the role of EC
for the evaluation of mucosal inflammation in IBD
patients are available. In an initial report utilizing
an EC system with 450-fold magnification, a newly
introduced endocytoscopy score assessing the shape
and distance between crypts as well as the visibility of
superficial microvessels showed a strong correlation
[87]
with Matts’ histopathological grading
and a high
[87]
reproducibility between different investigators .
Recently, our own group tackled the issue whether
EC can not only determine inflammatory activity
in IBD, but also discriminate single inflammatory
cells. For this purpose, we utilized a probe-based EC
system with 1390-fold magnification on 19 patients
[88]
with CD and 21 patients with UC . In this report,
we were able to demonstrate that EC is able to
reliably distinguish single inflammatory cells, namely
neutrophilic, basophilic and eosinophilic granulocytes,
[88]
and lymphocytes . Further, concordance between
endocytoscopy and histopathologic grading of disease
activity was 100% and EC exhibited a substantial
interobserver and almost perfect intraobserver
[88]
agreement . The detection of colitis- associated
neoplasia or cancer with EC has not been studied to
date. However, first evidence suggests that EC can
identify dysplasia in aberrant crypt foci as the earliest
precursor lesions of colorectal cancer in the dysplasia[89]
carcinoma sequence . In colonic polyps, EC is
capable to even detect and distinguish focal high-grade
[90]
intraepithelial neoplasia . Based on these results,
EC is a promising imaging technique that might allow
microscopic real-time identification of colitis-associated
neoplasia.

subcellular level: Molecular targeting and molecular
imaging

Molecular imaging is based on the utilization of
fluorophores with specificity towards a defined
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molecular target, thereby allowing in vivo visualization
on the sub-cellular molecular level. Molecular imaging
is a rapidly evolving field and with the ongoing
identification of crucial molecules involved in the
immunopathogenesis of intestinal diseases in basic
research, a steadily growing arsenal of targets that
can be visualized with molecular imaging becomes
available. The ideal probes utilized for molecular
imaging in the gastrointestinal tract should exhibit the
following characteristics: high diversity, high affinity
binding, rapid binding kinetics within minutes, adequate
tissue penetration, low immunogenicity, ability for
[91]
large scale synthesis and florescent labelling . Agents
that have been utilized for molecular imaging include
the following substance classes: antibodies, lectines,
affinity peptides, activatable probes, nanoparticles
[92-94]
and physiological substances
. So far, molecular
imaging has been successfully evaluated in mucosal
inflammation and cancer development in both, mice
[95]
and humans. Just recently, Mitsunaga et al
utilized
a topically applied enzymatically activatable probe
(gGlu-HMRG) which fluoresces in the presence of
γ-glutamyltranspeptidase (GGT), an enzyme associated
with cancer, to study colitis-associated cancer detection
in a murine model. Using fluorescence colonoscopy in
mice, gGlu-HMRG fluorescent lesions were detected
5 min after topical administration, even in small
lesions, and fluorescence persisted for at least 30 min.
Importantly, at autopsy such lesions corresponded to
tumour-containing lesions in all cases analyzed and
microscopic inflammatory infiltration exhibited a much
[95]
lower signal than cancer . Consistent with these
observations, others studies successfully detected
intestinal dysplasia and polyps in murine and xenograft
models via the utilization of protease-sensing probes
[96,97]
such as a cathepsin reporter probes
, MMP[98]
activatable probes , substrates of the γ-glutamylt
[95,99]
[100,101]
ranspeptidase
, or certain peptides
. Apart
from that, other studies have chosen molecular
targets that are known to be upregulated in colorectal
cancer and are already established therapeutic
targets such as epidermal growth factor receptor
(EGFR) or vascular endothelial growth factor receptor
(VEGFR) as fluorescent probes for the detection and
[102,103]
precise discrimination of colorectal cancer
.
When targeting VEGFR with fluorescently labeled
antibodies, CLE visualized the distribution of VEGF
in the malignantly transformed tissue in rodent and
xenografted models of colon cancer, as well as in
human specimens, and thus allowed identification of
[102]
cancer cells on subcellular level
. For EGFR it was
shown that EGFR expression levels of different tumors
cell lines in xenograft models could be discriminated in
vivo in mice with CLE and that topical administration,
i.e., the incubation of human colon cancer specimens
with the antibody, allowed discerning neoplastic tissue
[103]
from healthy mucosa
. Similar observations were
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[104]

made in a murine model of gastric cancer . In this
study, anti-EGFR antibodies as molecular probes not
only successfully identified tumor xenografts but also
allowed to visualize the subcellular distribution of
[104]
EGFR . Based on these results, a first human study
was conducted just recently in which the fluorescentlylabeled anti-EGFR antibody cetuximab was topically
[105]
applied in CRC patients
. Upon visualization with
CLE, an EGFR-specific fluorescence signal was present
in 18 out of 19 patients with CRC and 12 out of
18 patients with intestinal adenomas while normal
[105]
mucosa exhibited no or only weak fluorescence .
These findings were directly translated into
clinical applications and first pre-clinical trials have
impressively demonstrated that the visualization
of molecular targeted can be utilized for a riskstratification of individual patients which allows to
predict therapeutic response a priori to the initiation
of treatment. One of the first studies that provided
proof-of-concept utilized nude mice transplanted with
colon cancer xenografts with either high or low EGFR
[106]
expression . CLE was performed 48 h after injection
of a test dose of fluorescently labelled cetuximab and
subsequently received cetuximab as a cancer treating
agent. Importantly, the CLE-assessed fluorescence
intensity before initiation of therapy predicted the
response to subsequent cetuximab treatment as
shown in a significantly slower tumor progression,
better physical condition, and longer overall survival
in mice that exhibited tumors with high anti-EGFR
[106]
fluorescence at the initial evaluation .
Just recently it has been shown that molecular
imaging with fluorescently labeled antibodies and
CLE can successfully be used to stratify IBD patients
prior to the initiation of treatment into responders and
non-responders, thereby allowing a prediction on the
therapeutic success.
In this seminal first phase 1 clinical trial, a fluo
rescently labeled anti-TNF antibody (FITC-adalimumab)
was topically applied to the inflamed mucosa of IBD
patients during endoscopy via a spraying catheter, and
subsequently, the amount of intestinal mTNF+ cells
[107]
was quantified via CLE
. Importantly, patients with
high numbers of mTNF+ cells showed significantly
higher short-term response rates (92%) at week 12
upon subsequent anti-TNF therapy as compared to
patients with low amounts of mTNF(+) cells (15%),
despite comparable severity of mucosal inflammation
in both patient groups. This clinical response in
patients with high amounts of intestinal mTNF+ cells
was sustained over a follow-up period of 1 year and
was associated with mucosal healing observed at
[107]
follow-up endoscopy
. Hence, these data were the
first to indicate that molecular imaging with fluorescent
antibodies and CLE has the potential to predict
therapeutic responses to biological treatment in CD
and might be used for personalized medicine in IBD
and potentially other autoimmune or inflammatory
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disorders. The establishment of this approach and its
widespread integration into daily endoscopic routine
and patient care would have a tremendous impact
since it will not only allow to avoid unnecessary risk
exposure associated with biological therapies but
would also lead to a considerable economization of the
treatment regimens.
In summary, as contoured by the studies described
above, molecular imaging is a rapidly emerging field
in advanced endoscopic imaging and will likely have
paradigm-shifting consequences for daily practice in
the foreseeable future. With this approach, endoscopy
is in the center of attention and allows the endoscopist,
apart from diagnosis and treatment, to acquire a third
key competence in medicine: prediction on individual
patient level.
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Abstract
Inflammatory bowel disease (IBD) is an immunological
disorder that is usually treated with immunosuppressive
therapy, potentially leading to increases in vulnerability
to infections. Although many infections can be pre
vented by vaccination, vaccination coverage in these
patients in clinical practice is insufficient. Therefore,
the seroprotection condition should be verified, even
for routine vaccines, such as hepatitis B or pneu
mococcus. Response to vaccines in IBD patients is
thought to be impaired due to the immunological
alterations generated by the disease and to the
immunomodulatory treatments. The immunogenicity
of hepatitis B, influenza, and pneumococcal vaccines
is impaired in IBD patients, whereas the response to
papillomavirus vaccine seems similar to that observed
in the healthy population. On the other hand, data on
the immunogenicity of tetanus vaccine in IBD patients
are conflicting. Studies assessing the response to
measles-mumps-rubella, varicella, and herpes zoster
vaccines in IBD patients are scarce. The cellular and
molecular mechanisms responsible for the impairment
of the response to vaccination in IBD patients are
poorly understood. Studies aiming to assess the
response to vaccines in IBD patients and to identify
the mechanisms involved in their immunogenicity are
warranted. A better understanding of the immune
response, specifically to vaccines, in patients with
immune-mediated diseases (such as IBD), is crucial
when developing vaccines that trigger more potent
immunologic responses.
Key words: Crohn’s disease; Inflammatory bowel
disease; Tumor necrosis factor; Ulcerative colitis; Vaccine;
Vaccination; Immunogenicity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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are vulnerable to infections owing to the underlying
immunological disorder and to the immunosuppressive
therapy used to treat the disease. Although some of
these infections could be vaccine-preventable, IBD
patients show impaired immunogenicity to some
vaccines (such as hepatitis B or pneumococcal vaccines).
In this review, the authors discuss available data on
the immunogenicity of vaccines in IBD patients and
summarize current knowledge on the mechanisms that
could impair responses to vaccines.
Marín AC, Gisbert JP, Chaparro M. Immunogenicity and
mechanisms impairing the response to vaccines in inflammatory
bowel disease. World J Gastroenterol 2015; 21(40): 11273-11281
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11273.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11273

INTRODUCTION
Crohn’s disease and ulcerative colitis are the two main
inflammatory bowel diseases (IBD). Treatment during
the last decade has been based on immunosuppressants
and biological therapies, such as anti-tumor necrosis
[1]
factor alpha (TNF) agents . Immunosuppressants and
biologics are used increasingly often and earlier during
[1]
the course of the disease . In this respect, patients
with IBD are vulnerable to infections because of the
immunological disorder caused by the disease itself or
to the immunosuppression induced by the treatments.
Prevention of infectious diseases is a major issue
for public health, and vaccination has shown to be
one of the most successful strategies against the
spread of several diseases. Accordingly, the European
Crohn’s and Colitis Organisation (ECCO) recommends
knowing the seroprotection condition of IBD patients,
even for routine vaccines, such as hepatitis B or
[2]
pneumococcus (tables 1 and 2). Although numerous
groups and experts support the importance of
adequate vaccination of IBD patients, the percentage
of physicians that monitor and routinely recommend
the administration of vaccines to IBD patients is low
[3-5]
(approximately 50%) .
Some studies have suggested that the response to
[6-10]
vaccines in IBD patients is impaired
. The diseaserelated immune disorder and the immunosuppression
induced by the medications could compromise the
natural response to immunization and impact the
immunogenicity and safety of vaccination in this
particular population.
The present review will focus on the immunogenicity
of vaccines in patients suffering from IBD and the
mechanisms that are potentially involved in impaired
response to vaccines.

WJG|www.wjgnet.com

INACTIVATED VACCINES
Hepatitis B virus vaccination

The prevalence of hepatitis B virus (HBV) infection
does not significantly differ between the background
[11]
population and patients with IBD . However,
reactivation of HBV may have fatal consequences
in immunosuppressed patients. In this respect, the
authors of the REPENTINA 2 study observed that
among 25 patients with hepatitis B surface antigen
(HBsAg), nine experienced liver dysfunction and six
[12]
had liver failure . Thus, active preventive measures,
such as administration of antiviral drugs, to patients
with chronic infection and vaccination of seronegative
[2]
patients are recommended .
Recombinant HBV vaccines mainly consist of HBsAg
associated with adjuvants that enhance the immune
response (e.g., monophosphoryl lipid A, aluminium
hydroxide, oil-in-water emulsions). Studies in healthy
individuals showed that three doses of HBV vaccine
were enough to develop protective anti-HBs antibody
[13-15]
titers in over 95% of the population
. However,
the immunogenicity of this vaccine in IBD patients has
proven to be lower, mainly in those patients receiving
[16,17]
biologic therapy or immunosuppressants
. For
[18]
example, Melmed et al detected anti-HBs antibodies
in only three out of nine patients, and Vida Pérez et
[19]
al
in 36% of the vaccinees. In another study with a
single-dose vaccine at 0, 1, and 6 mo, an appropriate
immune response (i.e., > 10 IU/l) was obtained in all
healthy controls, but only 76% of patients were able to
[6]
reach that cutoff .
The largest study to date on HBV vaccination in IBD
[20]
patients was performed by Gisbert et al . A total of
241 patients were vaccinated against HBV with a quick
schedule (0, 1, and 2 mo) and a double-dose protocol.
Fifty-nine percent and 39% of the patients developed,
respectively, anti-HBs titers > 10 IU/l and > 100 IU/l
two months after the last dose. In this study, older age
and anti-TNF treatment were associated with a lower
response rate.
[21]
These findings were confirmed by Loras et al ,
who studied 254 patients (235 with anti-HBs < 10 IU/l
and 19 with anti-HBs from 10 to 100 IU/l). In this
study, only 26% of patients achieved anti-HBs titers >
100 IU/l. Age ≤ 30 years and starting the vaccination
schedule simultaneously with anti-TNF treatment (vs
months to several years of anti-TNF treatment) were
the only predictors of effective vaccination.
The second ECCO consensus on opportunistic
infections suggested that the development of sero
protection might require higher doses of the VHB
[2]
immunogen . The benefit for vaccinating with a high[22]
dose protocol was demonstrated by Gisbert et al ,
who studied 148 patients vaccinated against HBV
using two different protocols: 54% with the “clinical
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Table 1 Vaccines recommended in patients with inflammatory bowel disease
Vaccine

Type of immunogen

General recommendations for vaccination in IBD

Concerns in IBD patients on
immunosuppressive therapy

HBV

Recombinant protein

None

HPV1

Quadrivalent vaccine
(Recombinant proteins)
Inactivated virus
Polysaccharides, conju-gated or
not to a protein carrier
Inactivated toxoid

After checking the serological status for HBV: doubledose schedule
Women aged between 11-12 yr: 3 doses (0, 2 and 6 mo)
1 dose annually
1 dose every 5 yr

None
None

Influenza
Pneumococcus
Tetanus

None

None

Measles-mumps-rubella
Varicella

Live attenuated virus
Live attenuated virus

Patient previously vaccinated: 1 dose every 10 years
Unknown or not previously vaccinated: 3-doses
Non-immunized: Standard schedule
Non-immunized: 2 doses (0 and 1-2 mo)

Herpes zoster1

Live attenuated virus

Patients aged over 60 yr: Standard schedule

Contraindicated
Risks and benefits should be
evaluated on an individual basis
Risks and benefits should be
evaluated on an individual basis

1

Depending on local recommendations. Source: Second European evidence-based consensus on the prevention, diagnosis and management of opportunistic
infections in inflammatory bowel disease[2]. IBD: Inflammatory bowel disease; HBV: Hepatitis B virus; HPV: Human papillomavirus.

Table 2 Vaccines recommended in patients with inflammatory bowel disease and mechanisms associated with impaired response in
these patients
Vaccine

Immunogen

Impaired response

Factors associated with a lower
response

Mechanisms associated with lower
immunogenicity

HBV

Recombinant protein

Yes

Not described

HPV
Influenza
Pneumococcus

Recombinant protein
Inactivated virus
Polysaccharides

No
Yes
Yes

Inactivated toxoid

Unclear

Age[20,21,23],
immunosuppressive or antiTNF therapy[20,21,23]
Immunosuppressive therapy[8]
Immunosuppressive and/or
anti-TNF therapy[9,10,55]
None described

Live attenuated virus
Live attenuated virus
Live attenuated virus

No
No
No

-

Tetanus
Measles-mump-rubella
Varicella
Herpes zoster

Not described
Conflicting results about memory B cells[60,62]
Defects in the development of IgG-secreting
plasma cells[65]
-

HBV: Hepatitis B virus; HPV: Human papillomavirus; TNF: Tumor necrosis factor.

®

practice” protocol (single doses of Engerix-B at 0,
1, and 6 mo) and 46% with a faster, double-dose
®
protocol (double doses of Engerix-B at 0, 1, and 2
mo). A higher effective response to vaccination (defined
as anti-HBs > 10 IU/L) was reached with the faster
double-dose schedule than the response obtained with
the single-dose protocol (75% vs 41%). The doubledose protocol was the only factor associated with a
better response to the vaccines, suggesting that the
faster double-dose schedule could be a suitable option
[22]
in patients with IBD .
Although the double-dose regimen was more
immunogenic than the standard dose, the response
to HBV vaccine in IBD patients was still too low
[23]
compared to healthy controls. Chaparro et al
assessed the immunogenicity of a recombinant
®
vaccine with a new adjuvant, Fendrix , compared
®
with double-dose Engerix at 0, 1, 2, and 6 mo in IBD
patients. A four-dose vaccine schedule significantly
increased (by > 40%) the response compared with
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the three-dose regimen. Older age and treatment with
immunosuppressants or anti-TNF drugs impaired the
success of the vaccines.
Therefore, despite the numerous attempts to
enhance the response to HBV vaccines either by
increasing the dosage, optimizing the administration
schedule, or testing potent new adjuvants, the
response rate to HBV vaccine in IBD patients was still
impaired.
The success of the recombinant HBV vaccine
depends mainly on the T-cell response to the antigen.
However, before such a response can occur, antigenpresenting cells must be able to present the antigen
to the T cells, and B cells must be able to proliferate
and differentiate into anti-HBs-secreting plasma cells.
Thus, the development of protection against HBV will
largely depend on the ability of the immune system
to produce anti-HBs antibodies. Nevertheless, longterm protection against infection may also require
generation of immune memory cells (B and T memory
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[24]

lymphocytes) .
The response to HBV vaccine does not only depend
on the type and dosage of HBV vaccine. Vaccinee
characteristics, such as age, gender, the presence of
certain genetic polymorphisms, comorbidity, immune
status, or smoking habit, also affect the immunogenicity
[25]
of the HBV vaccine .
Many studies have investigated the immune
mechanisms associated with the responsiveness to
HBV vaccine in the healthy population. For example,
an association between human leukocyte antigen (HLA)
haplotypes and defects in the presentation of HBsAg
(by antigen-presenting cells) and recognition HBsAg
(by T lymphocytes, affecting their cytokine production
[26]
profile) has been described . The role of lymphocytes
in triggering the immune response has also been
investigated, and defects in the lymphocyte repertoire
[27-29]
or functionality have been documented
, as has
the presence of T-cell populations that suppress the
[30]
cellular response to HBsAg and abnormal regulatory
[31]
T-cell counts . Finally, diminished activation of natural
killer (NK) and natural killer T (NKT) cells has also been
[32]
associated with a poorer response to this vaccine .
Immune-mediated or chronic viral diseases, such
as human immunodeficiency virus (HIV) infection
and chronic liver or kidney disease, have also been
associated with impaired responsiveness to the HBV
vaccine. For example, it has been suggested that one
of the main reasons for vaccine failure in patients
with chronic viral infections [HIV, hepatitis C virus
(HCV)] is the limited proliferative potential of the
lymphocyte associated with changes (induced by the
[33]
infective virus) in the signaling immune mechanisms .
Furthermore, an impaired T-helper response has been
[34]
reported in patients on dialysis . On the other hand,
biological parameters, such as higher helper T-CD4
[35]
prevaccination counts in HIV-infected patients
or a
[36]
higher CD4/CD8 ratio in dialysis patients , have been
shown to predict a better response to vaccination.
In IBD patients, data on the cellular or molecular
mechanisms impairing the immunogenicity of HBV
vaccine are scarce. Several of the genetic mutations
and polymorphisms associated with an increased
risk of developing IBD have also been involved in
recognition of intestinal microbiota by the innate
immune system (NOD2, TLR4), in autophagy
(ATG16L1, IRGM, VAMP3), in intestinal barrier function
(DLG5, MUC1), and in the activation, survival, and
growth of lymphocytes (HLA, IL23R, IL10, IL10R,
[37,38]
IL2RA, ERAP2, CPEB4, TNFSF11, SMAD3)
. The
genetic and immunological peculiarities of patients with
IBD described above, together with the effect of the
immunomodulatory therapies, could, therefore, affect
the ability of the immune system to react properly to
the vaccine antigens.

Human papillomavirus vaccination

Human papillomavirus (HPV) infection is a sexually
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transmitted disease that comprises some 40 oncogenic
variants classed as low to high-risk to develop
[39-41]
an anogenical neoplasm
. As HPV-associated
tumors may be more common after prolonged
[2]
immunosuppressive therapy , vaccination has been
[41]
recommended in patients with HPV infection .
Since 2006, a quadrivalent vaccine that covers types
HPV-6, -11, -16, and -18, is accessible in Europe. In
2007, a bivalent vaccine for types HPV-16 and -18 was
authorized. Both prophylactic vaccines are effective and
safe against HPV in the immunocompetent population
[42,43]
(95%-100%)
.
[44]
Jacobson et al
assessed the immunogenicity
and tolerability of the quadrivalent HPV vaccine in
IBD patients receiving immunosuppressive therapies
and in healthy controls. The study included 33 IBD
®
patients who received three doses of Gardasil at
0, 2, and 6 mo. After the three doses, 94% of the
patients seroconverted to the four subtypes of HPV,
and only 6% were not seropositive to type HPV-18.
This figure was similar to that described in healthy
individuals. Unfortunately, owing to the small sample
size, the study did not provide data on differences
in immunogenicity between the different drug doses
(immunomodulators vs anti-TNF agents).

Influenza virus vaccination

Influenza is a seasonal respiratory disease that, despite
its usual acute and self-limiting behaviour, leads to
many thousands of visits to emergency departments
[8,45,46]
and can be lethal
. Rates of morbidity and
complications have been reported to be higher among
[47,48]
immunosuppressed patients
.
The A and B types of the virus are responsible
for human influenza epidemics. Immunosuppression
increases the risk of infection, and, therefore, the
annual vaccination for patients on immunosuppressants
[2]
has been proposed . Whereas the majority of patients
suffering IBD will receive immunosuppressive therapy
during the course of their disease, the ECCO consensus
recommends annual vaccination since the disease was
[2]
diagnosed .
There is a live-attenuated influenza vaccine and
also an inactivated type. The live-attenuated one is
not recommended for patients on immunomodulators,
but the trivalent inactivated influenza vaccine is not
[49]
contraindicated in patients on immunosuppressants .
Influenza vaccine seems to be less immunogenic
in IBD patients, especially evidenced by a low
[7,8,50,51]
serologic responses against the virus type B
.
[7]
For example, Mamula et al included 51 children with
IBD and 29 healthy controls and found a significantly
poorer immune response in IBD patients than in
healthy controls. Furthermore, patients receiving
infliximab and immunomodulators were less likely to
respond to influenza vaccine antigens. These results
[8]
were also confirmed by deBruyn et al in a study that
included 60 children with IBD and 53 healthy controls
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who received inactivated influenza vaccines, including
both type A (H1N1 and H3N2) and type B. In this
study, children with IBD showed a diminished response
to the B component (53%) compared to healthy
individuals (81%).
The negative effect of immunosuppression on
the response to the influenza vaccine has been
assessed in several diseases. For example, Cowan et
[52]
al
observed lower immunogenicity of the vaccine
in immunosuppressed kidney recipients than in
healthy people. This diminished response seemed to
be associated with a defective humoral and cellular
response and with suppression of differentiation of
B cells into IgG-secreting plasma cells supported
by immunosuppressive therapy. A recent study by
[53]
Bálint et al
showed that the administration of the
vaccine in IBD patients (74% of whom were receiving
immunosuppressive therapy) induced a decrease
in serum IL-2 levels. Other immune-mediated and
chronic viral diseases, such as rheumatoid arthritis,
HIV, and common variable immunodeficiency, have
been associated with an impaired immune response to
the influenza vaccine, thus highlighting the importance
of vaccinee immune status.
Genetic polymorphisms have also been associated
[54]
with the response to influenza vaccination .
In conclusion, despite the fact that the response
to influenza vaccine appears to be diminished in
IBD patients taking immunosuppressant drugs, the
degree of response reached in most cases seems
to be enough, so the annual influenza vaccination is
[12]
recommended .

Pneumococcal vaccination

Streptococcus pneumoniae is a pathological micro
organism that is able to cause serious infections,
such as meningitis or pneumonia. Cohort studies
have shown that one of the most prevalent infections
in immunosuppressed patients with IBD is bacterial
[55]
pneumonia , maintaining these patients at high risk
[16,18]
of invasive pneumococcal disease
. Accordingly, it
is recommended to administer, at least, one dose of
[2]
the pneumococcal vaccine to all IBD patients .
Two types of pneumococcal vaccine are available:
the 23-valent polysaccharide vaccine and the
conjugate vaccines (polysaccharides conjugated to
proteins, such as diphtheria and tetanus toxoids,
meningococcal outer membrane protein complex or
protein D of Haemophilus influenzae). Both types of
vaccines can be used in IBD patients, but most studies
have focused on the 23-valent polysaccharide vaccine.
The immunogenicity of pneumococcal polysaccharide
vaccination has been assessed in IBD patients.
Study results suggested that IBD patients receiving
immunosuppressants have significantly impaired
postvaccination titers, while not immunosuppressed
patients and healthy people do not and have similar
response rates to one another. Moreover, patients
on combination therapy (i.e., taking more than
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one immunosuppressant) had a lesser immune
response to the pneumococcal vaccine than patients
treated with only one immunosuppressive drug
[9,10,55]
in monotherapy
. As these data reflect that,
somehow, immunosuppressant therapy influences the
outcome of the 23-valent pneumococcal vaccine, it
is advisable to administer the vaccine at diagnosis or
at least 2 wk before starting any immunomodulatory
[13,55]
treatment
. A booster dose should be administered
[2]
after 5 years . Despite the suboptimal response
to vaccination among IBD patients receiving
immunomodulators or biological drugs, the vaccine
[3]
could still confer some degree of protection .
Pneumococcal 23-valent vaccine is composed
of polysaccharides that are T-cell-independent
antigens, which do not induce immunologic memory.
B lymphocytes are responsible for recognizing
polysaccharides and secreting protective antibodies
against pneumococcal bacteria (IgG and IgM).
The phenotype of the B cells that react specifically
against the 23-valent vaccine has not been fully
identified, although, at least in young healthy people,
+
[56]
most seem to be IgM memory B cells . In elderly
people, however, the response to the 23-valent
vaccine was mediated by switched memory B cells
+
[57]
(IgM ) instead of IgM memory B cells . This
“alternative” immunological mechanism that generates
protection through switched memory B cells was
also associated with decreased opsonophagocytic
[57]
+
activity . People with low counts of IgM memory B
cells (e.g., the elderly or patients with common variable
immunodeficiency) showed diminished efficacy of
pneumococcal vaccine and increased susceptibility to
infections caused by encapsulated bacteria, such as S.
[58,59]
pneumoniae
. Notably, IBD patients, even those
who are not receiving immunomodulators, also have
+
a lower proportion of circulating IgM memory B cells
than healthy controls, probably owing to deficient
[60,61]
spleen function
.
Other studies that have investigated the relevance
of switched memory B cells in IBD patients have shown
[60]
conflicting results. Di Sabatino et al
compared the
percentage of circulating switched memory B cells
between patients with IBD and healthy adults and
found no significant differences. In contrast, Fallahi et
[62]
al
found fewer switched memory B cells in children
with Crohn’s disease (but not in those with ulcerative
colitis) than in healthy young adults vaccinated with a
nonconjugate pneumococcal vaccine.
+
An increase in the proportion of IgM memory B
cells has been observed in IBD patients who respond
[63]
to anti-TNF drugs . This finding has been confirmed
in patients with spondyloarthritis receiving anti-TNF
[64]
therapy . To the best of our knowledge, no study has
assessed the possible relationship between switched/
unswitched memory B-cell counts, opsonization
activity, use of immunosuppressants, and response to
pneumococcal vaccine in IBD patients.
In contrast to vaccines that include only poly
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saccharides, conjugate pneumococcal vaccines have
the advantage of inducing both humoral response and
immune memory. However, despite their potential
benefits in IBD patients, conjugate pneumococcal
vaccines have been poorly studied.

Tetanus

Patients with IBD not vaccinated against tetanus or
with unknown vaccination status should receive the
primary series of tetanus vaccines (three doses). After
the initial series, all patients should receive the booster
every 10 years. Three studies have investigated the
serological response to the booster vaccine in IBD
patients and found conflicting results: two studies
[65,66]
suggested an altered response
, while the third
[67]
observed normal anti-tetanus antibody titers . Brogan
[65]
et al
suggested that the impaired response to the
tetanus vaccine in IBD patients could be caused by
a defect in the development of IgG-secreting plasma
cells; however, this finding has not been confirmed
elsewhere.

LIVE-ATTENUATED VACCINES
Measles, mumps and rubella

Since the vaccine against measles, mumps, and
rubella is commonly administered in childhood, it is
usually given before IBD is diagnosed. Vaccine can
be administered in IBD patients not treated with
immunosuppressant drugs and lacking immunity.
Nevertheless, as this vaccine is generally given in most
developed countries, the risk of acquisition of these
[68]
infections is very low .

Varicella and herpes zoster vaccinations

Varicella infection is generally a mild disease in
children, but it can develop severe complications,
especially in adults, leading to death in 20/100000
[69]
people . Immunity to varicella is usually acquired
[18]
through infection during childhood ; however, as this
illness is very contagious, adults not immunized are
at high risk of be infected. Since a third of infected
immunocompromised patients have a disseminated
[69]
herpes zoster disease , it is recommended to
confirm the seroprotection of IBD patients before the
administration of an immunomodulator.
Local guidelines generally recommend the vac
cination of children between the ages of 12 and 18 mo
and administration of a booster dose at 11-12 years.
Children with IBD not treated with immunosuppressant
[2]
drugs should follow the same vaccination protocol .
In the case of adult patients with IBD not immunized
against varicella, it is recommended to administer the
two-dose series of varicella vaccine at least 3 wk before
[2]
starting any immunomodulatory therapy . Although
recent studies show that this vaccine is effective and
safe, even in immunosuppressed patients, data are still
scarce. Given the potential risk of complications due to
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the progression of the infection in immunocompromised
adults, the benefits and risks of the varicella vaccine
should be considered on an individual basis.
After resolution of the varicella infection, the virus
stays latent within the spinal ganglion. The reactivation
of the virus results in the Herpes zoster infection
(shingles), that is developed in up to one in three
people in the general population and in an higher rate
[69]
among immunocompromised patients .
A herpes zoster vaccine has been licensed in the
United States. This vaccine is a live-attenuated strain
of the varicella zoster virus, 14 times more potent than
the single-antigen varicella vaccine, and it is suggested
for people over 60 years in order to prevent and/or
[70]
reduce the severity of herpes zoster complications .
As little information is available regarding the safety
and efficacy of the vaccine in immunocompromised
patients, and immunosuppression can lead to a
disseminated disease in case of infection, guidelines
do not recommend the administration of the shingles
[71]
vaccine in patients treated with anti-TNF drugs
and suggest a window of 1-3 mo after initiating
[72-74]
immunosuppressive therapy
. Nevertheless, the
Centers for Disease Control (CDC) and the Advisory
Committee on immunization Practices (ACIP) stated
that patients with lower levels of immunosuppression
(≤ 0.4 mg/kg per week of methotrexate, ≤ 3 mg/kg
per day of azathioprine, or ≤ 1.5 mg/kg per day
of mercaptopurine) can tolerate attenuated herpes
zoster-based vaccine. In fact, the risk of recurrence of
varicella is low, even in profoundly immunosuppressed
patients, as varicella-zoster immunity is well-maintained
[71]
over time .
[72]
In this respect, Zhang et al studied the incidence
of herpes zoster disease after administering the liveattenuated vaccine in a cohort of 450000 patients
with immune-mediated diseases (including IBD). The
study concluded that the short-term risk of herpes
zoster was not increased in vaccinated patients,
independently of the prescription of anti-TNF therapy.
Moreover, a decline in the incidence of herpes zoster
over a median 2 years of follow-up was related to the
[72]
vaccination . However, the proportion of vaccinated
patients was small (1.2%), suggesting that further
evidence is needed to confirm the safety of the vaccine
in this population.

CONCLUSION
Patients with IBD are at risk of vaccine-preventable
illnesses. The immunization status of patients with
IBD should be verified, even with respect to routinely
administered vaccines. It has been suggested that
the response to vaccines in IBD patients is impaired
owing to the immunological alterations generated by
the disease and to the immunomodulatory treatments.
The immunogenicity of hepatitis B, influenza, and
pneumococcal vaccines is impaired in IBD patients,

11278

October 28, 2015|Volume 21|Issue 40|

Marín AC et al . Vaccination in IBD
whereas the response to papillomavirus vaccine
seems to be similar to that observed in the healthy
population. Data on the immunogenicity of tetanus
vaccine in patients with IBD are conflicting. Studies
assessing the response of patients with IBD to
measles-mumps-rubella, varicella, and herpes zoster
vaccines are scarce. The mechanisms involved in the
altered response to vaccines in IBD patients remain
unclear. Several HLA haplotypes have been associated
with a higher risk of vaccination failure; however,
whether these genetic factors cause deficient antigen
presentation or diminished recognition by immune
cells remains unknown.
Studies aiming to assess the response to vaccines
in IBD patients and to identify the mechanisms
involved in their immunogenicity are warranted.
Understanding the alterations of the immune system
of IBD patients is a key area in the development of
more immunogenic vaccines for this particular group of
patients and for other patients with immune-mediated
diseases.
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important economic impact on the healthcare system.
Advances in recent years in pharmacogenetics and
clinical pharmacology have allowed for the development
of treatment strategies adjusted to the patient profile.
Concurrently, new drugs aimed at inflammatory targets
have been developed that may expand future treat
ment options. This review examines advances in the
optimization of existing drug treatments and the deve
lopment of novel treatment options for IBD.
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Core tip: The incidence and prevalence of inflammatory
bowel disease (IBD) has been increasing worldwide. In
recent years, the treatment objectives, the monitoring
of IBD, and the drug treatments for controlling the
disorder have been evolving. This review summarizes
recent developments in pharmacogenetics, clinical
pharmacology, and the use of new drug molecules that
may expand IBD treatment options in the future.
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Abstract

INTRODUCTION

In recent years, the incidence of inflammatory bowel
disease (IBD) has been on the rise, extending to
countries where it was infrequent in the past. As
a result, the gap between high and low incidence
countries is decreasing. The disease, therefore, has an

Inflammatory bowel disease (IBD), Crohn’s disease
(CD), and ulcerative colitis (UC) are important public
health problems. According to recent studies, the
annual incidence of UC varies between 19.2-24.3
cases per 100000 inhabitants in Europe and 6.3 cases
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[1]

per 100000 inhabitants in Asia and the Middle East .
For CD, the estimated incidence is 12.7-20.2 cases per
100000 inhabitants in Europe and the United States
vs five cases per 100000 inhabitants in Asia and the
Middle East. The incidence of IBD is currently growing
in areas where the disease was previously infrequent.
As a result, the gap between high‑ and low‑incidence
[2]
countries is closing . This rise runs parallel to
technological development, improvements in living
standards, and a greater interest in this disease
[3]
among physicians . The underlying pathogenesis
remains uncertain, although the most widely accepted
theory revolves around changes in the host immune
response in genetically susceptible individuals to the
intestinal microbiota that is triggered by environmental
stimuli. None of these alterations alone can cause
the disease, and the interactions among these four
factors in the pathogenesis are very complex. In
recent decades there have been important advances
regarding each of these factors. Progress in the field
of genetics has resulted from the performance of
genome‑wide association studies (GWAS), although
[4]
they only account for 20%-25% of the cases of IBD .
Knowledge of epigenetic mechanisms could explain the
influence of environmental factors and the microbiota
[5,6]
upon IBD and the low correlation to concrete genes .
These developments have opened the door to per
[7]
sonalized medicine .
Knowledge of the immunological mechanisms
involved in the manifestation of IBD has led to the
development of new biological drugs. The first major
advance is represented by the anti‑tumor necrosis
factor (TNF)-α drugs, which have revolutionized the
treatment of IBD, since they are able to induce and
[8]
maintain mucosal healing of the disease , a key factor
[9,10]
for modifying the natural course of the disorder
.
Nevertheless, despite these advances, one‑third of all
patients with CD fail to respond to anti-TNF-α therapy
(primary non‑responders), and 10% do not tolerate
or do not respond to any of the drugs used to treat
[11,12]
CD
. In the case of UC, the reported colectomy
rate reaches up to 21% after an initial response to
[13]
anti‑TNF‑α drugs . This has led to the search for new
therapeutic targets and further optimization of existing
treatment options. Clinical pharmacology allows us to
determine therapeutic drug concentrations (thiopurine
agents and anti-TNF-α drugs) and, if needed, to
explain their loss of responsiveness and their adverse
effects. In the coming years, personalized medicine,
where treatments will be prescribed according
to the risk factors in each individual patient and
the probability of achieving response to a given
drug substance, will be initiated. There have been
developments in the way IBD is monitored, with the
adoption of reliable and scantly aggressive techniques,
such as noninvasive imaging tests, stool markers,
[14]
breath tests, etc. , which fall beyond the scope of this
review. We provide below a description of the current
advances in pharmacogenetics and possible new drug
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substances.

PHARMACOGENETICS
Personalized medicine seeks to find the ideal drug for
each individual patient at the appropriate dose and
administered via the best possible route. This approach
allows for increased effectiveness, with the least risk of
side effects, and at the lowest possible cost. Physicians
try to identify patients with more serious disease,
with a view to introducing early and more effective
treatment in order to prevent long‑term complications,
distinguishing them from those individuals with less
severe disease and a more favorable prognosis in
which aggressive treatment poses a higher risk of
undesired effects. Patient response to drug treatment
is dependent upon many factors, including the severity
of the disease and genetic and environmental factors.
Pharmacogenetics is the study of the association
between the different polymorphisms of a gene
and the variability of response to treatment or its
toxicity with a given drug. It has been estimated that
polymorphisms can account for 20%-95% of the
[15]
variability of a response to a drug .
A number of drugs are currently available for the
treatment of IBD: 5‑aminosalicylates, corticosteroids,
immunosuppressors (thiopurine drugs, calcineurinic
agents, methotrexate), and biological agents (antiTNF-α drugs).

Aminosalicylates

The aminosalicylates are among the main agents
used to treat patients with UC, and their colon cancer
chemoprophylactic effect allows them to be used
in UC with pancolonic disease involvement. The
metabolization of both sulfasalazine and mesalazine is
mediated by the enzyme N-acetyltransferase (NAT).
For almost six decades, the population has been
divided into fast and slow acetylators. There are two
NAT isoenzymes (NAT1 and NAT2), and different
polymorphisms have been described in different
[16]
ethnic groups . NAT1 metabolizes mesalazine,
and it has no demonstrable associations with clinical
effects. NAT2 metabolizes salazopyrin derived from
sulfasalazine breakdown. In 1983, a link between
NAT2 slow acetylators, who accumulate higher drug
levels in blood, and an increased number of side
effects was shown. Twenty-five years later, and thanks
to our knowledge of single nucleotide polymorphisms
(SNPs), it has been possible to confirm the association
between NAT2 with a slow acetylator phenotype
[17]
and dose‑dependent side effects . There are fewer
studies on 5-acetylsalicylic acid (5-ASA) than with
immunosuppressors and biological drugs, since 5-ASA
is only used to reduce side effects that are usually not
serious. However, since more prolonged treatment
with 5-ASA was proposed due to its chemoprotective
effect against colon cancer, the pharmacogenetic
studies have become more important.
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Glucocorticoids

Glucocorticoids (GLCs) are used in moderate and
severe flare‑ups of IBD, and although they are very
effective, 16%-20% of all patients are refractory to
GLCs in the Caucasian population, and 28%-36%
[18-20]
are corticodependent
. The GLCs exert their antiinflammatory effect by inhibiting T cell activation and
cytokine secretion, following binding of the drug to the
intracellular glucocorticoid receptors (GR-alpha), which
modify their structural conformation as a result. Three
potential mechanisms can cause GLCS treatment
to be ineffective: inadequate receptor function; an
excess of proinflammatory cytokines, which would
reduce affinity between the drug and its intracellular
receptor; and a decrease in intracellular corticosteroids
[21]
secondary to expulsion from the cell . This latter
mechanism is dependent upon glycoprotein P-170
(P-gp), which is found in lymphocytes and in the apical
membrane of the enterocytes, among other locations.
An increase in P‑gp at cell surface level causes drug
release into the bloodstream. This protein is encoded
by the ABCB1/MDR1 gene of chromosome 7. The
expression of this gene is reportedly increased in IBD
presenting a greater need for surgery because of a
[22]
poor response to drug treatment . Different allelic
variants (the most widely studied being C3435T and
G2677T) are associated with an increased risk of
developing extensive UC, although no association to
[23]
CD has been observed . Studies with larger patient
series and stable corticosteroid doses are needed to
determine the precise relationship between P-gp and
the lack of response to such drugs.
The studies that have explored the different
cytokines implicated in corticosteroid response offer
contradictory results, and the underlying polymor
[24]
phisms have not been established .
Genetic studies related to the gene encoding for the
intracellular glucocorticoid receptor (hGR) have also
been performed. Polymorphism N363S is associated
[25]
with a good response , while polymorphism ER22/
[26]
23EK is associated with corticosteroid resistance .
Knowing the genetic susceptibility of corticosteroid
resistant patients is an important step forward, since it
would help avoid important morbidity among patients
who stand to derive no benefit from such treatment.
None of these pharmacogenetic markers are of use in
routine clinical practice.

Thiopurine drugs

Thiopurine drugs are used to maintain remission in
patients with moderate to severe IBD. The effects
are only observed after 3 mo of treatment. Purine
metabolization is complex and involves different
enzymes; this results in important genetic variability
in the efficacy and toxicity of these drug substances
(Figure 1).
The thiopurine drugs (TPs) are able to control the
disease in 66% of patients, although an important
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proportion (10%-25%) must suspend the medication
because of serious (leukopenia, pancreatitis, infec
tions, or malignancies) or mild side effects (rash,
nausea, vomiting, flu syndrome, or joint pain). A clear
association has been demonstrated between thiopurine
methyltransferase (TMPT) deficiency and bone marrow
suppression, although this explains only one‑third of
adverse effects. No clear explanation has been found
for the remaining effects. Knowing in advance whether
these drugs will be tolerated and the risk of side effects
in a given patient may prove useful in daily practice.
TPMT: TPMT is the most widely studied enzyme in
IBD. The identification of genetic mutations before
onset of treatment with TPs is currently the only
pharmacogenetic test performed in IBD.
In 1980, Weinshilboum and Sladeck were the
first to describe the trimodal distribution of TMPT in
Caucasian patients: 90% of the subjects have normal
TMPT activity, almost 10% have intermediate activity,
and 0.3% have almost zero activity. Posteriorly,
over 30 allelic variants have been described, with
different distributions depending on the ethnic group
considered. The correlation between genotype and
phenotype (expressed enzyme activity) is very good
in 77%-99% of the cases. The differences can be
explained by genetic and epigenetic factors (such
as the use of concomitant drugs that inhibit TMPT),
the age of the patient, and the existence of recent
transfusions ‑ since two different enzyme populations
[27,28]
(donor and recipient) may be measured
. The
genetic study of this enzyme allows us to distinguish
among homozygous individuals (without enzyme
activity) at a high risk of suffering bone marrow
suppression; ultra‑fast methylators (high enzyme
activity) with high liver toxicity and a low response to
treatment; and patients with normal and intermediate
enzyme activity, which are the individuals that stand
to benefit most from this medication and are at lesser
risk of adverse effects. Furthermore, it can help
determine which dose a treatment should be started
(Table 1).
Allopurinol reduces the levels of 6‑methylmer
captopurin (6-MeMp) and increases those of 6‑thio
guanine (6TG). Although its mechanism of action
is not clear, it has been suggested that the drug
inhibits the enzyme xanthine oxidase through com
petitive inhibition or reduces the availability of its
[29,30]
substrate
. In daily practice, the TP dose should
be reduced by 25% in those patients who require
allopurinol and present with a normal TPMT genotype
(Table 1). Taking into account that only about one‑third
of all cases of bone marrow suppression in patients
receiving TPs are explained by genetic disposition
and that the origin is, therefore, multifactorial and
will require constant laboratory test monitoring,
many authors have questioned whether this strategy
is cost‑effective. Nevertheless, most current clinical
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AZA
Require molebdum cofactor
6-MeMp
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6-OH 6MPAZA
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6Me-tlMP

TPMT

tlMP

tlMP
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Therapeutic effects and
dose related toxicity
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Figure 1 Metabolism of azatioprine and 6-mercaptopurine. AZA: Azathioprine; 6-MP: 6-mercaptopurine; 6-MeMP: 6-methylmercaptopurine; 6-TU: 6-thiouric acid;
8-OH 6MP: 8-hydroxymercaptopurine; 6Me-tIMP: 6-methyl thioinosine monophosphate; 6-tIMP: 6-thioinosine monophosphate; 6-TIDP: 6-thioinosine diphosphate;
6-TITP: 6-thioinosine triphosphate; 6-MeTITP: 6-methylthioinosine triphosphate; tXMP: Thioxanthine monophosphate tGMP: Thioguanine monophosphate;
tGDP: Thioguanine diphosphate; tGTP: Thioguanine triphosphate; Me-tGMP: Methylthioguanine monophosphate; Deoxy-tGTP: Deoxythioguanine triphosphate;
GST: Glutathione S-transferasa; TPMT: Thipurine methyltransferase; XDH: Xanthine dehydrogenase; AO: Aldehyde oxidase; HGPRT: Hypoxanthine guanine
phosphoribosyltransferase; IMPDH: Inopine monophosphate dehydrogenase; GMPS: Guanosine monophosphate synthetase; PK: Phosphokinase; rPK: Reductase
phosphokinase.

Table 1 Azatioprine treatment basis of individual thiopurine
methyltransferase status
TMPT genotype

TPMT fenotype
(pmol/mgHb)

Treatment dosis
(mg/kg)

Homozygous
Heterozygous
Wild type
(normal)
Wild type (high)

< 10
10-24
25-35

Avoid or consider 0.1-0.2
1-1.5
2-2.5

> 35

0.5 + 100 mg allopurinol

TMPT: Thiopurine methyltransferase.

guides do not recommend genetic study before
starting treatment with TPs. On the other hand, such
studies are not available in many hospitals; laboratory
test monitoring is, therefore, the safest alternative.
Less scientific evidence is available regarding the
other enzymes.
The enzyme xanthine oxidase (XO) is the second
most important enzyme in the metabolism of TPs. It
is found in many tissues, although its main activity
is located in the small bowel and liver. Until a few
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years ago, it was only known that XO activity varied
from one person to another. Discordant variations
depending on patient gender or ethnicity had been
[31,32]
described
, together with changes induced by
environmental factors, such as smoking and the
diet. In 2008, a Japanese group described three
polymorphisms of the gene encoding for XO (G514A,
A3326C and A3662G) that are linked with enzyme
activity, with the population being divided into low,
[33]
normal, or high activity . These polymorphisms
have not been studied in Caucasians or in patients
with IBD. At present, we are only able to extrapolate
that individuals with low enzyme activity would be at
greater risk of suffering adverse effects, while those
with high activity would experience treatment failure.
The enzyme inosine triphosphate pyrophosphatase
(ITPase) controls the intracellular levels of inosine
triphosphate (ITP), transforming it into inosine
monophosphate, which acts as a substrate for other
enzymes. When the enzyme is deficient, ITP accu
mulates in enterocytes. Deficiencies of this enzyme
have been known for almost half a century and

11285

October 28, 2015|Volume 21|Issue 40|

Gómez-Gómez GJ et al . Current directions in IBD
Table 2 Genetic association studies of adverse events secondary to azathioprine in inflammatory bowel disease patients
Study (year)

No. of patients

Conclusion

Marinaki et al[34] (2004)

130

Allorge et al[35] (2005)
Gearry et al[36] (2004)
De Ridder et al[37] (2006)
Hindorf et al[38] (2006)
von Ahsen et al[39] (2005)
Ansari et al[40] (2008)
van Dieren et al[41] (2005)
Zelinkova et al[42] (2006)
Uchiyama et al[43] (2009)
Shipkova et al[44] (2011)
Kim et al[45] (2010)
Zabala-Fernández et al[46] (2011)

72
147
72
60
71
202
109
262
16
160
248
232

Significant association with flu-illness, rash, and pancreatitis
No association with mielotoxicity
No association with flu-illness, rash, pancreatitis, or mielotoxicity
No association with flu-illness, rash, and pancreatitis
No association with side effects
No association with side effects
Early withdrawal of therapy but no association with specific adverse events
Association with flu-like symptoms but not withdrawal of therapy
Not associated with an increased risk for the development of leucopenia and other side effects
Increased risk of leucopenia
Increase risk of mielotoxicity (leucopenia)
Increase risk of mielotoxicity
No association with leucopenia
Significant association with artralgia

have been evaluated in different ethnic groups (with
incidences of 5%-7% among Caucasians and African
populations and up to 15% in Asian populations). Five
polymorphisms have been described, of which only two
are associated with enzyme inactivity: C94A, with an
activity between 0% and less than 25% of normal and
[24]
IVS2 + 21AC, with an activity of 60% of normal .
The results from IBD studies are conflicting
regarding side effects (pseudoinfluenza syndrome,
rash, and pancreatitis) and bone marrow toxicity of
azathioprine (Table 2). These studies, in general,
have few patients and an even smaller number
of patients with the relevant polymorphisms and
have been carried out in different ethnic groups.
Reliable conclusions, therefore, cannot be drawn.
Pseudoinfluenza syndrome causes a large number
of patients to abandon the medication. Currently, he
importance of the genotype of ITPase in relation to
side effects and early treatment suspension is not
known.
Prior to the year 2006, it was believed that the
conversion of azathioprine to 6‑mercaptopurine
(6‑MP) was not mediated by enzyme action. That
year, Eklund demonstrated that it was catalyzed by
[47]
the glutathione‑S‑transferases (GSTs) . This author
analyzed 14 variants, where GST-A1, GST-A2, and
GST-M1 were the three with the highest enzyme
activity. All of them are polymorphic. The studies
in patients with IBD only allow us to affirm that
individuals with low enzyme activity will have low
6‑MP levels and, therefore, will not respond to the
medication, while patients with ultra‑fast activity are at
an increased risk for adverse effects due to high 6‑MP
levels. If this is confirmed, the clinical application would
be evident, since the problem could be overcome by
directly prescribing 6‑MP at the correct dose.
Other enzymes, such as inosine monophosphate
dehydrogenase, hypoxanthine phosphoribosyl
transferase, etc., have been studied, although their
application at the present time is unclear.
Likewise, studies have attempted to determine
the relationship between the levels of metabolites
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(6‑TG and 6MeMP) and the response to treatment
or development of adverse effects. Once again, the
results have been contradictory, with some studies
describing a relationship between activity and the
metabolite levels, while others indicating the opposite.
A meta-analysis suggested that 6‑TG levels above
8
260 pmol/8 × 10 imply that the patient has a greater
[48]
probability of disease remission . Blood 6‑TG levels
8
above 400 pmol/8 × 10 red blood cells increase the
[49]
risk of bone marrow toxicity , and 6‑MeMP levels
8
above 5700 pmol/8 × 10 red blood cells increase
[50,51]
the risk of liver toxicity
. At present, metabolite
determination is not available on a generalized basis in
clinical practice, and its use is controversial. However,
in patients lacking a clinical response, it may help in
deciding medication changes (Figure 2).

Methotrexate

Methotrexate (MTX) is usually used as an alternative
to treatment with TPs in CD both for flare‑ups and as
a maintenance therapy. Its usefulness in UC is more
controversial.
The mechanism of action of MTX in IBD has
not been clearly established. The drug is a folic
acid antagonist and blocks purine and pyrimidine
synthesis. Those tissues characterized by greater
cellular regeneration (turnover) show more toxic
effects. Consequently, the main adverse effects of
MTX are bone marrow suppression, mucositis, and
gastrointestinal and hepatic alterations. Folic acid
supplementation reduces these side effects, although
up to 30% of all patients have to suspend the medi
cation.
Most pharmacogenetic studies of MTX have focused
on patients with hematological tumors and rheumatoid
arthritis (RA). In both of these disease conditions, the
dosage and administration route are very different
from those used in IBD; the extrapolation of results is
therefore not possible.
Herrlinger has carried out the only study to date
in patients with IBD. Patients with the 1298C allele of
the enzyme MTHFR are more susceptible to adverse
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Patient with AZA
or 6-MP with no
response

6-TG ≥ 400
6-MeMp ≥ 5700

6-TG ≥ 400
6-MeMp ≤ 5700

6-TG ≤ 240
6-MeMp ≤ 5700

6-TG ≤ 240
6-MeMp ≥ 5700

Alternative therapies

Alternative therapies

No adherence or
suboptimal (in
crease doses)

Reduced doses
to 33% and add
allopurinol

Figure 2 Algorithm of treatment for non responders to thiopurine drugs. AZA: Azathioprine; 6-MP: 6-mercaptopurine; 6-TG: 6-thioguanine; 6-MeMp: 6-methyl
mercaptopurine.

effects, although these data are in contrast with those
[52]
recorded for other diseases .

Perhaps, in the near future, information regarding
the genotype of TNF‑α and its receptor may help us to
identify non‑responders to anti‑TNF‑α therapy.

Anti TNF‑α drugs

Infliximab (IFX) is a chimeric IgG1 monoclonal
antibody (Ab) targeted to TNF‑α. It is used for in
duction and maintenance in patients with moderate
to severe flare‑ups of IBD. IFX is very useful and has
been shown to produce mucosal healing and to reduce
the number of flare‑ups, hospital admissions, and
surgeries. A number of clinical factors indicative of a
good response have been described, such as the start
of patient treatment at a young age, colonic location
of the disease, and associated immunosuppressor
therapy. It seems that a shorter duration of the
disease, non‑smoking, and elevated C‑reactive
protein levels at the start of therapy also favor a good
[53,54]
response
. Even so, 25% of all patients are primary
non‑responders, and 20%-30% lose responsiveness
over time (secondary non‑responders). Most of these
latter cases are a consequence of the production of
[11-13]
antibodies against IFX
. Furthermore, the drug is
expensive and has potentially serious side effects.
Table 3 summarizes the genetic studies on treatment
of IBD with IFX. Studies have been carried out on
genes that encode TNF‑α, the TNF‑α receptor, genes
regulating the expression of TNF‑α (NOD2/CARD2),
apoptotic mechanisms, and other proinflammatory
cytokines. To date, it has not been possible to
demonstrate an association between drug response
and a specific gene. There are two main issues: on
the one hand, many studies failed to reach statistically
significant results because of the small number of
patients involved, and on the other hand, the studies
are not always comparable, since different response
criteria were used (C‑reactive protein, CDAI score,
Harvey‑Bradshaw index), patients with different
degrees of disease activity were included, and different
doses were administered.
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PHARMACOKINETICS
Understanding the pharmacokinetics of a drug is
very important when adjusting the dose required to
guarantee therapeutic concentrations, since many
factors influence drug concentration in blood. In
clinical practice, the determination of blood drug
levels has been used to monitor treatments with drug
substances that have a narrow therapeutic margin or
window. In IBD, such monitoring has been applied to
cyclosporine A and tacrolimus; and in recent years, it
has become particularly important in the management
of anti‑TNF‑α drugs.
Differences in the administration route, degra
dation, and clearance of anti‑TNF‑α determine its
concentration in blood and, in turn, its treatment
response. In this regard, achieving adequate blood
drug levels is correlated with clinical and endoscopic
[71,72]
remission of the disease
. When the anti‑TNF‑α
drug is administered intravenously (e.g., IFX), the
maximum blood drug concentration is reached imme
diately after infusion, with little variability among
patients. However, when the anti‑TNF‑α drug is
administered subcutaneously (e.g., antidrug antibodies
(ADAs), golimumab, and certolizumab), the maximum
concentration is reached after approximately 10 days,
[73,74]
and the bioavailability ranges between 50%-100%
.
The clearance of anti‑TNF‑α drugs from blood is
complex and multifactorial. Variables that increase drug
clearance include those that depend upon or reflect the
severity of the disease (hypoalbuminemia, decreased
hemoglobin levels, C‑reactive protein elevation, TNF‑α,
leukocytosis, and increased IFX intestinal losses),
demographic parameters (increased body mass, male
gender, and age under 40 years) and immunogenicity
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Table 3 Genetic association studies of infliximab response in inflammatory bowel disease patients
Study (year)
Taylor et al[55] (2001)

Patients Response
recruited criteria

Genes investigated

Conclusion
Homozygosity for the LTA
1-1-1-1 haplotype may identify subgroups with poorer response
No association with treatment outcome
196Arg homozygotes had poorer clinical response than 196Met
heterozygotes and homozygotes (P = 0.036)
No predictive treatment outcome
A strong relation to susceptibility to CD but not association with
treatment outcome
Not predictive of treatment outcome
Biological response to infliximab was lower in patients carrying
TNFR1-36G
28% of G allele heterozygotes and homozygotes responded
compared to 73% of A allele homozygotes (P = 0.04)
5% of patients with AT haplotype responded compared to 20%-40%
of patients with other haplotypes (P = 0.01)
Positive (V/V genotype) association with good treatment outcome
Polymorphims TT is associated with negative response
Positive association
Negative association (stadistical model)
Polymorphims evaluated are not associated with treatment outcome
No association
Minor allele homozygotes for each SNP associated with clinical
response (P < 0.002)
Homozygous carriers of IBD
risk-increasing IL-23R variants more likely to respond to infliximab than
homozygous carriers of IBD risk-decreasing IL-23R variants (P = 0.001)
Six known susceptibility loci
associated with primary nonresponse
(P < 0.05). Only the 21q22.2/BRWDI
loci remained significant in the
predictive model

75

CDAI

Louis et al[56] (2002)
Mascheretti et al[57] (2002)

226
90
444

CDAI
CDAI

Polymorphims TNF/LTA
region
TNFA
TNF and TNFR polymorphism

Mascheretti et al[58] (2002)

534

CDAI

CARD15/NOD2

Vermeire et al[59] (2002)
Pierik et al[60] (2004)

245
166

CDAI
CDAI

CARD15/NOD2
TNF/TNFR

80

HBI

TNFRSF1A
TNFRSF1B

200
40
287
287
189
214
186

CDAI
CDAI
CDAI
CDAI
CRP
CDAI
CDAI
and CRP
CAI

FcγRIIIa
IBD5(5q31)
FASL/CASP9
FASL
CRP
TNF/LTA region
ADAM17

HBI and
Partial
Mayo
score

rs2241880 2q37/
ATG16L1
rs2188962
5q31
rs6908425 6p22/
CDKAL1
rs762421 21q22/
ICOSLG
rs2395185 6p21/
HLA-DAQ1
rs2836878 21q22/
BRWD1

Matsukura et al[61] (2008)

Louis et al[62] (2004)
Urcelay et al[63] (2005)
Hlavaty et al[64] (2005)
Hlavaty et al[65] (2007)
Willot et al[66] (2006)
Dideberg et al[67] (2006)
Dideberg et al[68] (2006)
Jürgens et al[69] (2010)

90

Dubinsky et al[70] (2010)

94

IL-23R
IL-2/IL-21

Aailable from: URL: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4419078/.

[75]

(the development of antibodies against the drug) .
The concomitant use of immunosuppressors (TP drugs
and MTX) is associated with decreased immunogenicity
and increased anti‑TNF‑α drug levels.
Up to 40% of all patients that respond to anti‑TNF‑α
drug treatment will require one or more dose adjust
ments in order to maintain treatment efficacy. After
1 year of treatment, efficacy is maintained in only
[76]
one‑third of all responders .
The need for dose adjustment of these drugs may
occur at two time points during treatment: at the start
(primary failure) or during the maintenance phase
(secondary failure).
Primary failure, or a primary lack of response, refers
to the absence of improvement in signs and symptoms
of the disease that leads to treatment suspension
[77]
during the induction phase . The time point at which
this primary lack of response is assessed varies among
different studies. In patients treated with IFX, as in the
[78]
ACCENTⅠtrial , assessment was made 2 wk after the
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first IFX infusion. In contrast, assessment in the ACCENT
[79]
Ⅱ trial was made 10‑14 wk after induction . In studies
including patients treated with ADA, the response was
[80]
assessed in week 4 in the CLASSIC Ⅰ trial
and in
[81]
week 6 in the CLASIC Ⅱ trial . Among the different
published studies, the lack of primary response to
treatment rate with anti‑TNF‑α drugs varied from
10%-40% and was found to be higher in UC than
in CD. Lack of response was noted particularly in
severe presentations of UC. This observation could be
explained by increased drug clearance as a result of a
[77]
greater inflammatory intestinal surface .
Secondary failure, or secondary lack of response, is
defined as failure occurring in the course of treatment
in those patients that have responded to induction
therapy and is observed in approximately 13% of the
[82]
patients treated with IFX
and in 10%-24% of those
[83]
treated with ADA . Failure is more frequent in the
first year of therapy.
Table 4 and Table 5 describe the risk factors asso
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Table 4 Risk factors associated to primary failure
Crohn's disease
Duration of the disease > 2 yr
Smoking
Extensive small bowel involvement
Low C‑reactive protein levels

Ulcerative colitis
Old age
Anti‑neutrophil cytoplasmic
(ANC) antibodies
Negative antibodies against
Saccharomyces cerevisiae
Previous exposure to
anti‑TNF‑α drugs

Genetic mutations or polymorphisms of
the apoptosis and caspase 6 genes and
locus IBD 5
IBD: Inflammatory bowel disease.

Table 5 Risk factors associated to secondary failure or loss of
response
Individual differences in bioavailability and pharmacokinetics
Symptoms not due to inflammatory bowel disease
Lack of adherence to therapy
Drug loss in stools
Intermittent treatments
Non‑inflammatory symptoms
Structuring disease pattern
Smoking
Development of antibodies

[11,84]

ciated with primary and secondary failure
.
In secondary failure, the most widely investigated
factor is the development of ADAs. When a loss of
treatment response occurs and once the possible
existence of intercurrent processes and lack of ad
herence to therapy have been discarded, the patient
requires dose adjustment or a switch to some other
molecule. In this context, it is very useful to know
the blood drug levels and whether or not ADAs have
developed.
The development of ADAs is conditioned by
the patient immune condition and is much more
common in intermittent treatments (over 60% of the
cases) than in maintenance therapy (10%-20%).
Furthermore, those patients who have developed ADAs
and remain without treatment for extended periods
[85]
exhibit slow clearance of these antibodies .
Many studies have been carried out to determine
when and how antibody titers should be measured in
order to perform the necessary adjustments and to
define the interval during which therapeutic blood drug
levels are present. In routine clinical practice, if this
is not possible, dose adjustment is made empirically,
shortening the interval between doses or switching to
another molecule when loss of response occurs or an
immune‑mediated reaction is observed. Three different
methods can be used to measure drug levels.
The most widely used option is the enzyme linked
immunosorbent assay (ELISA), which can also be used
to determine ADA titers. This technique requires the
anti‑TNF‑α drug to be undetectable in blood, since it
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binds to the antibodies and forms immune complexes
that are not detected.
Radioimmunoassay (RIA) is similar to ELISA,
although its use is limited since it involves the use of
a radioactive reagent. Furthermore, as for ELISAs,
it cannot detect the presence of ADAs if there are
detectable drug levels present in blood.
Another method for determining the drug and
antibody is variable mobility testing, which allows for
the detection of ADAs (against IFX and ADA) in the
presence of drug in blood.
The determination of anti‑TNF‑α drug levels is
performed immediately before administration of the
next dose. ADAs are only detected when the drug
levels are undetectable, since the most widely used
technique in clinical practice is the ELISA.
Different studies have correlated the development
of ADAs with an increased risk of infusion reactions
[86]
and increased drug clearance from blood . However,
not all studies have established correlations to loss
of response. In this regard, a systematic review
[87]
published by Chaparro et al
found no differences
between maintenance or loss of response according to
whether ADAs develop or not, while the meta-analysis
[88]
conducted by Nanda et al
found that patients who
develop ADAs have a 3‑fold greater risk of loss of
treatment response than patients who do not develop
such antibodies.
Although there is great variability among studies
in defining the minimum effective concentration of
anti‑TNF‑α drugs, the determination of drug levels has
been correlated with improved disease control and to
clinical and endoscopic remission. This is important
[71]
in designing treatment algorithms . To date, the
management approach in clinical practice depends on
the drug values and on the presence or absence of
ADAs (Table 6).
Current studies are evaluating the role of routine
anti‑TNF‑α drug level measurements in blood during
therapy, as is done with other drug substances, in
[86]
order to facilitate better dose adjustment . However,
the different studies propose different cutoff values
when defining the therapeutic range. Therefore,
studies are needed to determine the adequate thera
peutic interval or window.

FUTURE TREATMENTS
The biological drugs currently authorized for the
treatment of IBD are monoclonal antibodies targeted
to TNF‑α (IFX, ADA, certolizumab, and golimumab)
and monoclonal antibodies targeted to the leukocyte
integrins (natalizumab, approved by the United States
Food and Drug Administration (FDA) for refractory CD;
and vedolizumab, approved by the European Medicines
Agency (EMA) and the FDA).
A number of lines of research have been developed
with the aim of blocking the inflammatory process at
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Table 6 Treatment algorithm according to antidrug antibodies
and drug levels
Anti‑TNF‑α drug levels
Low
Low
High

Antibodies

Action

Negative
Positive
Not determined

Increase dose
Switch drug
Switch to a drug with a
different mechanism of action

different levels. In the coming years, new drugs will
be introduced that will contribute to the expansion of
therapeutic options.
The drug options that are presently in the most
advanced stages of development are described below.

Interleukins

Interleukins (ILs) are soluble inflammatory response
messenger (signaling) molecules. Their role in IBD has
been clearly established, and research in this field has
[89]
been particularly wide‑ranging and advanced .
Anti‑IL‑12/23 drugs: Ustekinumab is the drug
with the most advanced results available to date.
Ustekinumab is a fully humanized IgG1κ anti‑IL‑12/23
monoclonal antibody. It specifically binds to the p40
protein subunit shared by both of the mentioned
ILs. Binding prevents the mentioned subunit from
interacting with the IL‑12Rβ1 receptor protein, which
is expressed on the surface of immune cells ‑ thereby
inhibiting innate and adaptive immune response
stimulation. In an inflammatory environment, naïve
CD4+ T cells are induced to interferon (IFN)‑γ
producing Th1 cells by the action of IL‑12 and to Th17
cells by the action of IL‑23. The Th17 cells, in turn,
are responsible for the production of proinflammatory
[90,91]
cytokines, such as IL‑17, IL‑17F, IL‑6, and TNF‑α
.
Blocking this pathway has been successfully employed
[92,93]
in animal models
, and both ILs play a key role in
[91,94,95]
the inflammatory processes of CD
.
The results of a first double‑blind and placebo
(PB)‑controlled phase Ⅱ clinical trial were published
[96]
in 2008 . This study had a complicated design that
included two patient populations. In population 1, the
results at the primary endpoint were discouraging,
with a clinical response rate in week 8 of 49% in the
group of patients treated with ustekinumab vs 40%
in the PB group (p = 0.34). However, in a subgroup
of 49 patients previously treated with IFX, statistical
significance vs PB was reached, with a response
rate of 59% and 26%, respectively (p = 0.05),
in week 8. In population 2, the clinical response
rate with ustekinumab in week 8 was 43% in the
subcutaneous treatment group and 54% in the
intravenous treatment group. Failure of the study to
confirm the primary endpoint was attributed to the
high percentage response observed in the PB group.
No serious adverse events were detected in week
8, and the recorded problems were similar to those
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seen in the PB group. Overall, the final conclusion was
favorable regarding the capacity of the active drug to
elicit a clinical response in the induction phase.
[97]
The CERTIFI trial was published in 2012 . This
was a randomized, double‑blind, PB‑controlled phase
Ⅱa study on the efficacy of ustekinumab in patients
with moderate to severe CD refractory to IFX. A
total of 526 patients resistant to treatment (50% of
the subjects having received at least two anti‑TNF‑α
drugs) were randomized to three intravenous induction
treatment arms (1, 3, or 6 mg/kg of ustekinumab) and
a PB arm. The 145 patients responding to ustekinumab
in week 6 were randomized to subcutaneous main
tenance therapy in weeks 8 and 16 with PB vs
ustekinumab 90 mg. The primary endpoint was the
clinical response rate in week 6, where the recorded
percentages were 36.6%, 34.1%, and 39.7% (1, 3,
or 6 mg/kg of ustekinumab) vs 23.5% in the PB arm.
Only the 6 mg dose reached statistical significance vs
PB. In the maintenance phase, 41.7% of the patients
treated with ustekinumab showed clinical remission
vs 27.4% of the patients in the PB arm (p = 0.03),
and the clinical response rate was 69.5% vs 42.5%,
respectively (p < 0.001). The safety profile was found
to be similar to that of other biological drugs.
The publication of the results of three phase Ⅲ
clinical trials is currently pending. The first of these
[98]
is a randomized, double‑blind
studies (UNITI‑1)
trial designed to evaluate the efficacy and safety of
induction with ustekinumab in patients with moderate
to severe CD who have failed or are intolerant to
anti‑TNF‑α therapy. The primary endpoint is clinical
response in week 6, while the secondary endpoints
are remission and clinical response in week 8. A total
of 769 patients have been randomized to three arms:
(1) intravenous PB; (2) intravenous ustekinumab 130;
and (3) intravenous ustekinumab 6 mg/kg as a single
dose. The study ended in July 2013. The second study
[99]
(UNITI‑2) has the same design as the first, although
the included patients are naïve to biological drugs and
show failure or intolerance to immunosuppressors or
corticosteroids. This study ended in October 2014 and
[100]
includes a total of 642 patients. Lastly, the IM‑UNITI
trial is also a randomized, double‑blind, PB‑controlled,
parallel group multicenter study. This trial was designed
to determine efficacy in the maintenance phase of CD
and is currently in the recruitment stage. The study
plans to include 1310 patients from the two previously
mentioned trials, with conclusion in November 2018.
There are two other anti‑IL-12/23 molecules:
briakinumab (ABT‑874), which targets the p40 sub
unit, and apilimod mesylate, which is a small molecule
administered via the oral route that inhibits the
transcription of IL‑12 and IL‑23. The initial results with
[101,102]
both molecules have not been significant
.
Anti‑IL‑6 drugs: Interleukin‑6 is a proinflammatory
cytokine produced by different types of cells. It
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participates in a series of processes including
T lymphocyte activation and immunoglobulin
secretion through the differentiation of B cells into
[103,104]
plasma cells
. Interleukin‑6 exerts its action
[105]
via membrane or soluble receptors
. In healthy
individuals, the IL‑6 levels are low and increase in
[103]
the context of immune processes
. This cytokine
is increased in CD in the same way as its soluble
receptor, and its levels are correlated with the
[106,107]
C‑reactive protein concentrations
.
Tocilizumab is an IgG1 monoclonal antibody in
dicated in RA. It binds specifically to the soluble
and membrane receptors of IL‑6. In one study, 36
patients with active CD were randomly assigned to
two treatment arms (intravenous 8 mg/kg every 2
[108]
wk or every 4 wk) or PB
. The clinical response
rate in the group administered tocilizumab every
2 wk was 80% vs 31% in the PB arm, although
only 20% achieved clinical remission. The drug was
well tolerated, although studies in RA have shown
neutropenia, altered liver biochemical parameters,
and hyperlipidemia. In this regard, dyslipidemia might
[109]
prove to be a safety problem of the drug long term .
Two phase Ⅱ studies involving two monoclonal
antibodies (BMS‑945429, formerly ALD518, and
PF‑04236921) targeted to IL‑6 are currently ongoing.
No results are yet available, since patient recruitment
[110,111]
has ended only recently
.
Other anti‑interleukin drugs: Interleukin‑2 is
another molecule that plays a key role in T cell
activation and proliferation.
Basiliximab and daclizumab are monoclonal anti
bodies targeted to CD25, which is the alpha‑chain
of the IL‑2 receptor. Both drugs are used for the
prevention of renal graft rejection. Initial studies with
basiliximab documented clinical remission in eight
out of 10 patients with UC refractory to corticosteroid
[112]
therapy
, and a later study recorded a remission
[113]
rate of up to 65%, without a control group though .
In the case of daclizumab, a comparative study vs PB
[114]
failed to demonstrate positive efficacy results .
IL‑13 is produced by naive T cells and activates
natural killer (NK) cells, which in turn synthesize
IL‑13. IL‑13 has been shown to play a key role in the
[115,116]
pathogenesis of UC
.
Two phase Ⅱ trials (IMA‑648 [arunkinzumab]
and CAT‑345 [tralokinumab]) published in 2014
[117,118]
randomized the patients to the antibody
at
different doses (in the case of the first study) or
PB. Neither study recorded differences in terms of
treatment response or clinical remission. Both studies
documented a tendency towards lower activity index
scores, and the safety profile was favorable. A third
phase Ⅱ study in patients with perianal CD has been
designed to evaluate the efficacy and safety of another
antibody targeted to IL‑13 (QAX576) vs IFX for
[119]
comparison . Ten patients have been included, and
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results from the trial are pending after the end of the
recruitment phase.
Vidofludimus is an immunosuppressor that inhibits
the release of IL‑17 and IFN‑γ [by interfering with
the janus kinase/signal transducer and activator
of transcription (JAK/STAT) pathway and nuclear
factor kappa B (NF‑κB)], which blocks the enzyme
dihydroorotate dehydrogenase (DHODH). This is a
small molecule administered via the oral route. The
results of the ENTRANCE study, a non‑controlled
[120]
multicenter trial, were published in 2013 . This study
evaluated 34 patients with corticosteroid‑dependent
IBD (CD and UC) treated with vidofludimus 35 mg/d
orally administered (per os, po) over 12 wk. The
primary endpoint was clinical remission without
corticosteroids in week 12, and this was reached
by 56% of the patients with CD and 50% of those
with UC. The drug was well tolerated, and no serious
adverse events were reported ‑ although additional
studies with larger patient series are needed to confirm
this finding.
Other targets currently under investigation are
antibodies against IL‑17 (AMG 827), although the
study that has been closed because of worsening of
[121]
)[122]
patient symptoms
, IL‑18 (GSK1070806
, and
[123]
IL‑21(PF‑05230900)
. These interleukins had been
[124-126]
implicated previously in the pathogenesis of IBD
.
Anti-inflammatory interleukins: Lastly, studies
have been performed to evaluate the efficacy of the
anti-inflammatory interleukins IL‑10, IL‑11, and IFN‑β.
[127-131]
The results to date have not been encouraging
.

Chemokine antagonists

Chemokines are small cytokines that induce chemo
taxis by interacting with the chemokine transmem
[132,133]
brane receptors bound to protein G
. Their ligand
is CCL25, which in the intestine is fundamentally
[134]
expressed by the luminal epithelial cells
. In IBD,
and especially in CD, high levels of CCL25 and of T
[135]
lymphocytes expressing CCR9 have been detected .
Vercirnon: CCX‑282B (vercirnon) is a molecule
administered via the oral route that acts as a CCR9
receptor antagonist and has been suggested to reduce
[136]
lymphocyte trafficking towards the intestine
. The
data derived from the PROTECT‑1 multicenter trial
[137]
were published in 2013
. This was a double‑blind
multicenter study randomizing 436 patients with CD
to three vercirnon treatment groups (250 mg/d po,
250 mg twice daily po, 500 mg/d po) vs PB over an
induction phase lasting 12 wk. Subsequently, in the
case of clinical response, the patients were again
randomized to vercirnon (250 mg twice daily po) vs
PB until week 36. The results were not statistically
significant, although in week 8 a tendency towards
greater efficacy, in terms of clinical response, was
observed in the group administered 500 mg/d vs PB
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(49% vs 60% with odds ratio (OR) = 1.53, p = 0.111).
In week 52, significance was reached in terms of the
percentage of patients in remission (47% vs 31% with
OR = 2.01, p = 0.12). The safety profile was found
to be favorable, with similar serious and non‑serious
adverse events rates in both groups.
BMS‑936557: Regarding UC, a parallel line of
research is based on IFN-γ‑induced protein 10 (IP‑10,
also known as CXCL10). This protein is secreted
by monocytes, endothelial cells, and fibroblasts in
[138]
. This protein is
response to stimulation by IFN‑γ
implicated in chemotaxis and interaction phenomena
[139]
with T cells through the CXCR3 receptor . Inhibition
of this pathway could incline the Th1 response towards
[140]
a Th2 response
. In patients with UC, CXCL10
[141]
,
is over‑expressed in plasma and colon tissue
and in animal studies it has shown a reasonable
efficacy profile warranting the start of evaluations in
[142]
humans . BMS‑936557 (MDX‑1100) is a monoclonal
antibody targeted to protein IP‑10. Its safety profile
[143]
has been evaluated in phase Ⅰ studies
, and based
[144]
on the evidence obtained in patients with RA
, a
specific double‑blind multicenter trial on active UC
[145]
has been started
. This phase Ⅱ trial randomized
109 patients to PB or four doses of intravenous 10
mg/kg BMS‑936557 every 2 wk. The primary endpoint
(clinical response on day 57) was better among the
patients that had received the antibody, although
statistical significance was not reached (52.7% vs
35.2%, p = 0.083). Nevertheless, the results were
statistically significant in the group of subjects with the
highest titers in blood (87.5% vs 37%, p < 0.001).
The number of infections was greater in the active
treatment group (12.7%) compared with PB (5.8%),
and drug suspension because of adverse events
was necessary in 3.6% of cases. At present, we are
awaiting the publication of the results of two other
phase Ⅱ trials randomizing patients to different doses
of the molecule vs PB in application to moderate or
[146]
[147]
severe CD
or UC .
Other chemokine antagonists: There are other
lines of research involving chemokines in autoimmune
diseases, such as the binding of CXCL10 to its CXC3
[148]
receptor
, which has been shown to be reduced
in patients with CD, in parallel to reduction in the
[149]
C‑reactive protein levels . On the other hand, it has
been reported that patients with UC show serum and
tissues elevations of exotaxin‑1, a chemokine that acts
by recruiting eosinophils at the intestinal level.
Bertilizumab is a humanized IgG4 monoclonal
[150]
antibody that blocks exotaxin‑1 activity . A phase Ⅱ
study involving 42 patients with moderate or severe
UC is planned, with the aim of assessing the efficacy
[151]
and safety of the drug .

Endogenous anti‑TNF: TNF‑kinoid

Another line of investigation involves the generation
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of anti‑TNF‑α polyclonal antibodies through active
immunotherapy. This strategy is based on the use
of a TNF‑α derivative as a vaccine. The compound is
known as TNK‑kinoid (TNF‑K), and while biologically
inactive, it can interrupt B cell tolerance of their own
cytokines, resulting in the production of high titers of
[152]
antibodies . A first phase Ⅰ/Ⅱ study was presented
[153]
at Digestive Disease Week in 2011
, involving 21
patients with moderate to severe CD assigned to
different doses on an open‑label basis. The safety
profile was found to be favorable, with no serious
adverse events, and antibodies were generated in
81% of the cases. Clinical remission in week 12 was
achieved by 50% of the patients. The results of a
second randomized phase Ⅱ study were published in
2012, involving patients with moderate to severe CD
and loss of response or with intolerance to conventional
anti‑TNF‑α drug therapy. The trial included 68 patients
randomized vs PB into two cross‑over treatment arms
with intramuscular doses of 180 μg on days 0, 7, 28,
84, 91, and 112, with switching of the active drug to
PB in the fifth dose and of PB to the active drug in the
third dose in the control group. The safety data were
again favorable in this case, with only one serious
adverse event related to worsening of CD, although
[154]
the efficacy results were not reported .

Janus kinase antagonists

The Janus kinases (JAKs) are a group of proteins
corresponding to enzymes associated to cytokine
receptors. They form part of a complex system of
signal transmission from outside the cell towards the
nucleus, activating transcription of the genes that
intervene in important cell processes, such as growth,
differentiation, proliferation, or migration. The process
begins when the membrane receptor is stimulated by
a chemical messenger, e.g., a cytokine. This receptor
activates JAK, which undergoes auto‑phosphorylation
and, in turn, phosphorylates the STAT protein. The
latter protein then binds to another phosphorylated
STAT protein (i.e., it undergoes dimerization) and
is translocated to the cell nucleus where DNA trans
cription factors are activated. This system, known as
[155]
the JAK/STAT system
, has been implicated in the
[156,157]
pathogenesis of different diseases
, including
[158]
specifically IBD .
Tofacitinib: This is a small molecule administered
via the oral route that selectively inhibits JAK1 and
JAK3, affecting the signaling pathways of cytokines
[159,160]
such as IL‑2, 4, 7, 9, 15, and 21
. Blocking
these pathways could suppress the activation and
proliferation of lymphocytes while maintaining T cell
[161,162]
regulatory function
. In 2002, the United States
FDA approved the drug for the treatment of RA. In
the case of IBD, the initial data are not encouraging
in reference to CD regarding disease response or
remission ‑ although the drug is associated to a
significant decrease in biomarkers (C‑reactive protein

11292

October 28, 2015|Volume 21|Issue 40|

Gómez-Gómez GJ et al . Current directions in IBD
[162]

and calprotectin)
. In reference to UC, the results
of a randomized, double‑blind phase Ⅱ trial involving
four treatment doses (0.5, 3, 10, or 15 mg/d po)
or PB in 194 patients with moderate to severe UC
[163]
were published
. The primary endpoint was clinical
response in week 8. In the high dose groups (10 and
15 mg, respectively), the clinical response was greater
than in the PB series ‑ statistical significance being
reached with the 15 mg dose (61% and 78% vs 42%,
p = 0.10 and p < 0.001). Clinical remission reached
statistical significance vs PB with both doses (48% and
41% vs 10%, p < 0.001). A subsequent sub‑analysis
[164]
demonstrated improvement in patient quality of life .
Further studies involving larger patient samples are
needed to confirm the efficacy and safety of the drug.
Inhibition of IL‑13: In this line of research, studies
have been performed on the inhibition of the mentioned
pathway with monoclonal antibodies targeted to
IL‑13, which is responsible for activating the JAK/STAT
[165]
pathway
. The studies are cited in the section on
interleukin antagonist drugs.

Anti-adhesion molecules

Adhesion molecules constitute one of the most
advanced lines of research in IBD. Adhesion molecules
are transmembrane receptors with three domains
(intracellular, transmembrane, and extracellular)
that induce cellular changes following stimulation
by external molecules. These molecules include the
integrins and lymphocyte homing receptors.
Natalizumab: The first anti-adhesion drug investigated
was natalizumab, and it consists of an IgG4 monoclonal
antibody targeted to integrin subunit α4. Natalizumab
[166,167]
initially showed favorable results in CD
, although
the risk of progressive multifocal leukoencephalopathy
(PML) secondary to reactivation of the JC virus has
[168,169]
limited its use
. Natalizumab acts by blocking the
interaction of α4β7 with mucosal vascular addressin cell
adhesion molecule‑1 (MadCAM‑1) and the interaction of
α4β1 with vascular cell adhesion molecule‑1 (VCAM‑1),
which is critical to lymphocyte trafficking towards the
central nervous system ‑ thereby giving rise to the risk
[170]
of JC virus reactivation .
Vedolizumab: Vedolizumab is another IgG1 monoclonal
antibody that binds to integrin α4β7, preventing it from
binding to its specific intestinal ligand, MadCAM‑1. As
a result, T lymphocyte migration towards the inflamed
intestinal areas is inhibited. In contrast to natalizumab,
it does not bind to integrins α4β1 and αEβ7 and does
not antagonize the interaction of integrin α4 with
VCAM‑1. At present, and based on the results of
[171,172]
clinical trials
, vedolizumab has been approved
by both the FDA and the EMA for the treatment of
patients with moderate to severe CD or UC who fail
to respond to conventional treatment or therapy with
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anti‑TNF‑α drugs.
AMG 181: AMG81 is another humanized IgG2 mono
[173]
clonal antibody likewise targeted to integrin α4β7
.
Early‑stage studies warrant the safety, pharma
cological, and tolerability profile of the drug. AMG 181
is currently being investigated in the context of two
randomized, PB‑controlled trials in application to both
[174]
[175]
CD
and UC
. More evidence will be obtained in
the coming years.
AJM300: AJM300 is a small molecule administered
via the oral route that inhibits the α4 receptor. It
is known to inhibit the binding of integrin α4β1/
α4β7 ‑ expressing cells to VCAM‑1/MAdCAM‑1 and
has efficacy in the prevention of colitis in animal
[176]
studies
. The results of a double‑blind multicenter
[177]
phase Ⅱa trial were published in 2012 . The study
involved the randomization of 102 patients with activemoderate UC to receive AJM 300 at a dose of 960 mg
or PB three times daily for 8 wk. The primary endpoint
was the clinical response rate in week 8, which was
found to be 62.7% vs 25.5% in the AJM300 group and
PB group, respectively (OR = 5.35; p = 0.0002). The
secondary endpoints (clinical remission and mucosal
healing in week 8) were also favorable to the study
molecule (23.5% vs 3.9% with OR = 7.81; p = 0.0099
and 58.8% vs 29.4% with OR = 4.65; p = 0.0014).
No serious adverse events (progressive multifocal
leukoencephalopathy) were documented over the
short term.
Etrolizumab: Etrolizumab is a humanized monoclonal
antibody targeted to the B7 subunit present in
integrins α4β7 and αEβ7. The results of a double‑blind
[178]
multicenter phase Ⅱ trial were published in 2013 .
The study involved the randomization of 124 patients
with refractory moderate to severe UC to etrolizumab
in two treatment arms (subcutaneous 100 mg monthly
or subcutaneous 300 mg monthly plus a loading dose
of subcutaneous 420 mg between weeks 0 and 2) or
PB. The primary endpoint was the clinical remission
rate in week 10, with significant results in both active
treatment arms vs PB (20.5% and 10.3% vs 0%, p
= 0.004 and p = 0.049). In the subgroup of patients
naïve to anti‑TNF‑α drug treatment, the differences
obtained with the 100 mg dose were even greater
(43.8% vs 0%, p = 0.007). The adverse event rates
were similar in all three groups.
MECA‑367 and PF‑00547,659: The pharmacological
properties of two monoclonal antibodies (MECA‑367
and PF‑00547,659) targeted to MAdCAM, with
inhibition of binding of the latter to integrin α4β7,
[179]
were presented in 2009
, but subsequent data
are only available for PF‑00547,659. In 2011, a
double‑blind study randomized 80 patients with
active UC to different single or multiple subcu
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taneous or intravenous doses of PF‑00547,659 vs PB.
Good efficacy vs PB was recorded, with endoscopic
improvement of the lesions, a good safety and tole
rability profile, and no immunogenicity. Results of the
[180]
TURANDOT trial were published this year
. This is
a double‑blind, PB‑controlled multicenter efficacy and
safety study in 357 patients with moderate to severe
UC randomized to PB or to doses of the antibody (7.5,
22.5, 75, or 225 mg every 4 wk for three doses). The
primary endpoint was the remission rate in week 12,
and the secondary endpoints were the response rate
and mucosal healing rate in week 12. Remission and
mucosal healing were significantly greater in the 22.5
mg and 75 mg dose groups vs PB, while response
was significantly greater for the 22.5 mg and 225 mg
groups vs PB. The safety profile remained favorable.

Other lines of research

Laquinimod: Laquinimod is a molecule administered
via the oral route, with great bioavailability and with
purported regulatory activity upon antigen‑presenting
[181,182]
cells (APCs) and T lymphocytes
. A phase Ⅱ trial
randomizing 180 patients to different doses of active
treatment vs PB reported that increasing dose was
inversely proportional to the percentage response or
[183]
remission
. Specifically, the lowest dose (0.5 mg)
elicited a clinical response in 55.2% of the patients
treated with the active drug vs in 31.7% of the
patients administered PB, with respective remission
rates of 48.3% vs 15.9% in week 8.
Masitinib: Gastrointestinal mast cells are usually
found beneath the epithelial surfaces and are able
to release cytokines, chemokines, prostaglandins,
histamine, and heparin. The proliferation of these cells
increases at intestinal mucosal and submucosal levels
[184,185]
in CD
. Masitinib is a selective tyrosine kinase
inhibitor that targets the c‑kit receptor (expressed by
mast cells), platelet‑derived growth factor receptor‑α/β,
lymphocyte‑specific kinase, Lck/Yes‑related protein,
fibroblast growth factor receptor 3, and the focal
[186]
adhesion kinase activation pathway . A phase Ⅱb/Ⅲ
phase trial with 450 CD patients is currently underway
[187]
with this molecule .
Visiluzimab, rituximab, and abatacept: Attempts
have been made to invert the natural inflammation
process in which T cell proliferation vs apoptosis is
observed. Visiluzimab (a humanized monoclonal
antibody against T cell receptor CD3) and rituximab (a
chimeric monoclonal antibody targeted to B cell receptor
CD20) were evaluated in IBD, where they were shown
[188-193]
to have an unfavorable safety profile
. Abatacept is
a recombinant protein that blocks T cell co‑stimulation
by the antigen‑presenting cells (APCs). Its use has been
approved for RA, although the results for IBD have been
[194,195]
discouraging
.
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Morgensen: Immunosuppressive cytokine transforming
growth factor (TGF)-β1 is a secreted cytokine with
known functions in growth, proliferation, differentiation,
and apoptosis. It has been linked to immune regulating
functions, depending on the cell upon which it acts
and the environment in which it is found. Diminished
TGF-β1 activity has been reported in CD. This is due
to the binding of an intracellular protein called SMAD
[196]
7 to the TGF-β1 receptor
. A molecule known as
Morgensen (GED301) was first described in 2001.
This is an antisense oligonucleotide that hybridizes
to the human SMAD7 messenger RNA (mRNA)
and facilitates RNase H-mediated RNA degradation
through a classic antisense mechanism. Its release is
pH‑dependent; accordingly, it is released in the ileum
[196]
and right colon
. Favorable safety results from a
phase Ⅰ study in 15 patients with CD were published in
[197]
2012 . Recently, a phase Ⅱ trial has evaluated 166
patients with active CD assigned to three active drug
[198]
treatment groups vs PB . The clinical remission rates
associated with the two highest drug doses were 55%
and 65% vs 10% for PB (p = 0.001), while the clinical
response rates were 58% and 72% vs 18% (p = 0.04).
The total and serious adverse event rates were similar,
with no reported neoplasms.
RPC1063 and GLPG0974: Lastly, the results of
two randomized, double‑blind, PB controlled trials
were presented at the European Crohn’s and Colitis
Organisation (ECCO) meeting in 2015 on two new
molecules: RPC1063 and GLPG0974.
RPC1063 is a molecule administered via the oral
route with selectivity for sphingosine 1‑phosphate
(S1P) 1 and 5 receptor modulator. The study included
197 patients with moderate or severe UC that were
administered 0.5 mg or 1 mg of the active drug vs PB,
[199]
once daily
. The primary endpoint (the proportion
of subjects in remission in week 8) reached statistical
significance in the highest dose group (16.4% vs
6.2%, p = 0.048). The adverse events profiles were
comparable between groups, with approximately 31%
of patients experiencing a treatment emergent adverse
event.
GLPG0974 is a selective free fatty acid receptor
antagonist. Binding of the fatty acids to their receptor
induces neutrophil activation and migration. The
results were assessed in 45 patients with mild to
moderate UC treated with GLPG0974 during 4 wk (200
[200]
mg/12 h po vs PB) . A decrease in calprotectin levels
and myeloperoxidase‑positive cells was recorded,
although there was no difference in terms of response,
clinical remission, or mucosal healing. The safety and
tolerability profile was favorable.
Stem cells: Different stem cell therapies have been
used in CD and UC. Stem cell therapy involves the use
of autologous hematopoietic stem cell transplantation
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Table 7 Treatment with herbal remedies
n

Producto

Comparador

Indicación

Remisión/response
herbal vs PB or drug (%)

Langmead
Ben-Arye
Khan
Sandborn
Fukunaga
Zhang
Tang
Gupta
Cheng

44
23
14
224
30
35
120
30
153

Aloe vera
Triticum aestivum
Bovine colostrum enema
HMPL-004
Xilei-san suppository
XIlei-san enema
HMPL-004
Boswellia serrata
Jian Pi Ling tablet

Induction remission CU
Induction remission CU
Induction remission CU
Induction remission CU
Induction remission CU
Induction remission CU
Induction remission CU
Induction remission CU
Induction remission CU

30 vs 7
91 vs 42

Wang

106

Kui Jie Quing enemas

Cheng

118

Yukui tang ablets

Fernández Bañares
Hanai
Greenfield

105
89
43

Plantago ovata sedes
Curcumin
Oenothera biennis

Omer
Krebs
Gerhardt
Ren
Holtmeier
Tao
Liao

40
20
102
20
108
45
39

Artemisia absinthium
Artemisia absinthium
Boswellia serrata extract
Tripterygium wilfordii
Boswellia serrata extract
Tripterygium wilfordii
Tripterygium wilfordii

Placebo
Placebo
Placebo
Placebo
Placebo
Enema dexametasona
Mesalazina
Sulfasalazina
Sulfasalazina
Placebo
Sulfasalazina
Prednisolona
Prednisolonoa
Neomicina
Vitamina B
Mesalazine
Placebo
Evening primrose oil and
olive oil
Placebo
Placebo
Mesalazine
Placebo
Placebo
Mesalazine
Sulphasalazine

Author

38/60 vs 25/40
46 vs 0
21 vs 16
70 vs 40
53 vs 28/19

Induction remission CU

72 vs 9

Induction remission CU

33 vs 17

Maintenance remission CU
Maintenance remission CU
Maintenance remission CU

60 vs 65
95 vs 79

Treatment and prevention recurrence EC
Treatment and prevention recurrence EC
Treatment and prevention recurrence EC
Treatment and prevention recurrence EC
Treatment and prevention recurrence EC
Treatment and prevention recurrence EC
Treatment and prevention recurrence EC

65 vs 0
80 vs 20
36 vs 31
60 vs 55
68 vs 61
94 vs 75

Adapted from Ng et al[203].

in CD, mesenchymal stem cells administered
systemically or locally in perianal fistulas, and other
cell treatments where experience is more limited,
such as regulatory T cells and dendritic cells. We refer
readers to two recent reviews carried out by our group
[201,202]
in this field
.
Herbal remedies: Studies have been made that
specifically compare treatment with herbal remedies
vs PB or even conventional therapy, although there
are discrepancies in the results due to the lack of
homogeneity among the different studies. The findings
in terms of safety are favorable, and the predictable
costs are lower than in the case of conventional
treatment. We recommend a recent systematic
review, which affords a more detailed analysis of
[203]
this subject
(Table 7). Among the different herbal
remedies employed, special mention must be made of
Andorgraphis paniculata extract, known as HMPL‑004,
which has been found to reduce TNF, IL‑1β, IFN‑γ, and
[204]
IL‑22 in the development of experimental colitis .
Fecal transplant: Fecal transplant is a therapeutic
alternative in gastrointestinal processes, such as
Clostridium difficile-infection, metabolic syndrome,
constipation, pouchitis, irritable bowel syndrome, and
[205]
IBD . In IBD, effectiveness appears to be related to
[206]
the stability of the colonization of donated bacteria .
The experience in CD is limited to six patients in
[207,208]
total
. In UC, there are data available for up to
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[206,208-212]

106 patients
. The study with more patients
included 62 cases with UC, finding clinical improvement
in 92% and clinical remission in 68%. In the remaining
studies, the results have not been as favorable as
the aforementioned studies, with clinical remission
ranging from 0% to 30% and clinical response from
0% to 70%. The relatively small number of patients
evaluated so far does not allow for the establishment
of firm conclusions, but it stresses the importance of
the microbiota in the pathogenesis of IBD.

CONCLUSION
At present there are a large number of ongoing
studies in various stages of research on new molecules
for the treatment of IBD. An analysis of mucosal
healing is needed in order to evaluate fully the impact
of these therapies. In this way, it is expected to
change the course of treating IBD. Among the different
alternatives, anti-adhesion molecules and interleukin
drugs are promising anti-TNF-α treatments.
With developments in the near future in pharma
cogenetics, clinical pharmacology, the use of indices
that try to classify patients by defining profiles of
severity, and new drug molecules, personalized tailoring
of treatment strategies will be possible for IBD.
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Abstract
Inflammatory bowel disease (IBD) is the result of a
combination of environmental, genetic and immunologic
factors that trigger an uncontrolled immune response
within the intestine, which results in inflammation
among genetically predisposed individuals. Several
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studies have reported that the prevalence of classic
cardiovascular risk factors is lower among subjects with
IBD than in the general population, including obesity,
dyslipidaemia, diabetes and hypertension. Therefore,
given the risk profile of IBD subjects, the expected
cardiovascular morbidity and mortality should be
lower in these patients than in the general population.
However, this is not the case because the standardized
mortality ratio is not reduced and the risk of coronary
heart disease is increased in patients with IBD. It
is reasonable to hypothesize that other factors not
considered in the classical stratification of cardiovascular
risk may be involved in these subjects. Therefore,
IBD may be a useful model with which to evaluate
the effects of chronic low-grade inflammation in the
development of cardiovascular diseases. Arterial stiffness
is both a marker of subclinical target organ damage and
a cardiovascular risk factor. In diseases characterized by
chronic systemic inflammation, there is evidence that
the inflammation affects arterial properties and induces
both endothelial dysfunction and arterial stiffening. It
has been reported that decreasing inflammation via
anti tumor necrosis factor alpha therapy decreases
arterial stiffness and restores endothelial function in
patients with chronic inflammatory disorders. Consistent
with these results, several recent studies have been
conducted to determine whether arterial properties
are altered among patients with IBD. In this review,
we discuss the evidence pertaining to arterial structure
and function and present the available data regarding
arterial stiffness and endothelial function in patients
with IBD.
Key words: Arterial stiffness; Ulcerative colitis; Pulse
wave velocity; Crohn’s disease; Inflammation; Tumour
necrosis factor alpha
© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: The prevalence of classic cardiovascular risk
factors, including obesity, dyslipidaemia, diabetes
and hypertension, is lower among patients with
inflammatory bowel disease (IBD) than in the general
population. However, the risk of coronary heart disease
is increased in IBD patients. Chronic inflammation may
explain the difference between expected and observed
cardiovascular risk. Arterial stiffness, a marker of
subclinical target organ damage and a cardiovascular
risk factor, is increased in chronic inflammatory
disorders. In this review, we discuss the evidence
pertaining to arterial structure and function and present
the available data regarding arterial stiffness and
endothelial function in patients with IBD.
Zanoli L, Rastelli S, Inserra G, Castellino P. Arterial structure and
function in inflammatory bowel disease. World J Gastroenterol
2015; 21(40): 11304-11311 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i40/11304.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i40.11304

INTRODUCTION
The idea that “man is as old as his arteries” was
postulated by William Osler more than a century
[1]
ago . This axiom, initially used only in the setting of
atherosclerosis, has also been used in the setting of
increased arterial stiffness. Many studies, including a
recent meta-analysis, have reported that aortic stiffness
predicts an individual’s risk of developing cardiovascular
[2,3]
disease independently of the classic risk factors .
Moreover, arterial stiffness and endothelial function
have been identified as markers of subclinical target
[4]
organ damage . As target organ damage predicts
cardiovascular death independently of the classic
cardiovascular risk factors, it has been suggested
that identifying organ damage, particularly among
individuals at moderate risk for cardiovascular disease
[4]
(CVD), may be useful . Among these patients, the
presence of increased arterial stiffness is sufficient to
[4]
reclassify their risk of CVD from moderate to high .
A relationship between arterial stiffness and several
markers of inflammation has been described in healthy
[5,6]
subjects and hypertensive individuals , as well as
[7-10]
in patients with chronic inflammatory disorders
,
in whom arterial stiffening occurs independently of
[8]
atherosclerosis and is related to disease duration .
Chronic inflammation has also been linked to endothelial
[7]
dysfunction .
Inflammatory bowel disease (IBD) is a chronic
inflammatory condition that results from a combination
of environmental, genetic and immunologic factors
that trigger an uncontrolled immune response within
[11]
the intestine in genetically predisposed individuals .
The dysfunction of the intestinal immune system
and cross-reactivity against host epithelial cells have
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both been implicated as the primary mechanisms by
[12]
which said inflammation occurs . Therefore, among
patients with IBD, it is reasonable that the chronic
low-grade inflammation and the acute inflammation
that occur during relapses of the disease may affect
arterial properties. Several groups have studied both
endothelial function and arterial stiffness in subjects
with IBD. In this review, we briefly describe the
physiology of the arterial system and the available
data regarding both arterial stiffness and endothelial
function in the setting of IBD.

PHYSIOLOGY OF THE ARTERIAL
SYSTEM
The human arterial system is designed to receive
pulsatile blood from the left ventricle and distribute
it as a steady flow through the peripheral capillaries.
Two distinct functions of the arterial tree may be
schematized as follows: the ability (1) to deliver blood
from the left ventricle (LV) to the capillaries of organs
and tissues (conduit function); and (2) to dampen the
blood flow and pressure oscillations generated by the
heart, ensuring peripheral organ perfusion at both a
[13]
steady flow rate and pressure (cushioning function) .
The efficiency of the conduit function is a conse
quence of both arterial diameter and the low resistance
offered by large arteries to flow (in the supine position,
mean blood pressure drops between the ascending
aorta and the arteries in the forearm and leg by no
more than 2-4 mmHg).
The thoracic aorta and its principal branches are
rich in elastic fibres (elastic arteries). In the abdominal
aorta and smaller arteries, the numbers of elastic fibres
progressively decrease and are replaced by muscular
fibres (muscular arteries). The presence of elastic
fibres within the walls of the large arteries enables
them to dampen blood pressure fluctuations, confining
flow pulsations to the larger arteries, particularly the
proximal aorta, and storing the stroke volume during
systole. Under physiologic conditions, approximately
half of the stroke volume is forwarded directly to the
peripheral tissues, whereas the remaining 50% of the
stroke volume is momentarily stored within the aorta
and the large elastic arteries stretching the arterial
walls (Figure 1). Approximately 10% of the energy
produced by the heart is stored within the arterial wall
by increasing the distension of the arteries. During
diastole, the energy imbricated within the arterial wall
is discharged, and the stored blood is forwarded to
the peripheral tissues, ensuring continuous flow and
contributing to the maintenance of sufficient diastolic
blood pressure.
With ageing, repetitive pulsations (approximately
35 million/year) cause fatigue and fracture the
elastin lamellae of the elastic arteries. Ageing is also
associated with a number of molecular changes in the
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Figure 1 Role of arterial compliance in the damping of blood flow and the pressure oscillations generated by the heart. A: During systole, a portion of the
stroke volume is forwarded directly to the peripheral tissues; approximately 50% of the stroke volume is momentarily stored within the aorta and stretches the arterial
walls; B: During diastole, the energy imbricated within the arterial wall is discharged, and the stored blood is forwarded into the peripheral tissues, ensuring continuous
flow and contributing to the maintenance of sufficient diastolic blood pressure.
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Figure 2 Arterial stiffness and reflection waves. A: Pulse wave in subjects with normal arterial stiffness; B: Pulse waves in subjects with increased arterial stiffness.
DBP: Diastolic blood pressure; SBP: Systolic blood pressure.

load-bearing media of the elastic arteries, as follows:
the orderly arrangement of elastic fibres and laminae is
gradually lost over time, and thinning, splitting, fraying
and fragmentation are observed. The degeneration
of the elastic fibres is associated with an increase in
collagenous material and these changes are often
accompanied by calcium deposition and degenerated
[14,15]
elastic fibres
. These processes result in both the
stiffening and the dilatation of the large arteries and
the early return of the reflected pressure waves to
the heart. In the setting of increased arterial stiffness,
the aorta and the elastic arteries cannot be stretched
during systole. Consequently, the entire stroke volume
flows through the arterial system and peripheral
tissues only during systole, increasing systolic blood
pressure and decreasing diastolic blood pressure.

ARTERIAL STIFFNESS AND REFLECTED
WAVES
The integration of the conduit and cushioning functions
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results in pressure wave propagation and reflection
(Figure 2). At each level of the arterial tree, the arterial
pulse may be divided into two components, a forward
or incident pressure wave, which originates at the
level of the left ventricle, and a backward pressure
wave, the sum of the reflected waves that originates
primarily at the level of the high-resistance arterioles.
The forward pressure wave generated within the
aorta is propagated to arteries throughout the body.
The progressive and physiological increase in arterial
stiffness from the proximal aorta to the peripheral
muscular arteries, together with the changes in
aortic geometry, local arterial branching and luminal
narrowing, produces an impedance mismatch and
causes partial reflections of the forward pressure
waves. The reflected pressure waves travel back to
the central aorta and participate in changes in the
amplitude of both the systolic blood pressure and the
pulse pressure along the arterial tree. The stiffer the
elastic and muscular arteries, the faster the forward
and backward pulse waves within the arterial tree,
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PWV, m/s =

femoral PWV is considered both a marker of target
[16]
organ damage and a cardiovascular risk factor . PWV
may also be measured at the level of the peripheral
muscular arteries (i.e., the brachial artery, carotidradial PWV); however, the role of muscular artery
stiffness in the prediction of cardiovascular risk remains
a matter of debate.
PWV should not be confused with blood velocity,
as the former is related to the transmission of energy
through the arterial wall and varies between 4 and 12
m/s with both age and pressure, whereas the latter
is related to the displacement of mass through an
incompressible blood column and varies in order of
cm/s.

L
∆t

L
∆t

Figure 3 Reference technique utilized to measure carotid-femoral pulse
wave velocity. PWV: Pulse wave velocity; L: The distance between the two
measurement sites; Δt: The time lag between the pulse waves acquired at the
proximal (carotid) and distal (femoral) sites.

and the earlier the return of the backward wave to
the ascending aorta. Consequently, at the level of the
proximal aorta, the backward wave interacts with the
forward wave during diastole in subjects with elastic
arteries (i.e., in youth) and during systole in subjects
with increased arterial stiffness (i.e., either in the
elderly or in the setting of pathological conditions).
This causes both a greater peak in aortic pressure
during systole and a larger decline during diastole.

HOW TO MEASURE ARTERIAL
STIFFNESS IN CLINICAL PRACTICE
Several techniques and devices have been validated to
[2]
measure arterial stiffness in clinical practice . A direct
reflection of arterial stiffness, pulse wave velocity
(PWV) represents the gold standard for assessing
[2]
regional arterial stiffness in daily practice . PWV is
the speed at which the pressure wave generated by
cardiac ejection is propagated through the arterial
tree. PWV is usually measured noninvasively from
pressure waveforms obtained transcutaneously at
the level of the right common carotid artery and the
right femoral artery (carotid-femoral PWV), and the
time delay (transit time) measured between the feet
of the two waveforms, where the foot of the wave is
defined at the end of diastole, when the steep rise of
the wavefront begins. The distance covered by the
waves is assimilated to the surface distance between
[2]
the two recording sites . PWV is classically calculated
by dividing the distance travelled (in metres) by the
time delay (in seconds) between the arrival of the
pulse wave at the level of two different measuring
sites (Figure 3). Carotid-femoral PWV is equivalent
to the stiffness of the aorta. An increased carotid-
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ARTERIAL STIFFNESS AND
CARDIOVASCULAR EVENTS, THE
PATHOPHYSIOLOGICAL BASIS
In the setting of arterial stiffness, the early return of
the reflected waves is primarily responsible for the
rise in central systolic blood pressure, the drop in
diastolic blood pressure and the associated increase
in pulse pressure. The increased central systolic blood
pressure is responsible for the augmented systolic
work (left ventricular load), left ventricular oxygen
requirements and the resultant risk of left ventricular
[17]
hypertrophy . The physiologic return of the reflected
waves at the level of the proximal aorta during diastole
is important in maintaining adequate perfusion in
the myocardial microvasculature. Therefore, the
decrease in central diastolic blood pressure caused
by the increased arterial stiffness is responsible for
the decreased coronary artery perfusion pressure
observed during diastole, as well as the increased
risk of myocardial infarction. Moreover, in the setting
of left ventricular hypertrophy, the perfusion of the
myocardial microvasculature is decreased because the
hypertrophied heart contracts and relaxes more slowly,
and the duration of systole is subsequently increased,
whereas the duration of diastole is decreased. The
elevated central pulse pressure that drives cerebral
blood flow is responsible for the increased risk of
stroke among patients with increased arterial stiffness.

ARTERIAL STIFFNESS AND
INFLAMMATION
Several factors have been implicated in the pathophy
siology of arterial stiffening. An emerging causal factor is
the presence of systemic inflammation. This relationship
has been described in various chronic inflammatory
[9]
disease states, including systemic vasculitis , systemic
[8]
[8]
lupus erythematosus , rheumatoid arthritis and
[18]
HIV . Even acute, mild and transient inflammatory
stimuli have been associated with the deterioration of
[19]
the elastic properties of the large arteries . It should
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Table 1 Studies that have measured carotid-femoral pulse wave velocity in subjects with inflammatory bowel disease
Ref.

Subjects, n

Anti TNF-a
therapy (%)

Zanoli et al[25] (2012)
Akdogan et al[26] (2013)
Theocharidou et al[31] (2013)
Zanoli et al[29] (2014)
Korkmaz et al[27] (2014)
Theocharidou et al[31] (2014)
Aytaç et al[28] (2015)

13
5
44
19
2
46
0

Pulse wave velocity (m/s)

IBD

Controls

CD

UC

16
0
43
34
18
29
25

16
37
23
40
84
15
30

32
30
44
80
74
44
25

IBD

Controls

CD

UC

6.5 ± 1.5
6.8 ± 1.3
8.0 ± 1.6
6.4 ± 1.2
7 ± 1.2
9.6 ± 1.4

6.8 ± 1.3
8.9 ± 3.0
6.3 ± 1.1
7.8 ± 1.7
6.6 ± 1.2
6.3 ± 1.2d
9.3 ± 1.3

6.0 ± 0.8a
7.2 ± 1.7c
6.1 ± 0.9
7.0 ± 1.1b,c,d
5.9 ± 1.2a
6.4 ± 0.9d
7.6 ± 0.3e,f

Data are presented as percentages (%), counts or mean ± SD. aP < 0.05 vs the whole group of subjects with IBD; bP < 0.001 vs the whole group of subjects
with IBD; cP < 0.05 vs subjects with ulcerative colitis; dP < 0.001 vs subjects with Crohn’s disease; eP < 0.05 vs subjects with ulcerative colitis; fP < 0.001 vs
subjects with Crohn’s disease. CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease.

be noted that in chronic inflammatory disorders, arterial
stiffening may occur independently of atherosclerosis
and has been linked to the duration of the inflammatory
[8]
disease in question .

ARTERIAL STRUCTURE AND FUNCTION
IN THE SETTING OF IBD
Only a limited number of studies have evaluated
endothelial function in subjects with IBD. In a study
published in 2007, microvascular dysfunction was
linked to the loss of nitric oxide generation by the
[20]
microvascular endothelium . More recently, endothelial
dysfunction was also reported in arterial districts far
from the intestinal tract. In 2009 a study described
low flow-mediated dilatation and shear stress reactive
[21]
hyperaemia . These results were confirmed by
independent research groups that studied both adult
[22]
[23]
patients
and paediatric patients . The number
of circulating endothelial precursor cells, markers of
endothelial function, was significantly reduced in patients
with Crohn’s disease (CD), as well as patients with
ulcerative colitis (UC), compared with healthy controls,
whereas the number of apoptotic endothelial precursor
cells was higher in both patients with CD and patients
[22]
with UC . It was also observed that endothelial function
improves following the administration of tumour necrosis
[24]
factor-alpha (TNF-α) antagonists .
Only a limited number of studies have evaluated
arterial stiffness in the setting of IBD (Table 1).
The first study that measured the PWV in IBD was
[25]
published by our group in 2012 . The stiffness of
the elastic arteries (carotid-femoral PWV) and the
muscular arteries (carotid-radial PWV) were both
increased in subjects with IBD; no significant difference
in PWV was noted between the patients with UC
and those with CD. These results were subsequently
[26-29]
duplicated by independent research groups
. A
correlation between disease duration, a surrogate
marker of the chronic inflammatory burden, and
[25,29]
arterial stiffness was also reported by our group
[27]
and confirmed by an independent research group .
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A relationship between arterial stiffness and several
markers of inflammation (higher disease activity and
[26]
more extensive involvement) was also reported .
Interestingly, in each of the studies that described
increased arterial stiffness in the setting of IBD, only a
few subjects (0%-19%) were treated with anti TNF-α
therapy. By contrast, in two studies published by the
[30,31]
same group
, a higher percentage of patients,
approximately 50%, were treated with anti TNF-α
therapy; arterial stiffness was found to be only slightly
increased in the setting of IBD. These findings were
consistent with those of recent reports demonstrating
[30]
[24]
that arterial stiffness and endothelial function both
improved following the administration of anti TNF-α
therapy among subjects with IBD, findings suggestive
of a pivotal role for this cytokine in the pathogenesis of
arterial dysfunction.

HOW DOES INFLAMMATION AFFECT
ARTERIAL ELASTIC PROPERTIES?
Inflammation may stiffen the large arteries via several
mechanisms (Figure 4). First, in diseases characterized
by chronic inflammation, including IBD, endothelial
[7,20-23]
dysfunction has been reported by multiple groups
.
It has been suggested that endothelium-derived factors
such as nitric oxide and endothelin-1 may influence the
[32,33]
development of arterial stiffness
. The presence of
endothelial dysfunction may result in functional arterial
stiffening and the concomitant reduction of nitric oxide
bioavailability and the increased activity of an opposing
mediator, endothelin-1 (Figure 4A). This mechanism
may also be responsible for the reversible increase in
the stiffness observed among subjects suffering from
acute inflammation.
Endothelial dysfunction may also be associated with
both the hyperplasia of vascular smooth muscle cells
[34]
and the increased synthesis of collagen , resulting in
structural arterial stiffening (Figure 4B). Moreover, the
increased levels of circulating inflammatory mediators
(i.e., interleukin-1 and TNF-α) promote white blood
cell infiltration into blood vessels and changes in
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Figure 4 Potential mechanisms by which inflammation can induce functional (A) and structural (B) arterial stiffening. eNOS: Endothelial nitric oxide
synthase; H2O2: Hydrogen peroxide; IL-1: Interleukin-1; MMPs: Matrix metalloproteinases; NO: Nitric oxide; O2-: Superoxide; ROS: Reactive oxygen species; TIMP:
Tissue inhibitor of matrix metalloproteinases; TNF-a: Tumor necrosis factor alpha.

vascular smooth muscle phenotypes, which may
release matrix metalloproteinases. The increased
fragmentation of elastin molecules may be mediated
by the activation of both matrix metalloproteinases
[35,36]
and serine proteinases
. In addition to elastin
degradation, matrix metalloproteinases also have
collagenolytic activity, which results in the generation
[35]
of uncoiled and stiffer collagen . The increased matrix
metalloproteinase activity may also be mediated by
the presence of oxidative stress, which may activate
latent matrix metalloproteinases and degrade tissue
inhibitors of matrix metalloproteinases, as well as the
[37,38]
increased activity of cell adhesion molecules
. In
the setting of chronic inflammation, vascular smooth
muscle cells also express osteoblast markers, take
up phosphate and produce bioapatite, resulting in
[39]
medial calcification and reduced vessel elasticity ,
and also produce C-reactive protein (CRP). CRP has
an active role in promoting vascular inflammation and
reducing endothelial function. Perivascular and vasa
vasorum inflammation may result in vessel ischaemia,
particularly in the setting of thrombo-occlusion, which
may also promote both matrix remodelling and arterial
stiffening.

INCREASED CARDIOVASCULAR RISK IN
SUBJECTS WITH A LOW PREVALENCE
OF CLASSIC CARDIOVASCULAR RISK
FACTORS, THE IBD PARADOX
By definition, the higher the prevalence of classic
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cardiovascular risk factors, the higher the risk of
cardiovascular events. However, upon the review of
the literature, this axiom does not appear to apply to
subjects with IBD. Several studies have reported that
the prevalence of classic cardiovascular risk factors is
lower among subjects with IBD than in the general
[40-43]
population
. In particular, body mass index and
[40-43]
lipid levels are lower in patients with IBD
. These
patients also have lower rates of diabetes, obesity and
[43]
hypertension . Therefore, given the risk profile of IBD
subjects, the expected cardiovascular morbidity and
mortality would be expected be lower in these patients
than in the general population. However, although
[44]
the standardized mortality ratio was not reduced ,
the risk of coronary heart disease was reportedly
[43,45]
increased in patients with IBD
. It is reasonable
to hypothesize that other factors not considered in
the classical stratification of cardiovascular risk may
be involved in these subjects. Therefore, IBD may be
a useful model with which to evaluate the effects of
chronic low-grade inflammation in the development
of cardiovascular diseases. In contrast to other
clinical models of chronic inflammation in which the
prevalence of classic cardiovascular risk factors is
comparable with those of the general population,
among subjects with IBD, the low cardiovascular
risk associated with the low prevalence of classic
cardiovascular risk factors may partially offset the
cardiovascular burden associated with chronic
[46]
inflammation . An improved understanding of these
concomitant but opposing effects, which are currently
not considered in the cardiovascular risk stratification
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of patients with IBD, may result in the development
of specific programs of intervention aimed at reducing
cardiovascular risk. As is the case with other diseases
[7]
characterized by chronic inflammation , increased
arterial stiffness may represent a link between chronic
low-grade inflammation and increased cardiovascular
risk among patients with IBD. Additional studies are
necessary to determine whether reduced arterial
stiffness and improved endothelial function (with anti
TNF-α therapy) decreases the risk of cardiovascular
events among subjects with IBD.
In conclusion, there is evidence indicating that in
the setting of IBD, as with other chronic inflammatory
disorders, endothelial function is reduced, and arterial
stiffness is increased. Treatment with anti TNF-α
therapy appears to be associated with improvements
in both endothelial function and arterial stiffness.
Additional studies are necessary to determine whether
the improvements in arterial stiffness and endothelial
function are associated with a decreased risk of
cardiovascular events in subjects with IBD.
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Abstract
The incidence of paediatric inflammatory bowel
disease (PIBD) has dramatically increased in the
last 20 years. Although first reported in mid 1970s’,
diagnostic laparoscopy has started to be routinely
adopted in paediatric surgical practice since late
1990s’. Minimally invasive surgery was first limited to
diagnostic purposes. After 2002 it was also applied to
the radical treatment of PIBD, either Crohn’s disease
(CD) or Ulcerative colitis. During the last decade
minimally invasive approaches to PIBD have gained
popularity and have recently became the “gold
standard” for the treatment of such invalidating and
troublesome chronic diseases. The authors describe
and track the historical evolution of minimally
invasive surgery for PIBD and address all available
opportunities, including most recent advancements
such as robotic surgery, single port approaches and
minimally invasive treatment of perianal fistulising
CD. A systematic review of all series of PIBD treated
with minimally invasive approaches published so far
is provided in order to determine the incidence and
type of patients’ complications reported up to present
days. The authors also describe their experience with
minimally invasive surgery for PIBD and will report
the results of 104 laparoscopic procedures performed
in a series of 61 patients between January 2006 and
December 2014.
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Core tip: This review aims at describing the historical
evolution of minimally invasive surgery for paediatric
inflammatory bowel diseases (PIBD). We will go
through all recent technical advancements, provide
an overview of our personal experience and perform
an extensive systematic review of available data. The
series of patients reported so far will be analysed
and most relevant issues addressed in details. We do
believe that this review will help physicians dealing with
PIBDs by reporting and discussing the most advanced
surgical opportunities. A special focus on complications
and moreover, long-term outcome will help in
implementing adequate education for parents.
Pini-Prato A, Faticato MG, Barabino A, Arrigo S, Gandullia
P, Mazzola C, Disma N, Montobbio G, Mattioli G. Minimally
invasive surgery for paediatric inflammatory bowel disease:
Personal experience and literature review. World J Gastroenterol
2015; 21(40): 11312-11320 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i40/11312.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i40.11312

INTRODUCTION
Inflammatory bowel disease (IBD) represents a group
of chronic relapsing intestinal inflammatory conditions,
namely Crohn’s disease (CD), ulcerative colitis (UC),
and IBD unclassified (IBD-U, a form of colitis whose
features made it impossible to discriminate between
[1]
CD and UC) . Although the exact aetiology of IBD
remains unclear, these disorders are thought to result
from the interactions of genetics, deranged host
[2]
immunity and environmental factors .
[3]
Between 5% and 25% of IBDs occur in children .
Although the highest incidence of paediatric IBDs
(PIBD) is during adolescence, with two-folds higher
prevalence for CD over UC, these disorders can also
occur in very young children (< 6 years of age, very
early onset IBD). This latter age group is usually
characterized by pancolonic inflammation (frequently
IBD-U) with severe clinical course and high rate of
resistance to immunosuppressive therapy. In these
instances a primitive immunodeficiency should always
be investigated. At present, the estimated incidence
of PIBD ranges between 0.25 and 13.30 per 100000,
[2,4]
with a dramatic increase over the last 20 years .
In children, clinical features of IBDs may be
extremely diverse and somehow differ from those of
adults, above all in CD. Bloody diarrhoea represents the
most common symptoms at onset in UC. Abdominal
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pain, diarrhoea, weight loss, fever, fatigue, and
growth retardation are typically reported in CD with a
prevalence ranging between 95% and 25% of cases.
As for adults, extraintestinal manifestations are not
unlikely in patients with PIBD. Those are reported in
25% to 35% of cases. Interestingly, in children, these
symptoms can precede the onset of gastrointestinal
disease whereas in adults they tend to occur concur
[5]
rently with the exacerbation of the disease .
Disease localization and severity in children with
UC can vary. At onset UC involvement is extensive
(pancolitis) in 60%-80% of all patients, while
rectosigmoid and left-sided disease are less frequent.
Disease extent is consistently associated with disease
severity and children have more aggressive disease
course with at least one acute severe colitis (ASC)
[6]
before adulthood . In case of CD, isolated involvement
of terminal ileum (± limited to the caecum) is shown
in 16% of cases. Isolated colonic disease is reported in
27% and ileocolonic in 53% of cases. Of note, although
isolated upper gastrointestinal localization is reported
in 4% of patients, 30% have esophagogastroduodenal
[7]
involvement and 24% jejunal/proximal ileal disease .
Perianal disease accounts for 15% of patients. Of note,
CD may have insidious onset that leads to delay in
[6,7]
diagnosis .
Medical management of PIBD include nutritional
therapy, aminosalicylates, steroids, antibiotics,
immunomodulators (i.e., thiopurine, methotrexate),
and biologic therapy (infliximab, adalimumab). All drugs
can be administered in patients with mild to severe
forms of PIBD in order to achieve or maintain remission.
In case of failure of medical treatment, surgical
management is indicated to deal with complications.
Indications to surgery include bleeding (UC and
IBD-U), perforation/abscess (CD), obstruction (CD),
stricture (CD), fistula (CD), toxic megacolon (all
PIBD), failure of medical therapy (UC), severe growth
retardation (UC), and dysplasia or malignancy (all
PIBD). In CD a conservative surgical strategy is
generally warranted. However, the specific surgical
procedure adopted in each case (segmental resection
partial colectomy, total colectomy with ileostomy or
ileo-rectal anastomosis, and total proctocolectomy with
end-ileostomy) depends upon the site of involvement
and the type and severity of complications. In UC
surgery is curative and includes total colectomy
and J-pouch ileo-anal anastomosis with sphincter
preservation either resorting to endorectal pull-through
or subtotal proctectomy. Ultimately, more than 50% of
patients with CD will require resections, whereas 15%
[2,5]
to 40% of those with UC will require a colectomy .
In recent years, as for most of general surgery,
surgeons have moved from conventional laparotomy
to minimally invasive laparoscopic approach for PIBD.
Below the Authors will provide a literature review of
recent publications and reports on this regard and
will provide details of a series of patients treated at
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Giannina Gaslini Institute during the last decade.

METHODOLOGY
Literature review

Two independent investigators performed the literature
search, using PubMed, EMBASE, and Ovid database.
The search terms were “laparoscopy”, “surgery”,
“children”, and ”Inflammatory Bowel Disease”, or
“Ulcerative colitis”, “Crohn Disease”, and “Indeterminate
Colitis”. Inclusion criteria were: (1) paper fully written
in English language; and (2) patients younger than
18 years of age. All prospective, observational, and
retrospective studies were included. Case reports were
excluded.
Data were extracted from articles that fulfilled
inclusion and exclusion criteria and entered into tables.
These data included first Author, country of origin,
years of data collection, series size, PIBD types, and
incidence of complications.

Personal series

The medical records of all patients affected by PIBD
(CD, UC, IBD-U) from January 2006 to December
2014 who underwent minimally invasive surgery
(laparoscopic or laparoscopic-assisted) at Giannina
Gaslini Children Hospital were reviewed. We recorded
demographic data, type of procedure performed (single
or staged), operating time, morbidity and length of
hospital stay from our centralized operating room
database.

Data reporting and statistical analysis

Descriptive statistics were reported as absolute
frequencies and percentages for qualitative data, mean
± SD or median and range (based on variability) were
used to describe quantitative variables. Differences in
the frequencies of each variable were evaluated by the
χ 2 test, or by Fisher’s exact test, when appropriate. All
the statistical tests were two sided and a P value lower
than 0.05 was considered as statistically significant.

LITERATURE REVIEW
Overall literature review

On the basis of the available literature data, we
could address minimally invasive surgery for PIBDs
focusing on diagnostic laparoscopy before 2000 and
on laparoscopic treatment, afterwards. Furthermore,
therapeutic laparoscopy can be divided basing on the
[8-26]
adopted surgical procedure
.

Diagnostic laparoscopy

The first report regarding diagnostic laparoscopy
[27]
dates back to 1975 when Leape et al
reported
the first series of children and infants undergoing
diagnostic laparoscopy for various issues, including
CD. Diagnostic laparoscopy was used to determine
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what surgical treatment was eventually required with
a conventional laparotomy. Later on, in 1996, Miller
and colleagues reported the use of minimally invasive
surgery to detect the presence of abnormal mesenteric
fat (“creeping fat”) in patients with suspected CD.
The Authors described 6 children who underwent
diagnostic laparoscopy. Three of them were suspected
of having CD and underwent resection confirming the
[28]
[29]
diagnosis . Similarly, in 1998, Schier et al reported
a series of 11 children who underwent diagnostic
laparoscopy without major complication. The Authors
confirmed the usefulness of direct images in the early
stages of CD for a better implementation of adequate
medical treatments.

Laparoscopic treatment

Laparoscopy has been adopted in adults since early
90s’ either for the treatment of UC or CD with good
[30,31]
results
. In children, therapeutic laparoscopy for
IBDs has been introduced since early 2000s’. The first
report of laparoscopic treatment of CD dates back
to 2002, when Rothemberg reported his preliminary
experience with his first 15 segmental bowel
[10]
resections for CD .During the same year, Georgeson
reported his preliminary experience with 18 patients
with UC who underwent Laparoscopic assisted total
[9]
colectomy with pouch reconstruction . Both authors
reported their preliminary experiences on relatively
small pediatric series demonstrating the feasibility of
minimally invasive surgery for the treatment of IBDs
in children, either CD or UC. Similarly, Proctor in 2002
and Dutta in 2003 reinforced these considerations
[8,12]
in two separate reports
. In particular, Proctor
and colleagues reported a comparative retrospective
analysis of the results of open vs laparoscopic
subtotal colectomy for UC, treated in their institution
between 1999 and 2001. The authors concluded
that laparoscopy requires longer surgery but better
cosmetic results with shorter return to normal activities
and bowel function, being the incidence of major
complications unaffected by the chosen approach.
Furthermore, the authors underlined how length of
surgery may be improved during the learning curve,
[8]
as previously reported in adult literature .
Up to present years, a number of publications
reported extensive use of laparoscopy for the treatment
of PIBD and larger series have been reported. So far,
the largest series published in international literature
is that by Diamond and colleagues who reported a
series of 136 patients who underwent 154 laparoscopic
procedures for PIBD in the period between 1999 and
2007. The authors reported improved cosmetic results,
a reduced hospitalisation but an incidence of major
complications comparable to that of open surgery,
[18]
particularly intestinal obstruction (Table 1).

Surgical procedures

Small bowel and/or ileocolic resection: Either
laparoscopically-assisted or total intracorporeal ileo-
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Table 1 List of available publications concerning minimally invasive approach for inflammatory bowel diseases in pediatric population
(PubMed, EMBASE, Ovid) n (%)
Ref.
[8]

Proctor et al
Georgeson[9]
Rothenberg et al[10]
von Allmen et al[11]
Dutta et al[12]
Simon et al[13]
Bonnard et al[14]
Meier et al[15]
Fraser et al[16]
Flores et al[17]
Diamond et al[18]
Mattioli et al[19]
Laituri et al[20]
Potter et al[21]
Linden et al[22]
Huang et al[23]
Stephens[24]
Sharp et al[25]
Vrecenak et al[26]
Total

Country

Year

IBD

Canada
United States
United States
United States
United States
United States
France
United States
United States
Argentina
Canada
Italy
United States
United States
United States
United States
Ireland
United States
United States

2002
2002
2002
2003
2003
2003
2006
2007
2010
2010
2010
2011
2011
2012
2013
2013
2013
2014
2014

8
18
15
12
15
29
11
NS
27
13
136
16
30
9
68
44
9
28
71
559

CD
1
0
15
12
15
NS
11
NS
0
0
83
3
30
2
0
25
0
28
71
296

UC
5
18
0
0
0
NS
0
NS
27
13
50
12
0
6
68
16
9
0
0
224

IBD-U

Complications

Years

2
0
0
0
0
NS
0
NS
0
0
3
1
0
1
0
3
0
0
0
10

4 (50)
NS
1 (7)
1 (8)
2 (13)
5 (17)
2 (18)
NS
18 (66)
4 (31)
50 (37)
6 (24)
3 (10)
5 (55)
13 (19)
10 (22)
3 (33)
8 (29)
23 (32)
158 (29.2)

1999-2001
NS
NS
1997-2002
1998-2002
1991-2002
1999-2004
NS
1998-2008
1991-2009
1999-2007
2006-2010
2000-2009
2010-2011
2003-2011
2002-2011
2009-2011
2009-2013
2001-2010
1991-2013

Case reports or case series have been excluded. This table provides the overall number of IBDs treated in a selected time span. Whenever available, the
series were differentiated into patients with UC, CD and IC. Overall, a relatively high prevalence of major complications requiring some sort of surgical
intervention has been reported (higher than 29%), still similar or even lower when compared to what previously published for open surgery. Complications
rate was calculated basing on series providing incidence (541 overall patients). IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative
colitis; IBD-U: Inflammatory bowel disease - unclassified; NS: Not stated.

colic resection and segmental ileal resection have
been reported. Those procedures have been adopted
in patients with CD and consist of laparoscopy with 3
to 4 ports. The whole bowel is inspected and the site
of resection is determined by preoperative imaging
matched to intraoperative evidences. The resectionanastomosis can be accomplished via a minilaparotomy (either extending umbilical port incision
or by means of a small modified Pfannenstiel incision)
through which the bowel is exteriorized, resected and
[13,18]
anatomised
. Alternatively, total intracorporeal
resection and anastomosis can be performed as
described by Rothemberg and Dutta in their previous
[10,12]
reports
.
Although some Authors suggested to resort to the
“safer” extracorporeal anastomoses (laparoscopicassisted approach) due to the inflamed and fragile
[13,14]
bowel to be anastomized with staplers
, both
alternatives have proved to be safe and effective in
experienced hands and are now used worldwide in CD.
Strictureplasty: The Heineke-Mikulicz strictureplasty
can be performed with a minimally invasive approach,
either totally intracorporeal or laparoscopic-assisted.
Although mostly limited to upper gastrointestinal
tract or to multisite CD involvement for intestinal
preservation, in paediatric settings this procedure can
be accomplished with good results. Of note, Romeo
and colleagues demonstrated that the recurrence
rate of strictureplasty overlaps that of resectionanastomosis, thus making this technique a valid
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option for selected CD patients at risk for short bowel
[32]
syndrome following resection .
Total or subtotal colectomy: Either in elective or
emergency setting, total or subtotal colectomy can be
carried out with results that overlap and/or overcome
[18]
those of conventional open surgery . This procedure
has been mostly used for the treatment of UC or IBD-U
(occasionally for the treatment of pancolonic CD) and
consists of a 4 to 5 ports laparoscopy. The left colon
is approached first and divided close to peritoneal
reflection with straight or angled stapling devices.
Mesentery is divided using available laparoscopic
®
sealing devices (Ligasure in our experience) and
colectomy is carried on in anticlockwise direction.
Particular care must be taken when dividing midcolonic
vessels in order to avoid lesions of first jejunal loop
at Treitz ligament. Similarly, another key-point of
colectomy is the right hepatic flexure when surgeons
must spare and protect the duodenum and hepatic
hilum. Once colonic isolation and resection reaches the
caecum, the whole colon can be extracted through the
right iliac fossa port and the same wound can be used
to fashion the ileostomy. Alternatively, the colon can
be extracted by everting the rectum through the anus
and stapling the rectum from outside. This alternative
approach can turn useful in the elective setting in case
of small children, particularly those with IBD-U.
Straight or J-pouch reconstruction? Although a
debate regarding the indication to fashion a pouch
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during reconstruction after colectomy in PIBD exists,
most surgeons resort to this technique. A straight
ileo-anal or ileo-rectal anastomosis is used only by
a limited number of Authors. In 2006, Tilney and
colleagues performed a meta-analysis demonstrating
that, though basing on a very few good-quality
studies, pouch procedures should be preferred in order
[33]
to achieve better survival and functional outcome .
On the basis of these considerations, although pouch
implies frequent endoscopic follow up and a relatively
high incidence of pouchitis, (reported in up to 50%
[34-36]
of patients
), pouch procedures represent at the
moment the gold standard for reconstruction after
colectomy in children with PIBD.
J-pouch ileo-rectal or ileo-anal anastomosis? This
is one of the most controversial topics in the surgical
treatment of PIBD and represents a key element in the
radical treatment of UC/IBD-U and of pancolonic CD.
Some surgeons opt for a mucosectomy, endorectal
[9]
pull-through and J-pouch ileo-anal anastomosis .
Others do prefer subtotal proctocolectomy and J-pouch
ileo-rectal anastomosis 2-3 cm above the dentate
line. The most relevant issues leading surgeons’
choice are: (1) relatively high risk of leaving small
islands of rectal diseased mucosa in the rectal cuff,
in case of endorectal dissection; and (2) relatively
high risk of dysplasia and cancer in the 2-3 residual
centimetres of rectum left in place in case of J-pouch
[9,37]
ileo-rectal anastomosis
. Regardless of the choice
for reconstruction, both options are amenable of
laparoscopic approach. The mesentery of the terminal
ileum is widened and lengthened and a J-pouch is
created through the site of the ileostomy. J-pouch
[38]
length varies between short pouches
and longer
[18]
ones
according to surgeons. The pouch is then
returned into the abdomen and the rectal pouch is
®
dissected with a sealing device (i.e., Ligasure ) down
to the elevator ani and stapled. A circular stapling
device is then inserted into the anus and the ilealpouch is anastomized 2-3 cm above the dentate
line. Alternatively, the endorectal dissection can be
accomplished starting 1-2 mm above the dentate line
in order to perform a classic endorectal pull-through,
[39]
as described for Hirschsprung’s disease .
Single or staged procedures: Total colectomy and
J-pouch reconstruction can be accomplished as a single
stage (Total colectomy with J-pouch reconstruction and
no protective ileostomy), two-stage (Total colectomy
with ileostomy followed by J-pouch reconstruction
without protective ileostomy) or three-stage procedure
(Total colectomy with ileostomy followed by J-pouch
reconstruction and protective ileostomy) depending on
surgeons’ attitude and on patients’ general conditions.
[8,9,18,38]
Protective ileostomy is chosen by most surgeons
.
Nonetheless, as complications have been frequently
related to the ileostomy (i.e., internal hernia, prolapse,
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[18,19]

adhesion, twisting)
most surgeons addressed
this issue and questioned whether the routine use of
protective ileostomy should be abandoned in favour
of a strict selection of patients with the highest risk of
anastomotic complications (fulminant colitis? very low
body mass index? low albumin levels?). Anyway, a
three-stage approach is recommended in all emergent
situation, i.e., fulminant colitis, patients on high dose
steroids, severe malnutrition and IBD-U.
TM

Further technical improvements: Recently, SILS
devices to perform single incision laparoscopic surgery
have been adopted to further contain the trauma
of abdominal wall and to improve the outcome of
the patients both in terms of reduced pain, shorter
postoperative stay, earlier recovery of normal bowel
[25,38]
functions and improved cosmetic appearance
.
Finally, robotic surgery is on its way to be applied to
J-pouch ileo-rectal or ileo-anal anastomosis, given
the possibility to apply this innovative technologies to
rectal pouch dissection in order to further minimize
the risk of damaging perirectal structures (personal
unreported experience).

Complications and long-term functional outcome

Comparing open and laparoscopic surgery for PIBD it
comes clear that the incidence of complications does
[8,12,35]
not significantly differ
. Nonetheless, surgery for
PIBD is somehow frustrating given the relatively high
incidence of surgical problems that can occur in the
postoperative period. In fact, complications requiring
surgical intervention occurred with an average
incidence of 29% (158 out of overall 541 pediatric
patients in this review) (Table 1). This percentage
is similar or even lower than that reported for open
surgery. The most frequent issues are represented by
intestinal obstruction, anastomotic leakage or stenosis,
[8,18,19,34,40-44]
pouchitis and faecal incontinence
.
In particular, the incidence of complications
approaches 55% for UC, being that of intestinal
obstruction of around 25% and that of pouchitis of
[34]
nearly 50% . Similarly, the incidence of complications
following surgery for CD can be as high as 33% with
both early and late complications reported in pediatric
[40,41]
patients
. This should confirm a higher likelihood of
complications for patients with UC.
Functional outcome is acceptable with a wide
variability of outcomes in different literature reports.
[42]
Stavlo et al
has reported normal continence in
100% of patients in 2003 and Wewer in less than 50%
[43]
of patients in 2005 . This wide range of results is
difficult to explain. Though, most surgeons report a
relatively high incidence of soiling, urge incontinence
and night-time faecal continence issues in the long
[18,19,42-44]
term
. All these issues must be acknowledged
to families approaching surgery for PIBD in order to
achieve a better education and participation in the long
term care of their relatives.
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Figure 1 J-pouch is fashioned through the stoma site with a linear stapler.

Figure 3 Surgeon can end up with a four-ports procedure using
a SILS ® device and the ports sites used for the previous laparoscopic
subtotal colectomy.
[47]

Figure 2 SILS® device can be inserted in the stoma site to help with
the perirectal dissection during the J-Pouch Ileo-Rectal restorative
anastomoses procedure.

Perianal fistulising CD - minimally invasive surgical
options

Since no effective and definitive therapeutic option
have been identified for the treatment of perianal
disease in children with CD but the need for reduced
[45]
trauma and sphincters preservation , the issue of
perianal abscesses and fistula remains difficult to deal
with and extremely troublesome both for the patient
and the care-giver. In 2013 the World Congress of
Gastroenterology implemented shared guidelines
and therapeutic options for the medical and surgical
management of perianal fistulising CD. The most
important aspect is to appropriately select patients
for surgery. On this regards, it is widely accepted
that surgery for fistulising CD should be used only
following complete mucosal healing and no active
[46]
disease . Those patients with perianal fistulising CD
and healthy rectal mucosa are amenable of various
surgical options, namely fistulotomy, biological plugs,
fibrin glue, advancement flaps, fistula resections
(including the so-called “cone-like” resection), stem
[46]
cells and gracilis muscle interposition . Only some of
them can be considered as truly minimally invasive,
namely biological plugs, fibrin glue and stem cells
based therapy. In particular, the promising fibrin glue
treatment showed results similar to those obtained
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with other established surgical treatment . Although
stem cells based therapy proved to be similarly
effective, its healing rate of roughly 80% showed a
[46]
dramatic decrease to nearly 30% over time .
[45]
Recently, Meinero et al
described an innovative
and minimally invasive technique for the treatment
of anal fistula, named Video Assisted Anal Fistula
Treatment. Though based on a small series of
[48]
patients, Schwandner
showed the feasibility of this
approach in fistulising CD and the possibility to treat
transphincteric, suprashpincteric and rectovaginal
fistulae with little to no complications and minimal
discomfort. Although results are based on only 11
patients, over 80% success rate and absent continence
deterioration are promising aspects for this innovative
technique.

PERSONAL SERIES
Between January 2006 and December 2014 (9 years)
a total of 104 laparoscopic procedures (98 primary
laparoscopy, 6 reoperations for complication) were
performed in 61 patients with PIBD. Diagnoses
included 39 UC, 20 CD and 2 IBD-U.
Indications to surgery for patients with UC were
mostly represented by haemorrhagic colitis, followed
by failure of medical treatment and intestinal obstruc
tion/stricture.
Forty-five patients underwent laparoscopic subtotal
colectomy (LSTC) and 38 laparoscopic J-Pouch IleoRectal restorative Anastomoses (JPIRA) (Figures
1-3 illustrate our JPIRA technique according to what
[38]
previously published ). In 41 patients LSTC was
associated to a protective temporary ileostomy. Four
patients underwent LSTC along with JPIRA in a single
stage procedure. Definitive ileostomy closure was
accomplished in 38 patients.
Fifteen laparoscopic segmental resections have
been performed in patients with CD. Two patients
required conversion to laparotomy due to the
extremely difficult mobilization and manipulation of
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Table 2 Personal series of paediatric inflammatory bowel disease treated laparoscopically

Patients
Males
Females
Age at surgery (yr)
Indications
Haemorrhagic colitis
Failure of treatment
Obstruction/strictures
Other
Procedures
LSTC
Median operative time (min) (range)
Median length of hospitalization (d) (range)
JPIRA
Median operative time (min) (range)
Median length of hospitalization (d) (range)
Segmental resection
Median operative time (min) (range)
Median length of hospitalization (d) (range)
Complications (18 events), n (%) of procedures
Stoma-related issues (6 events), n (%) of procedures)

UC

CD

IBD-U

Overall

39

20

2

61
25
36
9.5 (1.1-20.2)

26
13
0
0

3
3
13
11

2
0
0
0

31
16
13
1

39

4

2

38

0

0

0

15

0

8 (13)
4 (11)

4 (30)
1 (33)

1 (50)
1 (50)

45
215 (80-350)
8.5 (3-11)
38
195 (130-260)
3.5 (2-11)
15
145 (85-205)
7 (2-15)
18% of procedures
14% of procedures

M:F ratio 0.7:1

Overall 98 procedures

P = 0.08062
P = 0.63223

1

Pelvic abscess due to fistulising CD; 2Statistical analysis was performed to compare the prevalence of complications in CD and UC; 3Statistical analysis was
performed to compare the prevalence of complications related to the stoma (14.3%) and that of complications related to other aspect of surgery (12.2%).
Overall, we performed 98 primary laparoscopic procedures and 6 laparoscopic management of surgical complications. Complications were experienced by
21% of our patients following 18% of procedures. Though without statistical significance, complications were more likely to occur in patients with CD when
compared to those with UC (30% vs 13%). UC: Ulcerative colitis; CD: Crohn disease; IBD-U: Inflammatory bowel disease - unclassified; LSTC: Laparoscopic
SubTotal colectomy; JPIRA: J-Pouch Ileo-Rectal restorative anastomosis.

the inflamed and fragile small bowel. Twelve of these
procedures were either ileo-colic resections or right
hemicolectomies, all with extracorporeal anastomoses
except one that was totally intracorporeal performed.
Three were segmental small bowel resections with
extracorporeal anastomoses. See Table 2 for details.
A total of 18 complications requiring some sort of
surgical intervention were experienced by 13 patients
(21% of patients being 8 UC, 4 CD and 1 IBD-U).
Patients with UC experienced 4 bowel obstruction (all
dealt with laparoscopically), 2 anastomotic leaks, 1
endoperitoneal bleeding, 1 anastomotic stricture, 1
ileostomy prolapse, 1 J-pouch prolapse (treated by
laparoscopic pouch-pexy). Complications occurred
after an average of 2 years postoperatively (range 1 d
- 4 years). Patients with CD (20% of patients, 30% of
overall procedures) experienced 2 anastomotic leaks,
1 bowel obstruction due to anastomotic stricture, 1
anastomotic leak, 1 pelvic abscess, and 1 ileostomy
prolapse. Complications occurred after an average
of 52 d postoperatively (range 3-240 d). One patient
with IBD-U experienced enterocutaneous fistula at the
stoma site.
Long term outcome is being assessed and ex
haustive data are now available only for a minority
of patients (10 out of 38 who underwent JPIRA, as
previously published) with a minimum follow up of 15
mo with satisfactory results in terms of continence,
[19]
perspectives and cosmetic results .
With regard to perianal fistulising CD we routinely
apply the so called “cone like resection” with mucosal
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advancement flaps, which proved to be effective in
solving fistulae with promising results. We recently
adopted the VAAFT procedure to treat perianal fistula
in patients without CD and this minimally invasive
approach proved to be feasible and safe in the
pediatric population (unpublished data). We now aim
at applying this approach to a selected subpopulation
of perianal fistulising CD that would benefit of this
minimally invasive treatment.
All in all, our experience is in line to what previously
published in international literature and confirms
the feasibility, safety end effectiveness of minimally
invasive surgery for PIBD. Though, complications can
still occur and can involve roughly 20% of our patients.
Of note, in contrast to what previously published,
we observed a higher likelihood of complications in
CD (Table 2) but this difference proved not to be
statistically significant and deserves a larger series of
patients to be confirmed. Anyway, families must be
acknowledged on this regard.

CONCLUSION
Advances in surgical treatment of PIBD are striking
and include the use of “conventional” laparoscopy,
single-incision laparoscopy, robotic surgery and other
minimally invasive approaches. Overall technical
details and indications do not significantly differ
between adults and children. In fact, minimally
invasive surgery have been adopted either in the
elective or emergency setting thanks to incidence of
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complications that proved not to significantly differ
from that of conventional open surgery but shorter
[49]
hospitalization and fewer long term sequelae .
According to literature review and personal experience,
we can provide good results since indications are
based on widely accepted international standards and
surgery performed by highly experienced surgeons
in third level hospitals. Minimally invasive surgery
and fast-track concept of care have been confirmed
to fit with PIBD management though a number of
problems still occur. In fact, our extensive literature
review showed an average incidence of complication
of nearly 30% thus confirming the measure of risk for
this surgery. On the grounds of these considerations,
parents should be adequately acknowledged regarding
the risk-benefit ratio of surgery in these highrisk cases. A strict cooperation between surgeons,
gastroenterologists, anaesthetists and pathologists is
thus required in a multidisciplinary approach to serve
the best for our patients.
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Abstract
The intestinal microbiome is a dynamic system of
interactions between the host and its microbes.
Under physiological conditions, a fine balance and
mutually beneficial relationship is present. Disruption
of this balance is a hallmark of inflammatory bowel
disease (IBD). Whether an altered microbiome is the
consequence or the cause of IBD is currently not fully
understood. The pathogenesis of IBD is believed to be
a complex interaction between genetic predisposition,
the immune system and environmental factors. In
the recent years, metagenomic studies of the human
microbiome have provided useful data that are
helping to assemble the IBD puzzle. In this review,
we summarize and discuss current knowledge on the
composition of the intestinal microbiota in IBD, hostmicrobe interactions and therapeutic possibilities using
bacteria in IBD. Moreover, an outlook on the possible
contribution of bacteriophages in the pathogenesis and
therapy of IBD is provided.
Key words: Microbiota; Inflammatory bowel disease;
Gut; Bacteriophages; Bacterial therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel diseases (IBD) are chronic
disorders of the gastrointestinal tract, with multifactorial pathogenesis, which affect millions of people
worldwide and have a rising incidence. Dysbalanced
intestinal microbiota is an important feature of IBD.
The relationship between dysbalanced microbiota and
IBD is not fully uncovered. We are only beginning to
appreciate the role of microbiota in the pathogenesis,
progression or prognosis of IBD. In this review, we
deal with the composition of gut microbiota, microbehost interactions, therapeutic potential of bacteria and
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discuss the possible roles of bacteriophages in IBD.

MICROBIOTA AND IBD

Babickova J, Gardlik R. Pathological and therapeutic interactions
between bacteriophages, microbes and the host in inflammatory
bowel disease. World J Gastroenterol 2015; 21(40): 11321-11330
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11321.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11321

INTRODUCTION
Inflammatory bowel disease (IBD) is a term describing
chronic inflammatory diseases of the gastrointestinal
tract with a complex etiology caused by various
[1]
genetic, immunological and environmental factors .
IBD refers to ulcerative colitis (UC) and Crohn’s
disease (CD), which are diseases of the digestive tract
with similar clinical, pathological and epidemiological
features. They are characterized by recurrent episodes
of disease exacerbations with associated abdominal
pain, diarrhea, weight loss and rectal bleeding. It
estimated that IBD currently affects more than 1
million people in the United States and 2 million people
[2,3]
in Europe, with a rising incidence .
14
The healthy adult intestine contains about 10
bacteria, a count that is 10x more than the total
number of human cells. The total reported number
of different bacterial strains in the human microbiota
[4,5]
varies with regard to detection method used . Recent
data have suggested, that the intestinal microbiome
comprises approximately 200 strains of bacteria,
[6,7]
representing more than 100 bacterial species
.
Advances in metagenomics have uncovered the
complexity of this system. More than 90% of these
bacterial species fall into three phyla - Firmicutes,
[8]
Bacteroidetes and Proteobacteria .
The gastrointestinal (GI) tract and its microbiome
represent a dynamic and mutually beneficial rela
tionship that is thought to be a major determinant
of health and disease. The intestinal immune system
provides protection to prevent the penetration of an
excessive amount of intraluminal bacteria into the
systemic circulation. Commensal bacteria activate
homeostatic processes based on molecular responses
driven by epithelial cells, macrophages, dendritic cells,
and T and B lymphocytes that mediate the coexistence
[6]
with microbes and their products . The gut provides
nutrient rich environment for the microbiota, which
in turn offers a huge diversity of metabolic functions
that include digestion and absorption of non-digestible
substrates, a barrier effect against pathogenic
microbes and modulation of immune reactions.
Disruption of this fine homeostasis on a certain level
might lead to the chronic inflammation present in IBD,
and also in other chronic inflammatory diseases.
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Recently, microbial profiles at various stages of colitis
have been described and characterized that depend
on the time and location within the gastrointestinal
[9]
tract . It is not yet entirely clear whether changes
in the composition of the microbiota are the cause
or consequence of inflammatory processes in the
intestinal tissue. The most consistent change observed
among the vast majority of IBD patients is a decrease
in intestinal microbiota diversity, with slightly different
findings between CD and UC patients. In CD, a
decrease in Firmicutes is often observed, including
butyrate-producing bacteria such as Faecalibacterium
prausnitzii. This leads to the overproduction of pro[10]
inflammatory cytokines and downstream events . In
UC, several other groups of bacteria besides butyrateproducing Firmicutes are often reduced, including
Bacteroides and Clostridium genera. On the other
hand, Enterococcus and Gammaproteobacteria are
found in higher amounts in fecal samples from UC
[11]
patients . However, the presence and abundance of
specific bacterial species vary with disease activity and
the site of sampling (fecal vs biopsy specimens).
Moreover, patterns of gut microbiome dysbiosis in
IBD are inconsistent among published studies. A study
[12]
by Gevers et al
defined a correlation between a
specific microbial pattern and disease status. Samples
were collected from multiple locations throughout the
GI tract from treatment-naïve pediatric CD patients.
The authors concluded that, in the early stages of
disease, assessing the rectal-mucosal associated
microbiome provides high-value information for a
convenient and early diagnosis of CD. In addition, it
is known from animal experiments that the presence
of specifically altered (procolitic) intestinal microbiota
has a direct correlation with the development of colon
cancer associated with colitis (colitis-associated cancer
[13]
- CAC) . Such targeted change in the microbiota
(dysbiosis), leading to an increased risk of both, colitis
and CAC, is reversible and transmissible to another
[14]
individual . In this study, dysbiosis-associated disease
risk was communicable via the gut microbiota to wildtype mice and reciprocal microbiota transplantation
reduced disease risk in predisposed mice and led to
long-term changes in the gut microbiota composition.
Moreover, recent results suggest that intestinal
tumorigenesis mediated by bacterial dysbiosis may
be communicable through the microbiota among
[15]
individuals with a genetic predisposition . These
studies highlight the potential of preventive and
therapeutic manipulation of the intestinal microbiota.
Patients with IBD are at increased risk of developing
colorectal cancer and the risk increases with the
duration and extent of colitis, positive family history
and the degree of inflammation. The pathogenesis of
CAC is multifactorial; the key factors are the mucosal
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inflammatory response, the presence of oxidative
[16]
stress and the intestinal microbiota . Some bacterial
species of natural microbiota have a protective effect
and conversely some contribute to the formation of
CAC. The protective function is attributed to probiotic
bacteria, which also have a stabilizing effect on the gut
flora with the potential to reduce the pro-inflammatory
response and thus the risk of development and
[13]
progression of colitis and related cancer . This
effect is even transmissible to wild-type mice, which
thus obtained reduced susceptibility to chemically
[17]
induced colitis . It only remains to be seen whether
a dysbiotic state is enough to trigger IBD, which is a
major risk factor for CAC. However, it seems that the
licensing of dysbiotic microbiota is a key component of
disease development. Therefore, manipulation of the
gut microbiota certainly brings many opportunities for
therapeutic intervention in IBD and CAC.
The whole situation is complicated by the fact that
susceptibility to IBD mediated by specific bacterial
[18]
microbiota also depends on a special diet . This effect
is not present in germ-free mice without a natural
intestinal microbiota and in mice with a sterilized gut
following antibiotic treatment. The absence of an
intestinal microbiota thus has a protective effect on
the formation and development of colitis and related
[13]
cancer . In our preliminary experiments, we found
that sterilization of the bowel using antibiotics improves
subsequent colitis and enhances the therapeutic effect
[19]
of orally administered bacterial vectors . Although
the natural intestinal flora potentiates and promotes
chronic inflammation and tumorigenesis, some authors
suggest that it can also have the opposite effect that it limits and reduces chemically induced damage
and reduces inflammatory reactions that lead to the
[20]
development of tumors in the colon . Recolonization
of germ-free mice with natural microbiota has been
shown to decrease tumorigenesis. As with colitis, a
significant change in the composition of the intestinal
flora has been described in models of colorectal
[21]
cancer .
The intestinal microbiota is a major component
of several physiological processes, including the
regulation of body weight and related metabolic
balance, the immune system and epithelial cell
responses. In recent years, a growing amount of
knowledge has been published about the key role
of the intestinal microbiota in the pathogenesis of
a number of disease conditions, including obesity,
cardiovascular diseases, multiple sclerosis, rheumatoid
arthritis, diabetes, metabolic syndrome, chronic liver
damage and growing evidence suggests chronic
[6,22-25]
lung and kidney disease as well
. Furthermore,
it is clear that the presence of a specific intestinal
microbiota and interactions between the microbiota
and the host organism (its immune system) are
crucial for the successful treatment of certain
diseases, including cancer, which is not even directly
[26]
located in the gastrointestinal tract ; thus, the gut
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microbiota affects inflammation and immunity locally
at the mucosal level as well as systemically. In this
study, antibiotic-treated and germ-free mice showed
significantly reduced tumor regression and survival
after immunotherapy compared with control mice with
natural gut microbiota. This effect was clearly based on
decreased bacterial load leading to lower expression of
TNF-α in tumors. Moreover, individual bacterial species
have been identified that positively (Alistipes shahii)
or negatively (Lactobacillus fermentum) correlate with
TNF-α expression in tumors leading to an improved
or worsened tumor response to immunotherapy,
respectively. This study provided convincing evidence
of the crucial influence of commensal bacteria on
the therapeutic efficiency in systemic and distantsite diseases and identified individual members of the
microbiota that can modulate this effect.

Mechanisms of host-microbe
interactions in IBD
There is no question that interactions between
microbes and the host play a central role in the
development and severity of IBD. A growing body of
experimental and clinical evidence has shown that
IBD results from a dysregulated immune response
to components of the normal gut flora in genetically
susceptible individuals. Less is known about the
mechanisms of such interactions. However, it is
well-known that bacterial exposure is crucial for the
development of colitis. In animal studies, genetically
engineered mice developed spontaneous colitis when
raised under standard conditions, but remained
colitis-free when they were housed in germ-free
[27]
conditions . Moreover, it has been shown that
antibiotic pretreatment seems to protect standard mice
[19]
from the development of chemically induced colitis .
Similarly, antibiotic treatment has also been shown to
[28]
be beneficial in a subset of IBD patients .
Lower temporal stability and reduced diversity
of the microbiota along with a lower proportion of
Gram-positive and a higher proportion of Gramnegative bacteria is frequently reported in IBD patients
compared with healthy subjects. In a subset of IBD
patients, certain bacterial strains with specific features
promote the disease. However, the exact nature
of host-microbe interactions that contribute to IBD
development has not been assessed for the majority
[29]
of IBD patients . Apart from experimental studies on
animal models of IBD, large genome-wide association
studies (GWAS) may provide a relevant clue to explain
this complex relationship between host genetic factors
and the microbiome. A large meta-analysis was
published that described an “IBD genome”, i.e., the
possible causal genes that point to an essential role
for host defense against infection in IBD. These genes
are involved in defective processing of intracellular
bacteria (NOD2, ATG16L1, IRGM), epithelial barrier
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Figure 1 Host-bacteria interactions. A: In the healthy gut, both commensal and pathogenic bacteria reside in the outer layer of the intestinal mucous layer without
coming into direct contact with epithelial cells. The inner layer contains abundant antibacterial peptides and secreted antibodies that prevent the invasion of bacteria.
Pathogenic bacteria are eradicated by various mechanisms. Commensal bacteria secrete various molecules that help to maintain the intestinal barrier, activate cell
survival pathways and suppress inflammatory responses. Epithelial cells form a continuous, selectively permeable layer connected by intercellular junctions. The
lamina propria contains only a few resident immune cells; B: In inflammatory bowel disease, the mucous layer is reduced and contains fewer antimicrobial peptides
and secretory antibodies. The abundance of commensal bacteria is reduced in favor of pathogenic bacteria and both types enter the inner mucosal barrier and interact
directly with epithelial cells. Some epithelial cells undergo cell death and disruption of the epithelial barrier occurs. Cell components are released and trigger further
inflammation. Disruption of the epithelial barrier enables bacteria to invade the submucosa and recruit inflammatory cells. Finally, chronic inflammation develops. A
dysbalanced immune system leads to the production of antibodies recognizing both commensal bacteria (and further reduce their numbers) and cells of the host,
leading to further tissue destruction and inflammation, creating the “circulus vitiosus” typical for inflammatory bowel diseases.

function (HNF4A, CHD1, LAMB1), antigen presentation
(HLA-DQA1) and inflammatory mediator production
(TNFRSF14, TNFSF9, IL1R2, IL7R). These data
confirm the key role of the interaction between the
host mucosal immune system and microbes, both at
the epithelial cell surface and within the gut lumen.
Specifically, the study raises the question of what
triggers components of the commensal microbiota to
switch from a symbiotic to a pathogenic relationship
[30]
with the host .
There are a number of proposed mechanisms by
which the intestinal microbiota interacts with the host
[31]
cells , yet no definite explanation has been generally
accepted. It has been found that the molecules
secreted from bacteria can enter intestinal cells via
transporters or endocytosis, and that they activate
cell survival pathways. These findings indicate that
the interactions between the gut microbiota and host
cells are mediated, at least partly, by membrane
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[32]

transport systems . In IBD, membrane function
is frequently compromised, thus leading to an
altered flow of information from beneficial as well as
pathogenic members of gut microbiota. This, along
with other processes of IBD pathogenesis, results in
the complex clinical appearance of the disease. In
general, four mechanisms have been proposed that
drive pathogenic immunologic responses to luminal
bacteria: (1) bacterial pathogens; (2) dysbiosis of
commensal bacteria; (3) host genetic factors; and
[33]
(4) defective host immunoregulation . A scheme
summarizing possible interactions between bacteria
and components of the GI tract in health and IBD is
depicted in Figure 1.

Bacterial therapy of IBD
Although the interaction between the host and
intestinal microbiota seems to play essential role in
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IBD pathogenesis, standard therapeutic approaches
for treating IBD are typically based on suppression of
the host immune response; these drugs mainly consist
of 5-aminosalicylates, corticosteroids, thiopurines
[34]
and biologicals . Since a significant amount of
IBD patients do not achieve clinical remission
after conventional therapy, there is a legitimate
need for new therapeutic approaches. Targeting
IBD-related microbial dysbiosis can represent an
attractive new alternative for IBD therapy. Therapies
based on restoration of the intestinal microbiota
that have been successfully used in IBD patients
include fecal microbiota transplantation, probiotics,
prebiotic antibiotics, helminth therapy and dietary
[8]
polyphenols . The use of antibiotics, probiotics,
prebiotics and synbiotics in IBD patients has been
[35]
extensively discussed in the literature . Such
selective manipulation of the intestinal microbiota has
been evaluated as an attractive therapeutic option with
few adverse effects.
The number of clinical trials that investigated
the role of probiotics in IBD remains relatively low.
The most extensively tested probiotic preparations
include Escherichia coli (E. coli) Nissle 1917 and
VSL#3 - a highly concentrated mixture of four
strains of Lactobacillus (L. casei, L. plantarum, L.
acidophilus and L. delbrueckii subsp. bulgaricus),
three strains of Bifidobacterium (B. longum, B. breve
and B. infantis) and one strain of Streptococcus (S.
salivarius subsp. thermophilus). The published results
clearly indicate that both the multispecies probiotic
VSL#3 and E. coli Nissle 1917 can be as efficient
as standard pharmacotherapy, but only in UC (both
for active disease as well as to induce and maintain
remission). On the other hand, results from CD trials
[33,36,37]
are disappointing
. The differential effect of
probiotic preparations in UC vs CD indicates that IBD
is a multifactorial disease with considerable variety in
terms of phenotypes and severity.
Probiotic intestinal strains may provide their
benefit in various pathological conditions and through
different molecular mechanisms. One of these
mechanisms which has been recently proposed could
be reprogramming of cells in the intestinal wall into the
state of pluripotency and subsequent differentiation
into a phenotype resistant to pathological factors
[38]
causing the disease . In our experiments, we
showed that dedifferentiation of intestinal cells during
the development of colitis may result in resistance
of these cells to adverse inflammatory events and
ultimately give rise to new and fully functional healthy
intestinal tissue. This hypothesis was first formulated
theoretically and then supported by the results from a
[19,34,39]
simple experiment
.
Novel therapeutic modalities based on the restora
tion of intestinal homeostasis include fecal microbiota
transplantation (FMT), an approach based on the
transfer of a stool suspension obtained from a healthy
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person into the GI tract of diseased patient. FMT
restores essential components of the microbiota
which could reverse the inflammatory processes
observed in IBD. FMT may possibly restore intestinal
microbial homeostasis, and preliminary data have
shown the clinical efficacy of FMT on refractory IBD or
[35,40]
IBD combined with Clostridium difficile infection
.
Although the evidence is still limited, the majority
of the studies confirmed the efficiency of FMT in the
[37]
therapy of IBD . Recently, a meta-analysis of clinical
studies was performed to evaluate the efficacy of FMT
[41]
as a treatment for IBD . Overall, 45% (54/119) of
IBD patients achieved clinical remission during followup. Subgroup analyses demonstrated clinical remission
2
of 22% (95%CI: 10.4%-40.8%) for UC (P = 0.37; I
= 0%) and 60.5% (95%CI: 28.4%-85.6%) for CD
2
(P = 0.05; I = 37%). However, more clinical studies
have to be performed before FMT can become a part
of standard medical care for IBD patients. Randomized
controlled trials are currently ongoing that will shed
more light into this topic, including an assessment of
the long-term consequences of FMT such as infection,
cancer, auto-immune and metabolic diseases.
Bacteria as vectors in gene therapy have been
known for a long time and have a wide range of action
[42]
and spectrum of use . Partly justified concerns about
the possible pathogenicity slowed their use in the
clinic and in the experiment. This problem has been
largely overcome by modern genetic engineering.
Currently available strains are genetically modified
to have reduced and strictly defined virulence, which
allows them to enter cells in the target tissue while
maintaining safe conditions. Bacterial vectors are
especially appropriate for IBD therapy thanks to their
natural ability to persist in the intestinal environment.
Such bacterial therapy of IBD was first successfully
applied more than a decade ago, when the bacterium
Lactococcus lactis was administered in murine colitis
[43]
found to secrete interleukin-10 (IL-10) . Similar
results were obtained in our experiment where
we used recombinant probiotic strains of E. coli
Nissle 1917 and L. lactis, which secreted IL-10 as a
[44]
treatment for chemically induced colitis . Numerous
other studies have confirmed the validity of the
bacterial approach in IBD using different combinations
[45-50]
of vectors and therapeutic genes
. Moreover,
various bacterial strains have been successfully used
[51]
for the treatment of cancer . Our results indicate
that sterilization of the intestine using antibiotics (the
absence of gut microbiota) improves colonization of
the gut by administered bacterial vectors and thus
enhances the transfer of genes into the intestine using
[19]
these bacterial vectors . New therapeutic strategies
can be expected based on oral administration of
genetically engineered live microorganisms producing
or delivering anti-inflammatory or other novel agents
into the target (intestinal) tissue.
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Figure 2 Putative contribution of bacteriophages to regulation of the intestinal bacteria - a simplified scheme. A: In the healthy gut, bacteriophages might
increase the fitness of commensal bacteria by the delivery of genes with environmental benefit or contribute to reduction of the pathogenic bacteria. Moreover, phages
directly interact with the glycoproteins of the mucous layer and provide protection against invading bacteria. In some healthy individuals, phages have been detected
in the circulation, suggesting the possibility that they cross the intestinal epithelial barrier; B: In inflammatory bowel disease, more phages are found in the mucous
layer. Higher numbers of phages may be involved in reducing the amount of commensal bacteria, and may drive the transfer of genes with environmental benefit to
pathogenic bacteria. Due to the reduced mucosal layer, phage interactions with mucosal glycoproteins may be reduced. Moreover, disruptions in the epithelial barrier
might lead to the migration of many phage particles into the lamina propria or even the circulation. In the lamina propria, phages may serve as a local trigger of the
immune response. After translocation to the systemic circulation, a systemic immune response might occur.
[56]

Bacteriophages and IBD
Recent studies have suggested that examination of
the gut microbiome should not focus solely on the
bacterial composition. Bacteriophages (or phages)
are viruses that infect bacteria, but not eukaryotic
15
cells. It is estimated that the human gut contains 10
[52]
bacteriophages , which accounts for approximately
8
9
[53]
10 -10 bacteriophages per gram of human feces .
The colonization of the gut by bacteriophages
increases rapidly after birth, as infant feces contain
8
10 phage particles per gram of feces at the age of
[54]
1 wk . Analysis of the human phage microbiome
(phageome) from a fecal sample showed both phages
and prophages (phage genomes incorporated in the
bacterial genome) being present, while prophages
[55]
contribute to approximately 28% of all phages .
Three dominant families from the order Caudovirales
(Siphoviridae, Myoviridae and Podoviridae) have been
shown to be the most abundant phages in the intestinal
tissue, as confirmed by both electron microscopy in
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intestinal tissue
and by the metagenomic approach
[57]
in intestinal tissue and gut wash . These three
families have been confirmed by other metagenomic
analyses, with the addition of the family Microviridae
[55]
in the feces . On the other hand, the metagenomic
approach showed that the majority of identified phage
sequences are not yet identified (annotated sequences
that do not exist in the databases), meaning that more
exact information on individual phages in the gut is yet
[52]
to be discovered . This interest is further supported
by the fact that, recently, phages have been shown to
[58]
be a substantial player in mucosal immunity .
Although studies dealing with bacteriophages and
IBD are rather scarce, several studies have already
described differences in the phage population between
CD patients and healthy individuals, both in children
[56,57,59]
and adults
. The diversity of phage genomes
was found to be lower in the feces of CD patients
[59,60]
than in healthy individuals
. Interestingly, in
the mucosa, CD patients were found to have more
detectable bacteriophages than healthy individuals,
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but the ulcerated mucosa had a lower phage count
[56]
than unaffected mucosa . Whether an ulcerated
mucosa has more or less bacteria than non-ulcerated
parts of the gut is not entirely clear, as some studies
suggest no differences between non-ulcerated and
[61]
ulcerated mucosa
and some show less bacteria in
ulcerated than in non-ulcerated parts of the mucosa in
[62]
IBD patients . Fewer bacteriophages could support
the model with less bacteria, but this has yet to be
determined. This is further complicated by the fact that
phages directly interact with mucosal glycoproteins
and thus their abundance in the gut is not entirely
[58]
dependent on the bacteria present . In feces, the
relative amount and diversity of bacteria are decreased
[60]
in IBD . The study also showed an inverse correlation
between Caudovirales and Microviridae in healthy
individuals, as well as CD and UC patients. However,
significantly higher amounts of Caudovirales compared
to Microviridae were observed only in UC patients.
Given the abundance of phages in the gut, they
likely substantially influence the abundance and
diversity of bacteria in IBD. The mechanisms by which
bacteriophages modulate the actual bacterial flora
in the gut are likely multifactorial (Figure 2). Phages
substantially contribute to the genetic variability of
bacteria by horizontal gene transfer and increasing
[63]
of the mutation rate . Either way, they substantially
[64]
influence bacterial fitness
and very likely modulate
their behavior in IBD. For example, prophages carrying
genes encoding antibiotic resistance may act either as
procolitic factors, when incorporated into pathogenic
bacteria, but may be beneficial when incorporated into
probiotic bacteria. Also, stress-induced activation of
a prophage dormant in commensal (or pathogenic)
bacteria might lead to activation of its lytic cycle
and subsequent reduction of the amount of the host
bacteria. The vacated environmental niche might be
then replaced by pathogenic (or commensal) bacteria
with procolitic (or anti-colitic) effects. On the other
side, an increase in a certain bacterial strain might
lead to increased chance of infection by a specific
phage. This is further supported by the fact that CD
patients have higher amounts of bacteriophages
[56]
with less diversity , suggesting a regulatory role for
[55]
bacteriophages in a host-predator manner . On the
other hand, the number of bacteriophages may not
[60,65]
necessarily correspond to the amount of bacteria
.
Due to the coat proteins of bacteriophages, their
effects on IBD could be also immunomodulatory.
It has been shown that some phages are able to
[66]
cross the mucosal barrier and stimulate immunity .
Although the available information is rather scarce,
phages have been found to modulate both cellular
[66]
and humoral immunity , but the mechanisms are
[67]
largely unexplored . In IBD, this effect might be
further enhanced due to increased permeability of
the intestinal mucosal barrier. Several studies have
shown the presence of phages (“phagemia”) in the
[66]
bloodstream of healthy individuals
and one study
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has shown phagemia (mycobacteriophages) in
[68]
patients with CD . This study did not show significant
differences in the total amount of phages between
healthy subjects and patients with IBD. However, it
should be mentioned that the study was performed
in the early 1970s and the only detection method
available was based on phage titering. Metagenomic
approach might provide more information in this
subject. Finally, the lytic cycle of phages is followed
by lysis of bacterial cells leading to release of
macromolecules such as proteins, lipids and nucleic
acids which may trigger the immune response and
[60]
promote inflammation .
In recent years, phage therapy has re-gained
attention as a therapeutic approach to combat
[69]
bacterial infections . For IBD patients, this approach
could possibly reduce the number of specific diseaseassociated bacterial strains without a direct negative
effect on commensal bacteria. Moreover, metagenomic
studies unveiling the “phageome” of the gut of IBD
patients might help to develop new strategies or
screening methods for the prediction of disease
progression, and/or serve as a prediction tool for
choosing the optimal therapeutic strategy. On the
other side, in light of recent findings focused on phages
and their putative role in IBD, especially those that do
not depend on bacteria, further studies on safety and
efficacy are necessary.

CONCLUSION
The pathogenesis of IBD involves several key
processes, including disturbed activation of the
mucosal immune system driven by abnormal intestinal
microbiota in genetically predisposed individuals.
Systematic shifts in the gut microbiome structure and
function have been observed in patients with IBD,
compared with healthy individuals. However, there
are still no definitive microbial pathogens linked to the
[70]
onset and development of IBD . An overview of the
literature has been provided that describes the causes
of dysbiosis and the mechanisms evolved by the host
[71]
to prevent these changes to community structure .
Nevertheless, results from previous studies indicate
that the taxonomic composition of the microbiome can
differ substantially between subjects with the same
disease and, thus mere taxonomic characterization
might not be sufficient to fully uncover the relationship
between the microbiome and IBD. A more relevant
and up-to-date method of studying the interactions
between microbes and disease seems to be the
analysis of microbiome biological properties (functional
analysis). Altered intestinal tissue along with microbial
dysbiosis both result into significant metabolic shifts
[72]
within the intestinal microenvironments in IBD . The
Integrative Human Microbiome Project (iHMP) is an
ongoing multi-omic longitudinal study focused on (1)
explaining how the intestinal microbiome may trigger
disease activity in IBD; (2) determining if the microbial
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composition predicts the risk of exacerbations; and
(3) testing whether a successful therapeutic response
[73]
can be predicted from the stool microbiota . Such
an approach should provide a complex view on the
dynamics of host-microbiome interactions and link
them to specific disease states, including IBD. One
of the challenges that have to be addressed is the
timing of the administration of bacterial therapeutics.
Unlike animal models, most IBD patients are treated
after the appearance of serious symptoms, i.e., after
the diagnosis of IBD. Therefore, the therapeutic effect
might be more variable, insufficient or prone to failure.
Nevertheless, ever-growing knowledge about the
transmission potential of the healthy gut microbiome
supports the rationale of preventive manipulation of
the gut microbiota even before the diagnosis and onset
of symptoms.
In conclusion, we predict that rigorous gut microbiota
profiling will soon become a part of complex phenotypic
analysis in IBD patients. Moreover, interventions
targeting the microbial composition (including FMT,
bacterial gene therapy, synthetic and multimicrobial
microbiota substitutes) and the correct timing of these
procedures will define the future directions in the field
of IBD.
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Abstract
In the last 15 years the management of inflammatory
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bowel disease has evolved greatly, largely through the
increased use of immunomodulators and, especially,
ant i-t umor ne c rosis fac t or (ant i-TN F ) bio l o g i c
agents. Within this time period, confidence in the
use of anti-TNFs has increased, whilst, especially in
recent years, the efficacy and safety of thiopurines
has been questioned. Yet despite recent concerns
regarding the risk: benefit profile of thiopurines,
combination therapy with an immunomodulator
and an anti-TNF has emerged as the recommended
treatment strategy for the majority of patients with
moderate-severe disease, especially those who are
recently diagnosed. Concurrently, therapeutic drug
monitoring has emerged as a means of optimizing
the dosage of both immunomodulators and antiTNFs. However the recommended therapeutic target
levels for both drug classes were largely derived from
studies of monotherapy with either agent, or studies
underpowered to analyze outcomes in combination
therapy patients. It has been assumed that these
target levels are applicable to patients on combination
therapy also, however there are few data to support
this. Similarly, the timing and duration of treatment
with immunomodulators when used in combination
therapy remains unknown. Recent attention, including
post hoc analyses of the pivotal registration trials, has
focused on the optimization of anti-TNF agents, when
used as either monotherapy or combination therapy.
This review will instead focus on how best to optimize
immunomodulators when used in combination therapy,
including an evaluation of recent data addressing
unanswered questions regarding the optimal timing,
dosage and duration of immunomodulator therapy in
combination therapy patients.
Key words: Inflammatory bowel disease; Thiopurines;
Drug monitoring; Tumor necrosis factor-alpha; Com
bination therapy
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Core tip: Clinicians managing inflammatory bowel
disease frequently have to decide whether to use antitumor necrosis factor (anti-TNF) therapy alone or in
combination with immunomodulators (IM), which
requires an assessment of patient factors and the
risk/benefit profile of each treatment strategy. Once a
decision is made to use combination therapy, questions
on how best to optimize IMs must be addressed.
Thiopurines, rather than methotrexate, (MTX) are more
efficacious and easier to administer, whereas in certain
population groups, MTX may be safer. The effective
dose of IM may be lower in combination therapy and
combination therapy is probably most important in
the first 12 mo of treatment. Withdrawing IMs is best
done when the patient is in deep remission, ideally
supported by the use of therapeutic drug monitoring of
anti-TNFs.
Ward MG, Irving PM, Sparrow MP. How should immunomodulators
be optimized when used as combination therapy with anti-tumor
necrosis factor agents in the management of inflammatory bowel
disease? World J Gastroenterol 2015; 21(40): 11331-11342
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11331.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11331

INTRODUCTION
Inflammatory bowel disease (IBD) namely Crohn’s
disease (CD) and ulcerative colitis (UC), are
chronic inflammatory conditions characterized by
an exaggerated host immune response to an as
yet unidentified antigen, leading to relapsing and
remitting inflammation resulting in damage to the
gastrointestinal tract. Despite access to an expanding
therapeutic armamentarium with the arrival of gutspecific therapies such as vedolizumab and other novel
agents targeting key pro-inflammatory cytokines,
clinicians still largely rely on the conventional
immunomodulators, (IMs) azathioprine, (AZA) mer
captopurine, (MP) and methotrexate, (MTX) and/
or anti-tumor necrosis factor (anti-TNF) therapy,
(infliximab, (IFX) adalimumab, (ADA) certolizumab
pegol and to a lesser extent, golimumab) to treat
these diseases. Much has been learnt over the last
15 years of the relative risks and benefits of using
these agents, either alone or in combination, however
gaps in our knowledge remain as to how IMs are best
optimized once a decision has been made to combine
them with anti-TNF therapy. This review article begins
with a brief outline of the efficacy and safety issues
surrounding combination therapy (IM + anti-TNF) and
then draws on the available evidence to address some
of these unanswered questions (Table 1).
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Table 1 Summary and key points
Combination therapy (thiopurines with anti-TNF) is more efficacious
than either agent alone in thiopurine-naïve patients with IBD
Combination therapy confers an increased risk of adverse events, of
which NMSC, melanoma and lymphoma are the best studied
The benefit of combination therapy is probably due to both an
improvement in anti-TNF pharmacokinetics (reduced immunogenicity
and improvement in drug levels) and an independent effect of the IM
on disease activity
The pharmacokinetic benefits of combination therapy are most
important during the first 12 mo of therapy, but may persist beyond
this
The optimal dose of IM in this setting may be lower than that used for
IM monotherapy, however further studies are needed to confirm this
The risk of relapse after IM withdrawal is highest amongst patients
with active disease and positive biomarkers of inflammation or
unfavorable anti-TNF pharmacokinetic profiles
Withdrawal of IM should be considered in patients in deep remission
after a period of 12 (or perhaps 24 mo) of combination therapy
TNF: Tumor necrosis factor; IBD: Inflammatory bowel disease; IMs:
Immunomodulators; NMSC: Non-melanoma skin cancer.

Benefits of combination therapy
vs anti-TNF monotherapy
The arrival of IFX, and subsequently ADA, both
effective therapies for induction and maintenance
of remission for luminal and fistulizing CD and UC,
[1-9]
revolutionized the management of IBD . A common
issue faced by clinicians is under what circumstances
does combination therapy with an IM offer benefit over
anti-TNF monotherapy. Amongst IM naïve patients with
moderate-severe CD, the SONIC study (508 treatment
naïve CD patients randomized to AZA, IFX or com
bination therapy) showed that combination therapy
was superior to IFX monotherapy with respect to
corticosteroid-free clinical remission (56.8% vs 44.4%,
p = 0.02) and mucosal healing (43.9% vs 30.1%, p =
[10]
0.06) . Similar results in moderate-severe UC were
seen in the UC-SUCCESS trial, favoring combination
therapy (AZA + IFX) over IFX monotherapy for
clinical remission, (39.7% vs 22.1%, p = 0.017)
and complete mucosal healing, (29.5% vs 11.7%,
[11]
p = 0.006) at week 16 . These results should be
interpreted with caution as this study was terminated
early, and therefore underpowered, and week 16 may
be too early for thiopurines to be efficacious; however
combination therapy was as effective as, or superior
to, IFX monotherapy across a range of secondary
endpoints. COMMIT, a 50 wk randomized placebocontrolled trial of CD patients initiated on prednisolone
found no benefit of MTX and IFX combination therapy
(n = 63) over IFX monotherapy (n = 63) for the
primary endpoint, defined as failure to enter steroidfree clinical remission at week 14, (78% vs 76%, p
= NS) or failure to maintain remission through week
[12]
50, (57% vs 56%, p = NS) . When reconciling the
opposing findings of combination therapy vs anti-TNF
monotherapy of SONIC/SUCCESS vs COMMIT, several
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key differences in study design should be considered.
COMMIT used a high dose corticosteroid induction
regimen that may have obscured a true benefit of
MTX combination therapy over IFX monotherapy.
Further, the primary end-point of corticosteroid free
remission may have been seen equally between
treatment arms due to the enrolment of patients with
milder CD activity, a proportion of which may have
never failed treatment according to clinical (CDAI)
criteria. Of note, in COMMIT, patients randomized to
combination therapy had higher median trough drug
levels compared to IFX monotherapy (6.35 μg/mL vs
3.75 μg/mL, p = 0.08), suggesting a beneficial effect
of combination therapy on IFX pharmacokinetics.
Sub-group analyses of RCTs of IFX and ADA for
both CD and UC, stratified according to baseline IM
use, have failed to show a benefit of combination
therapy over anti-TNF monotherapy in achieving
[1,4,6,7,9,13]
clinical remission
. However, a large percentage
of patients entered these studies already failing IMs,
a key difference from the low proportion of previous
IM use in SONIC, SUCCESS and COMMIT. Further, in
the ADA RCTs there were high rates of previous IFX
[6]
[9]
failure, (CHARM 49% , ULTRA-2 41% ) therefore
these patients may represent a more treatmentrefractory cohort. Data from observational studies has
been conflicting with some supporting combination
[14-19]
therapy over anti-TNF monotherapy
, whereas
[20-23]
others do not
. Differences in study design; patient
populations and endpoints all hamper the strength of
conclusions that can be drawn from these studies.
A post-hoc analysis of patient level data, (published
in abstract form only) taken from 11 anti-TNF RCTs
(IFX, ADA, and certolizumab pegol) found that
combination therapy was more efficacious than
monotherapy for 6 mo clinical remission in those
treated with IFX (OR = 1.79; 95%CI: 1.06-3.01)
but not ADA (OR = 0.88; 95%CI: 0.58-1.35) or
[24]
certolizumab (OR = 0.93; 95%CI: 0.65-1.34) . This
may be explained as IFX, a chimeric anti-TNF is more
immunogenic than the humanized ADA. A “SONICtype” study comparing ADA monotherapy to ADA+IM
combination therapy is needed before we can say with
certainty that combination therapy is more efficacious
in this setting.
Taken together the literature suggests that in
IM naïve patients with moderate to severe IBD,
combination therapy is more efficacious and should be
considered over monotherapy with an anti-TNF, and
that in IM refractory patients, combination therapy
may be important for at least the first 12 mo of antiTNF treatment.

Risks of combination therapy vs
monotherapy
Infections and malignancy

Any putative increase in efficacy through the use of
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combination therapy must be balanced against the
risk of adverse events, and infectious complications
[25]
and malignancy in particular . Randomized controlled
trials in IBD have shown no significant increase in
infections in patients treated with combination therapy
compared with anti-TNF monotherapy. A pooled
analysis of 1383 patients, randomized to receive either
placebo or IFX, of which 40% received concomitant
immunomodulation with AZA, MP or MTX from the
landmark ACCENT Ⅰ and ACCENT Ⅱ (luminal and
fistulizing CD respectively), and ACT Ⅰ and ACT Ⅱ (UC),
studies showed similar rates of both infections (44.1%
vs 44.5%) and serious infections (3.7% vs 3.2%) in
those treated with immunomodulator co-therapy vs
[26]
those treated with IFX monotherapy . Similarly, in
SONIC serious infections were seen in 4.9% vs 3.9%,
(p = 0.79) of those treated with IFX monotherapy
[10]
and combination therapy, respectively . In COMMIT,
respiratory infections occurred in 46% of patients
treated with combination therapy compared with
41.3% of those treated with IFX (p = NS), although
all patients also received an induction course of
corticosteroids which may have contributed to these
[12]
very high infection rates . Despite these reassuring
findings it must be emphasized that follow-up of these
trials was relatively short (generally limited to 52 wk),
and they were underpowered to detect uncommon
opportunistic infections. Retrospective observational
studies have reported conflicting infectious com
plication rates in anti-TNF monotherapy compared
with combination therapy. Osterman and colleagues
found an increased rate of opportunistic bacterial and
fungal infections (HR = 2.64; 95%ci: 1.21-5.73)
and herpes zoster (HR = 3.16; 95%ci: 1.25-7.97)
amongst 577 patients who “stepped up” to ADA or IFX
from IMs (92% thiopurines) over a median follow-up
of 1.4-1.7 years, but no increase in the rate of serious
infections amongst combination therapy compared
[27]
with anti-TNF monotherapy . Other studies have
shown no increase in infections amongst combination
[28]
therapy compared with anti-TNF monotherapy .
Despite these conflicting data on infection rates, an
unequivocal signal from randomized controlled trials
and observational studies is that corticosteroids impart
a significant additive infective risk for both anti-TNF
monotherapy and combination therapy exposed
[29,30]
patients
.

MALIGNANCY
It is accepted that thiopurines are associated with an
increased risk of non-melanoma skin cancer, (NMSC)
(basal cell carcinoma and squamous cell carcinoma)
[31]
in post-transplant recipient patients . Three large
observational studies have demonstrated that thio
purine therapy confers a 4-6 fold increase in NMSC
amongst patients with IBD and that this risk remains
elevated compared to age-matched thiopurine naïve
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[32-34]

patients with IBD even after stopping thiopurines
.
In IBD there are no well-designed studies assessing
the risk of NMSC in anti-TNF monotherapy, primarily
because of confounding due to prior or concomitant
thiopurine exposure. A meta-analysis of anti-TNF
monotherapy use amongst patients with rheumatoid
arthritis demonstrated an increased risk of NMSC (1.45,
[35]
95%CI: 1.15-1.76) . In a nested case-control claim
database amongst 3288 matched IBD patients, (3288
NMSC matched to 12945 controls) sub-group analysis
of patients with ≥ 1 year drug use demonstrated the
greatest risk amongst combination thiopurines and
anti-TNF, (adjusted OR = 3.89, 95%CI: 2.33-6.46)
compared to thiopurine monotherapy (adjusted OR =
2.72, 95%CI: 2.27-3.26) and anti-TNF monotherapy
[34]
(adjusted OR = 1.63, 1.12-2.36) . Amongst patients
with less than 12 mo anti-TNF use there was no
association with NMSC. A pooled analysis of 1594
CD patients who participated in the landmark RCTs
of ADA demonstrated no increased risk of NMSC
in ADA monotherapy, compared with an increased
risk of NMSC, and other malignancies, in thiopurine
combination therapy (adjusted RR = 4, 95%CI:
[36]
1.23-13.0) . Taken together, these results suggest
that combination therapy increases the risk of NMSC
above and beyond the risk of both thiopurine and antiTNF monotherapy. Despite an apparent increased
[34,37]
risk of melanoma amongst patients with IBD
,
thiopurine use does not seem to increase the risk
[34]
further . Anti-TNF therapy, in contrast, appears to
[34]
double the risk of melanoma . Similar associations
between anti-TNF use and melanoma in RA have
[35,38,39]
been observed
. As with NMSC, drawing firm
associations between anti-TNF monotherapy exposure
and melanoma risk are limited by current or past
exposure to IMs.
Determining the influence of IM monotherapy vs
combination therapy on lymphoma development is
difficult due to the relatively uncommon occurrence
of this event and the short follow-up period of RCTs.
Pooled data from 7054 IBD patients from 11 RCTs,
(IFX, ADA, certolizumab and golimumab) followed
for 1 year, showed no cases of lymphoma amongst
anti-TNF treated patients, compared to 3 placebo
arm patients, (although 2 of these had received
[40]
induction with anti-TNF) . Other pooled analyses
have demonstrated an increased risk of lymphoma
with combination therapy, however these have not
detected cases of lymphoma amongst those treated
with anti-TNF monotherapy. This limits the strength
of conclusions on the risk of lymphoma development
between the two treatment strategies. Accordingly,
data from large population-based observational cohort
studies must be considered. In CESAME, a prospective
observational cohort study of 19 486 IBD patients, the
risk of lymphoma was higher amongst patients using
thiopurines in combination with anti-TNF compared to
thiopurines alone, [standardized incidence ratio, (SIR)
= 10.2, 95%CI: 1.24-36.9, p < 0.04] vs 6.53, 95%CI:
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[41]

3.48-11.2, p < 0.0001, respectively) . Anti-TNF
monotherapy did not increase the risk of lymphoma,
(SIR = 4.5, 95%CI: 0.6-16.4, p = 0.1). Similarly a
retrospective cohort study of 36891 Veteran Affairs UC
patients, of which 4734 were treated with thiopurines
for one year found an increased risk of lymphoma
amongst thiopurine users (HR = 4.2, 95%CI: 2.5-6.8,
[42]
p < 0.001) . Subgroup analysis demonstrated
a non-significant increased incidence rate ratio,
(IRR) amongst thiopurine/IFX combination therapy
(IRR = 3.84, 95%CI: 0.8-44.2) compared with
thiopurine monotherapy (IRR = 3.6, 95%CI: 2.2-6.0)
however only 1 case of lymphoma was diagnosed
in the combination group, implying this study was
underpowered to detect a true difference. The findings
[27,43-48]
from other studies have been conflicting
. In
general, observational studies and meta-analyses have
shown that combination therapy increases the risk
of lymphoma, however the magnitude of this risk is
similar to that seen with IM monotherapy.

Unanswered Questions
Regarding the Optimization of
Immunomodulators When Used as
Combination Therapy
Which immunomodulator should be used - thiopurines
or methotrexate?

The evidence as to which IM, thiopurines or MTX, to
choose in combination therapy is limited, although
there are more data relating to the use of thiopurines.
[10]
Randomized controlled trials (RCTs) in both CD (SONIC)
[11]
and UC (SUCCESS)
demonstrate superiority of
thiopurine-based combination therapy over antiTNF monotherapy. In contrast, combination therapy
with MTX has not been proven to be superior to
[12]
monotherapy in CD (COMMIT) , and there are a
lack of high quality data to support the use of MTX in
UC when given as monotherapy, with no combination
[49]
therapy data available . However, given differing
trial designs and endpoints, direct comparison of
these RCTs must be interpreted with caution.
The benefits of adding an immunomodulator to
anti-TNF therapy, even in patients who have previously
failed immunomodulators, are presumably due to
both a reduction in immunogenicity with a resultant
increase in serum anti-TNF levels, and also a direct
effect in reducing disease activity. Both thiopurines and
MTX have beneficial effects on the pharmacokinetics of
anti-TNF agents when used in combination therapy. In
a retrospective, single-centre study of 174 CD patients
treated with episodic IFX, AZA and MTX were equally
effective in preventing immunogenicity (antibodies
to IFX, (ATIs) 48% in AZA group vs 44% in MTX
group, p = NS) and infusion reactions (18% vs 14%
in AZA and MTX groups respectively, p = NS), and in
increasing serum IFX levels (6.15 μg/mL vs 5.65 μg/
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mL in AZA and MTX groups respectively, p = NS) .
The presence of ATI was associated with a shorter
duration of response in patients not taking IM (median
11.7 wk) as compared to those taking IM (median
13.8 wk, p = 0.006) although numbers were small.
In SONIC, patients on combination therapy with AZA
had significantly higher IFX levels than monotherapy
patients at week 30 (3.5 μg/mL vs 1.6 μg/mL, p
[10]
< 0.0001) . In the COMMIT study patients on
combination therapy with MTX had lower rates of ATI
formation than monotherapy patients (4% vs 20%, p
= 0.01) and a trend to higher serum IFX levels (6.35
[12]
μg/mL vs 3.75 μg/mL, p = 0.08) .
Another advantage of thiopurines is the oral
route of administration, compared to MTX, where
only parenteral monotherapy in CD has been
[51,52]
consistently demonstrated to be effective
. If
used in therapeutic doses in combination therapy,
presumably parenteral MTX is the best option.
However if used primarily to reduce immunogenicity
then rheumatologic data suggests that low dose oral
MTX may be adequate. Published only in abstract
form, it was demonstrated that the addition of MTX
to maintenance ADA increased ADA levels from 5
[53]
μg/mL to between 8-9 μg/ml . More recently in the
CONCERTO trial 395 RA patients were randomized to
open-label ADA 40 mg alternate weekly, and blinded
oral MTX at doses or 2.5, 5, 10 and 20 mg weekly.
ADA serum concentrations increased with increasing
MTX doses up to 10 mg weekly, above which there
was no dose response. Anti-adalimumab antibody
prevalence was also similar between the 10 and 20
mg MTX groups, suggesting that in RA patients 10
mg MTX orally weekly is the correct dose to optimize
[54]
ADA pharmacokinetics . Whether these data are
applicable to IBD is unknown. Similarly, thiopurines
have consistently been shown to increase serum anti[10,55]
TNF levels when given as combination therapy
,
although there are no data delineating an optimal
weight-based thiopurine dose needed to achieve
maximal serum anti-TNF concentrations.
Another consideration in the choice of concomitant
immunomodulator is the small, but real, increased
risk of lymphoma associated with thiopurines in IBD.
The most recent meta-analysis of both population
and referral-based IBD studies demonstrated a SIR
of lymphoma of 4.92 (95%CI: 3.10-7.78) amongst
thiopurine-exposed patients. The risk was highest
amongst males currently receiving thiopurines for at
[48]
least one year . A similar increased magnitude of risk
has been demonstrated in other recent population[41,44]
based studies and meta-analyses
. Of particular
concern is the association between thiopurine use and
hepatosplenic T cell lymphoma (HSTCL), especially
[56]
in young males under 35 years of age . By contrast
there are no studies showing an increased risk of
lymphoma with MTX use in IBD, although it must be
recognized that this is largely due to a lack of data
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rather than there being studies definitively showing
no association. Studies in rheumatoid arthritis
show conflicting data as to whether MTX use is
associated with an increased lymphoma risk, either
as monotherapy or when combined with anti-TNF
[57-59]
agents
. In considering these data it would seem
reasonable to consider MTX as the immunomodulator
of choice when lymphoma risk is highest, such as
in young males, whereas for other patients the
benefits of thiopurines will usually outweigh the
small lymphoma risk. Finally MTX is teratogenic and
is contraindicated during pregnancy. Due to its long
half-life it is recommended to stop MTX 3-6 mo pre[60]
conception in females . Its effects on male fertility
and spermatogenesis are controversial; some experts
recommend withdrawal in males 3 mo prior to trying
[60]
to conceive .

When should immunomodulators be commenced when
used as combination therapy?

The SONIC study demonstrated in a randomized
controlled trial that clinical and endoscopic remission
occurs most frequently when immunomodulators and
IFX are commenced simultaneously in treatment-naïve
[10]
patients . Pharmacokinetic data from observational
single-centre studies has subsequently emerged to
support this practice.
In a retrospective study of 217 patients on anti-TNF
therapy (108 IFX, 109 ADA) concomitant IMs improved
pharmacokinetic outcomes for patients on IFX (83.1%
thiopurines, 16.9% MTX), but not ADA (83.3%
thiopurines, 16.7% MTX). For IFX, trough levels were
significantly higher in the combination therapy group
compared to monotherapy patients (7.5 μg/ml vs 4.6
μg/ml, p = 0.04), while for ADA no difference was
seen (13.1 μg/ml vs 11.5 μg/mL respectively, p = 0.5).
Similarly, combination therapy patients were less likely
to have ATIs than monotherapy patients for IFX (5.7%
vs 29.8%, p = 0.001), but not ADA (17.2% vs 21.6%,
p = 0.6). Regarding the timing of introduction of the
IM, IFX patients in whom IMs were started at the same
time as the anti-TNF were less likely to develop ATIs
than patients in whom IMs were started later (2.4%
vs 18.2%, p = 0.04); again no difference was seen in
ADA patients. Interestingly, there was no association
between IM dose and IFX trough levels, and in fact
counter-intuitively patients with suboptimal IM doses
had higher trough levels (9.81 vs 5.36, p = 0.02). This
study suggests that immunogenicity occurs early in
the treatment course of anti-TNFs and that perhaps
a lower dose of IM may be sufficient to prevent anti[61]
drug antibody formation and optimize trough levels .
It is important to note that this pharmacokinetic study
did not assess clinical outcomes, hence it is unclear
whether the favorable effect of combination therapy
on improving drug levels and reducing ATIs conferred
a clinical benefit. Consistent with these results, in a
prospective observational study of 125 patients treated
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with IFX (98 CD, 27 UC), 46% of patients developed
ATIs. Of these, 90% of patients who developed
permanent ATIs did so within 12 mo of starting
IFX, whilst transient, and clinically non-significant,
antibodies developed at any time during therapy (p <
0.001). Patients on combination therapy had a longer
ATI-free survival compared to monotherapy patients
[17]
(p = 0.003, log rank test) . Low IFX trough levels
and high ATI titers were significantly more prevalent
amongst patients with clinical loss of response, p <
0.001. These data therefore also demonstrate that
IMs are most effective at reducing immunogenicity in
the first 12 mo of anti-TNF therapy, suggesting that
the two classes of therapy should be commenced
simultaneously.

What dose of immunomodulator should be used when
used as combination therapy - are lower doses equally
effective and safer?

To date most studies of combination therapy have
used full weight-based thiopurine doses (AZA-2.0-2.5
mg/kg per day, MP-1.0-1.5 mg/kg per day), with
or without further dose-optimization aiming for
therapeutic metabolite levels [6-thiogunanine
8
nucleotide, (6-TGN) 235-450 pmol/8 × 10 RBC].
However, more recently, definite signals of thiopurine
toxicity have been confirmed in large population-based
studies, in particular the risk of infections, NMSC and
[32,41]
lymphoma
. Of these adverse events, infection risk
is definitely dose-dependent, however most populationbased studies of NMSC and lymphoma risk have
[32,48]
not included thiopurine doses in their analyses
.
This raises the question of whether lower thiopurine
doses can be used in combination therapy with equal
efficacy and pharmacokinetic benefits on serum antiTNF levels, and presumably, less toxicity. Recent
retrospective and observational studies have explored
the effect of thiopurine dose on outcomes when
used in combination therapy, analyzing by mg/kg
daily doses or surrogate measures of 6-TGN levels
and changes in mean corpuscular volume (MCV) in
thiopurine-treated patients.
In the Dutch retrospective study assessing phar
macokinetic outcomes of combination therapy
(predominantly with thiopurines) there was no
correlation between IM dose and anti-TNF levels, sug
gesting that lower IM doses in combination therapy
[61]
may be equally effective . More recently, in a single
centre cross-sectional study of 72 patients (45 CD,
27 UC) on combination therapy with scheduled
maintenance IFX and thiopurines, thiopurine meta
bolite levels were correlated with IFX levels and ATIs.
There was a moderate correlation between 6-TGN
concentrations and IFX levels (rho - 0.53, p < 0.0001).
The 6-TGN cut off that best predicted higher IFX
8
levels was 125 pmol/8 × 10 RBCs (AUROC - 0.86,
p < 0.001). Patients with 6-TGN levels below this cut
off had IFX levels similar to patients on monotherapy
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(4.3 μg/ml vs 4.8 μg/ml, p = 0.8). Similarly, patients
with 6-TGN levels below this threshold were more
likely to have ATIs (OR = 1.3, 95%CI: 2.3-72.5, p
< 0.01). These results provide the first signal that
lower thiopurine doses, as measured by metabolite
levels, may be equally effective as therapeutic doses in
optimizing serum anti-TNF levels, however they must
be interpreted with caution. The primary endpoint
was IFX levels, with mucosal healing as a secondary
endpoint, and IFX levels of > 8.3 μg/ml were
associated with mucosal healing. When dichotomized
above and below this cutoff, a mean 6-TGN level of
8
223 pmol/8 × 10 RBCs was required to achieve an
IFX level of 8.3 μg/ml, compared to mean 6-TGN
8
levels of 128 pmol/8 × 10 RBCs for IFX levels <
8.3 μg/ml (p < 0.001). Similarly, undetectable vs
detectable ATIs were associated with mean 6-TGN
8
levels of 117 pmol/8 × 10 RBCs and 193 pmol/8 ×
8
10 RBCs respectively (p = 0.024). Therefore, while a
8
6-TGN level of 125 pmol/8 × 10 RBCs best predicted
increased IFX levels, very similar 6-TGN levels were
associated with a lack of mucosal healing and the
development of ATIs - this disparity may in part be
explained by the high IFX cut off of 8.3 μg/ml that
was used, for which sensitivity and specificity were
[62]
only moderate (71% and 73% respectively) .
Similar findings were observed in a single centre
cross-sectional study of 269 IBD patients treated with
IFX who underwent TDM with a drug-tolerant mobility
[63]
shift assay . Patients co-treated with AZA/MP, [n
= 99 (37%)] and MTX [n = 32 (12%)] were more
likely to have therapeutic IFX levels than those on
monotherapy, (p = 0.05 and p = 0.04 for thiopurines
and MTX, respectively). Regression analysis did not
demonstrate a relationship between AZA dose and
drug levels (p = 0.88) nor was an association seen
between weight based dose (mg/kg) and drug levels
when analysed by quartiles (p = 0.87).
The change in MCV with thiopurine therapy has
been correlated with 6-TGN levels, with a delta MCV of
at least 7 fL being associated with therapeutic 6-TGN
[64,65]
levels and improved clinical outcomes
. A post
hoc analysis of the SONIC study [which included only
patients with normal thiopurine methyltransferase,
(TPMT) activity] investigated the relationship between
the change in MCV (dichotomized to above and below
7 fL) and outcomes in patients receiving combination
therapy with AZA and IFX. An increase in MCV of at
least 7 fL was associated with mucosal healing at week
26 (75% vs 47.1% if delta MCV < 7 fL, p = 0.02) and
IFX levels > 3.0 μg/ml (68.4% vs 38.8% if delta MCV
< 7 fL, p = 0.003). On multivariate analysis, delta MCV
> 7 fL was associated with mucosal healing (OR = 3.86,
96%CI: 1.05-14.19, p = 0.04). Interestingly, patients
with a delta MCV > 7 fL had less infectious adverse
events (26.5% vs 49.2% if delta MCV < 7 fL, p =
0.008). No correlation between changes in MCV and
mg/kg thiopurine doses was performed and thiopurine
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metabolites were not measured . These results
represent progress in optimizing thiopurines when
used in combination therapy, although the optimal
mg/kg dose, or surrogate measure of efficacy, remain
to be determined.
Similarly, for MTX there are few data to guide
clinicians as to the optimal dose, and route, to use in
combination therapy with anti-TNF agents in IBD. In
rheumatoid arthritis, 10 mg MTX orally weekly was
the optimal dose to increase serum adalimumab levels
[54]
in a MTX dose-escalation study . In the COMMIT
study subcutaneous MTX was commenced at 10 mg
weekly and increased to 25 mg weekly by week 5,
with the mean MTX dose at week 50 being 22.3 mg.
At this dose, combination therapy patients compared
to monotherapy patients had less ATIs (4% vs 20%,
p = 0.01), numerically higher IFX trough levels (6.35
μg/ml vs 3.75 μg/ml, p = 0.08) and were more
likely to have detectable IFX trough levels (52% vs
44%, p = 0.84). Even at this high dose, there was
no difference in adverse event rates between the two
[12]
groups . More recently, in a single referral-centre
retrospective study of combination MTX and anti-TNF
therapy, outcomes were compared between patients
on low dose (< 12.5 mg weekly) and high-dose (15-25
mg weekly) MTX. 73 IBD patients with active disease
were included (CD-54, UC-16, indeterminate colitis - 3),
of which 71% received high-dose and 29% low-dose
MTX. The anti-TNF was ADA in 49% of patients, IFX in
40% of patients and certolizumab in 11% of patients,
and MTX was given orally in 75% of patients. 46 of 73
(62%) patients went into remission and were followed
and included in the primary analysis of duration of
remission maintenance. High-dose MTX combination
therapy patients were less likely to relapse (log-rank
test, p < 0.01), and although rates of adverse events
(33% vs 12%, p = 0.13) and discontinuations (14%
vs 6%, p = 0.34) were higher in the high-dose MTX
group, these differences did not reach significance.
There were no differences when analyzed by the antiTNF used in combination therapy (log-rank test, p =
0.58), diagnosis (log-rank test, p = 0.78), or mode
of MTX administration (log-rank test, p = 0.56).
[67]
Therapeutic drug monitoring was not performed .
Although a lower dose of concurrent IM would
be hoped to be safer, in particular resulting in fewer
infections and malignancies, there are few data to
support this assumption. Studies amongst non-IBD
populations have found a relationship between rates
of malignancy and total thiopurine dose, thiopurine
[68-70]
metabolite levels and TPMT activity
. Caution must
be exercised before extrapolating these findings to
the setting of combination therapy in IBD. Thiopurines
are associated with increased infections, and viral
infections in particular, (as outlined above) although
a post-hoc analysis did not find a difference in
infection risk between patients on high dose vs low
[27]
dose thiopurines . Similarly, the risk of NMSC and
lymphoma associated with thiopurines has never

WJG|www.wjgnet.com

been demonstrated to be dose-dependent in IBD,
however most studies addressing these questions
[32,44,48]
have not included IM dose
. From these data,
which are mainly retrospective or post hoc analyses,
it is not possible to conclude whether a lower dose
of concurrent IM is equally efficacious and safer in
combination therapy. For thiopurines, “therapeutic”
6-TGN levels were required to achieve IFX levels
associated with mucosal healing, while a rise in MCV of
> 7 fL may be a useful surrogate target if replicated in
other studies. For MTX, unlike rheumatologic studies
where lower doses appear adequate to maximize antiTNF levels, in IBD higher doses (15-25 mg weekly)
were required to maintain remission. Therefore until
well-designed prospective studies prove otherwise,
using full doses of IMs as combination therapy appears
to be the best option for clinicians.

Can immunomodulators be
stopped at any time when used in
combination therapy?
In combination therapy patients with a high risk of
adverse events to continuing therapy and a low risk
of disease relapse on treatment withdrawal, cessation
of therapy can be considered. Either the anti-TNF or
the IM can be stopped, although relapse rates after IM
withdrawal are generally lower than relapse rates after
anti-TNF discontinuation, making IM withdrawal the
[71]
more logical strategy . Another rationale for stopping
the IM comes from recent data showing that the risk
of malignancy with thiopurines, and lymphoma in
particular, is associated with the duration of therapy
and reduces, or even normalizes, after IMs are ceased.
In the CESAME cohort the hazard ratio for lymphoma
was 5.28 (95%CI: 2.01-13.9, p = 0.0007) for those
continuing thiopurines, but became insignificant (HR
= 1.02, 95%CI: 2.01-13.9, p = 0.98) after they were
[41]
ceased . More recently in a retrospective cohort
study of 36,891 veterans with UC the hazard ratio for
developing lymphoma in patients on thiopurines was
4.2 (95%CI: 2.5-6.8, p < 0.0001), but reduced to 0.5
(95%CI: 0.2-1.3, p = 0.17) after thiopurines were
[42]
discontinued . In the most-recent meta-analysis
combining 18 population-based and referral-centre
studies lymphoma risk became significant after 1 year
of thiopurine exposure. Amongst population studies
standardized incidence ratios (SIR) were increased
amongst current (SIR = 5.71, 95%CI: 3.72-10.1), but
[48]
not former users (SIR = 1.42, 95%CI: 0.86-2.34) .
Similar trends of a reduction in malignancy risk after
cessation of therapy have been demonstrated in some
[32,72]
thiopurine-associated NMSC cohorts
.
The first well-designed, albeit open-label, study
of IM withdrawal (the IMID Study) came from the
Leuven group in which 80 CD patients in remission
on combination therapy for at least 6 mo were
randomized to continue or stop IM therapy, with both
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groups continuing scheduled maintenance IFX for 2
years. There was no difference in the primary endpoint
of patients requiring a decrease in IFX dosing interval
(60% in patients continuing IMs vs 55% in patients
stopping IMs, p = 0.65) or stopping IFX (27.5% vs
22.5% respectively, p = NS). Mucosal healing rates
were also similar between groups. However patients
continuing on IMs had significantly higher trough
IFX levels (2.87 μg/ml vs 1.65 μg/ml, p < 0.0001)
and correspondingly lower levels of CRP (1.6 mg/l
vs 2.8 mg/l, p < 0.005), suggesting the possibility
of differing outcomes between groups over a longer
[55]
period of follow up . In a single-centre observational
study of 48 CD patients on combination therapy for at
least 6 mo in whom AZA was stopped, survival without
IFX failure was 85% at 12 mo and 41% at 24 mo.
Predictors of IFX failure were a duration of combination
therapy less than 27 mo (HR = 7.46, 95%CI:
1.64-33.85, p = 0.01) and presence of inflammation
at the time of IM withdrawal (CRP > 5 mg/l, HR = 4.79,
95%CI: 1.52-15.10, p = 0.008, and platelet count >
[73]
298 (HR = 4.75, 95%CI: 1.28-17.57, p = 0.02) .
More recently, in another single-centre, retrospective
study the Leuven group assessed the effect of IM
withdrawal on IFX trough levels and immunogenicity.
Of 158 patients on combination therapy for at least
6 mo (median 13 mo), IM were withdrawn in 117
patients who were followed for a median of 29 mo.
Of patients stopping IMs 38% required an increase in
IFX dosing interval and 18% stopped IFX. However
IFX trough levels were unchanged before and after
IM withdrawal (3.2 μg/ml vs 3.7 μg/ml respectively,
p = 0.70). Low IFX trough levels and high CRP at
the time of IM withdrawal, and previous IFX doseescalation prior to IM withdrawal were predictors of
subsequent IFX monotherapy failure. Interestingly,
no patients with an IFX trough level > 5 μg/ml at the
time of IM withdrawal relapsed during the follow up
[74]
period . From these three studies it can be concluded
that the lowest risk of relapse is in patients who are
in deep remission (clinical remission and normalized
biomarkers including mucosal healing), with good
anti-TNF drug levels, after a prolonged period of
combination therapy (ideally at least 12 mo) before
IMs are withdrawn. Patients with active disease who
withdraw IM are more likely to flare and subsequently
require optimization of treatment.
Hopefully the upcoming international BIOCYCLE
study, which aims to compare outcomes of treatment
cycles in patients on combination therapy to outcomes
when either the anti-TNF or IM is withdrawn will
provide further clarification of the safety of deescalation strategies in individual patients.
Of relevance to the issue of de-escalation of
therapy, two small recent studies have shown that in
patients losing response to anti-TNF monotherapy the
re- addition of an IM can overcome immunogenicity
and recapture response in some patients. In a small
series of 5 patients losing response to IFX due to
immunogenicity the addition of an IM (thiopurines
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in 3 patients, MTX in 2 patients) was successful in
overcoming ATIs, increasing serum IFX levels and
[75]
restoring clinical response in all patients . Similar
results were demonstrated when thiopurines were
added to five patients failing ADA monotherapy, all of
whom had previously failed thiopurine monotherapy.
Clinical improvement was noted in all patients and
repeat endoscopy was performed in four patients, all
[76]
of whom showed improvement .

CONCLUSION
Over the last 15 years there have been great advances
in the understanding of the relative roles IMs and antiTNFs play in the modern management of IBD. It has
become recognized that amongst thiopurine naïve
patients, combination therapy is more efficacious
than monotherapy with either thiopurines or antiTNF alone, albeit at an increased risk of adverse
events, most important of which are infection and
malignancy. However questions remain as to how
best to position IM use in those who require treatment
with an anti-TNF, particularly in IM failures. Many of
these are being addressed as we learn more about the
pharmacokinetic relationship between anti-TNF and
IM use and clinical outcomes. Combination therapy is
associated with higher anti-TNF drug levels and less
anti-drug antibody production, especially during the
first 12 mo. Higher drug levels, in turn, measured post[77-80]
[81-84]
induction
and during maintenance therapy
,
are associated with favorable clinical outcomes.
Whereas it is tempting to equate the beneficial effects
of combination therapy solely to an improvement in
anti-TNF pharmacokinetics, it must be recognized
that this conclusion is at present intuitive rather than
evidence based. Prospective studies are needed that
assess differences in efficacy, safety and costs between
combination therapy vs anti-TNF monotherapy with
anti-TNF dose-adjustments to achieve similar drug
[85]
levels . Further research is also needed to determine
the effect of varying thiopurine and MTX doses on antiTNF pharmacokinetics, incorporating both weightbased and metabolite-based (thioguanine nucleotides
[86]
and MTX polyglutamates , for thiopurines and MTX
respectively) dose-optimization strategies.
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Abstract
Crohn’s disease and ulcerative colitis are two important
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categories of human inflammatory bowel disease (IBD).
Because the precise mechanisms of the inflammation
and immune responses in IBD have not been fully
elucidated, the treatment of IBD primarily aims to
inhibit the pathogenic factors of the inflammatory
cascade. Inconsistencies exist regarding the response
and side effects of the drugs that are currently used
to treat IBD. Recent studies have suggested that the
use of nanomedicine might be advantageous for the
treatment of intestinal inflammation because nanosized molecules can effectively penetrate epithelial
and inflammatory cells. We reviewed nanomedicine
treatments, such as the use of small interfering RNAs,
antisense oligonucleotides, and anti-inflammatory
molecules with delivery systems in experimental colitis
models and clinical trials for IBD based on a systematic
search. The efficacy and usefulness of the treatments
reviewed in this manuscript have been demonstrated
in experimental colitis models and clinical trials using
various types of nanomedicine. Nanomedicine is
expected to become a new therapeutic approach to
the treatment of IBD.
Key words: Inflammatory bowel disease; Crohn’s disease;
Ulcerative colitis; Nanomedicine; Small interfering RNA;
Antisense oligonucleotide
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Crohn’s disease and ulcerative colitis are
important categories of human inflammatory bowel
disease (IBD). IBD treatment generally involves
attempting to inhibit pathogenic factors of the in
flammatory cascade. Recent studies suggest that
nanomedicine provides advantages over conventional
treatments for the treatment of intestinal inflammation
because nano-size molecules can effectively penetrate
epithelial and inflammatory cells. The efficacy and
usefulness of the nanomedicine treatments reviewed
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in this manuscript have been validated in experimental
colitis models and clinical trials. Nanomedicine is
therefore expected to become a new therapeutic
approach to the treatment of IBD.
Takedatsu H, Mitsuyama K, Torimura T. Nanomedicine and drug
delivery strategies for treatment of inflammatory bowel disease.
World J Gastroenterol 2015; 21(40): 11343-11352 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i40/11343.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i40.11343

INTRODUCTION
Inflammatory bowel disease (IBD), which primarily
refers to Crohn’s disease (CD) and ulcerative colitis
(UC), is characterized by chronic inflammation of
[1]
the gastrointestinal tract . Although the etiology of
these diseases remains unknown, several factors such
as immune imbalance, dysregulation of the hostmicrobial interaction, and genetic susceptibility are
[2]
involved in the pathogenesis of IBD . IBD is treated
using 5-aminosalicylic acid (5-ASA), corticosteroids,
immunosuppressive drugs and anti-tumor necrosis
factor α (TNF-α) antibodies (Abs). However, more
than one-third of patients do not respond fully to
these therapies. While the efficacy of these drugs
decreases over time, the risks of infections and cancer
[3-5]
associated with their use are increasing . Seventy
cases of mycobacterial infections were reported in
patients receiving anti-TNF-α Abs by 2001, and the
incident rate was more than 10 times the expected
[4]
background rate . Several studies have shown an
association between anti-TNF-α Abs and cancers such
as non-Hodgkin’s lymphoma (NHL) and cutaneous
malignancies. A standardized incidence rate of NHL
in over 16000 IBD patients was reported to be 5.5
[6]
(95%CI: 4.4-6.6) , and the odds ratio of developing
cutaneous malignancies was reported to be 2.07
[7]
(95%CI: 1.28-3.33) .
The medical applications of nanotechnology include
the use of nano-particles (NPs) in imaging, pathological
diagnosis, and drug delivery. Nanomedicine is a
promising tool for the targeted delivery of drugs to
[8]
specific tissues . Several studies have shown that
drugs that are delivered using NPs have advantages
over conventional drugs, yielding more effective
targeting, greater availability in diseased tissues, and
fewer adverse effects. Thus, NPs represent an ideal
drug delivery system for the treatment of IBD. NPs
not only improve the efficacy of conventional drugs
but also aid in the development of new therapeutic
drugs. For example, 5-ASA, a conventional drug, is the
drug most often studied when attempting to improve
delivery systems because it acts only topically. Luminal
pH and sustained release are important for delivery
[9]
systems . Recently, the use of NPs as delivery vehicles
for 5-ASA, corticosteroids, and immunosuppressive
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drugs has been shown to result in greater therapeutic
effects in experimental colitis models of IBD compared
[10]
to standard formulations .
Anti-TNF-α Abs, such as infliximab, adalimumab,
certolizumab, and golimumab, have proven efficacious
against IBD. However, anti-TNF-α Abs therapies
require parenteral administration at relatively high
doses to achieve their therapeutic effect in the
inflamed intestine, increasing the risk of adverse
effects, such as lymphoma, infections (especially
tuberculosis reactivation), lupus-like syndrome and
[11]
the generation of anti-infliximab Abs . Strategies
that blockade TNF-α effects are needed to improve the
safety of these biological therapies. Small interfering
RNA (siRNA) and antisense oligonucleotides (ASOs)
are candidates for IBD treatment due to their ability to
locally neutralize TNF-α.
Biological treatment strategies for IBD involve
the neutralization of proinflammatory cytokines,
the use of anti-inflammatory cytokines and the
inhibition of neutrophil adhesion or T cell signaling.
The biological delivery of drugs to inflamed intestines
remains a crucial challenge in the current treatment
of IBD; therefore, combining siRNA, ASO, and antiinflammatory molecules with nanotechnologybased drug delivery methods represents a valuable
therapeutic approach, and some ASO strategies
are already undergoing clinical trials. In this review,
we focus on novel therapeutic approaches using
nanotechnological systems, such as those that
combine siRNA, ASO, and anti-inflammatory molecules
with a delivery system.

SIRNA THERAPIES
Gene silencing via RNA interference (RNAi) is a
candidate treatment for IBD. siRNA, usually comprising
20-25 bp double-stranded nucleotides, is a powerful
tool for post-transcriptionally silencing gene expression
and interferes with the expression of specific genes.
siRNA directed against proinflammatory cytokines
might be useful in treating intestinal inflammation.
However, the low penetration of siRNA across cell
membranes is a major obstacle for siRNA therapy. To
overcome this problem, various delivery systems have
been developed to deliver siRNA to intestinal tissue
(Table 1).

TNF-α siRNA therapies using a delivery system

Neutralization of TNF-α Abs was the first biological
strategy used in clinical practice and was more
[12]
effective at treating IBD than conventional therapies .
However, serious infections and side effects were
reported, including infusion reactions and the formation
[13]
of antibodies against TNF-α . Recently, several
groups have attempted to drive TNF-α gene silencing
directly into inflammatory sites in experimental colitis
models. Here, we describe six delivery systems that
have been used with TNF-α siRNA for the treatment of
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[17]

Table 1 Small interfering RNA therapies
Target gene

Delivery system

TNF-α siRNA therapy with delivery system
TNF-α
TKN
TNF-α
PEI-PVA
TNF-α
NiMOS
TNF-α
OMe-P
TNF-α
TPP-PPM
TNF-α
Fab'-bearing PLA-PEG

Administration

Ref.

Oral
Oral
Oral
Oral
Ex vivo
Oral

[14]
[15]
[16]
[17]
[18]
[19]

siRNA therapy targeting other molecules with delivery system
CyD1
Abs to b7 integrin
Intravenous
TNF-α /CyD1
NiMOS
Oral
Map4k4
Oral
b1,3-D-glucan shell
CD98
scCD98-functionalized
Oral

[22]
[23]
[24]
[25]

SiRNA: Small interfering RNA; TKN: Thioketal nanoparticle; PEIPVA: Polyethyleneimine/polyvinyl alcohol; NiMOS: Nanoparticlesin-microspheres oral system; OMe-P: 2’-O-methyl and propanediol
modification; TPP-PPM: Mannosylated bioreducible cationic polymer/
sodium triphosphate; Fab'-bearing PLA-PEG: Polylactic acid-polyethylene
glycol copolymer/Fab' portion of the F4/80 Ab; scCD98-functionalized:
Chitosan-alginate hydrogel/single-chain CD98 Abs.

experimental colitis.
Thioketal nanoparticles (TKNs) were formulated
from a poly-(1,4-phenyleneacetone dimethylene
thioketal polymer and selectively degraded by reactive
oxygen species (ROS). When TNF-α siRNA/TKN was
delivered orally, siRNA was released from TKNs in
response to abnormally high levels of specific ROS
at sites of intestinal inflammation. Orally adminis
tered TNF-α siRNA/TKN protected against dextran
sodium sulfate (DSS)-induced colitis and effectively
decreased TNF-α mRNA levels at sites of intestinal
[14]
inflammation .
TNF-α siRNA/polyethyleneimine (PEI) was loaded
into polylactide (PLA) (NP matrix) and then covered
with polyvinyl alcohol (PVA) to form NPs, which were
efficiently taken up by inflamed macrophages, thus
inhibiting TNF-α secretion by the macrophages in
vitro. The oral administration of TNF-α siRNA/PEI-PVA
in lipopolysaccharide (LPS)-treated mouse models
reduced the synthesis and secretion of TNF-α in the
[15]
colon .
TNF-α siRNA was encapsulated in type B gelatin NPs
and further entrapped in poly (epsilon-caprolactone)
(PCL) microspheres to form a nanoparticles-inmicrospheres oral system (NiMOS). This system, which
exhibits particle sizes smaller than 5 μm, permitted
localization in the colon by a controlled degradation of
the outer layer and consequent release of the gelatin
NPs to the site of inflammation. The oral administra
tion of TNF-α siRNA/NiMOS attenuated DSS-induced
[16]
colitis .
TNF-α siRNA involving 2’-O-methyl and propanediol
modifications (TNF-α siRNA/OMe-P) was resistant to
nuclease degradation and provided better silencing
efficacy in vitro than unmodified siRNA. Intrarectally
administered TNF-α siRNA/OMe-P significantly ameli
orated DSS-induced colitis compared to unmodified and
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other chemically modified siRNAs .
TNF-α siRNA was formulated with mannosylated
bioreducible cationic polymer (PPM) and sodium
triphosphate (TPP). These NPs exhibited specific
affinity to the mannose receptors that were exclusively
expressed on the surfaces of the macrophages.
TNF-α siRNA/TPP-PPM increased the efficiency of
delivery by selectively targeting phagocytic cells at the
inflammation site. These NPs reduced the TNF-α level
in the intestine of DSS-induced colitis models in an ex
[18]
vivo study .
TNF-α siRNA was loaded into polylactic acidpolyethylene glycol copolymer (PLA-PEG); then, the
NPs were grafted to the Fab’ portion of the F4/80
Ab (Fab’-bearing) on the surface of the NPs. Fab’bearing PLA-PEG NPs exhibited improved macrophagetargeting kinetics in vitro. Orally administered TNF-α
siRNA/Fab’-bearing PLA-PEG attenuated DSS-induced
[19]
colitis more efficiently than uncovered NPs .

siRNA therapies targeting other molecules with delivery
system

Other molecules, such as (1) Cyclin D1 (CyD1); (2)
a combination of TNF-α and CyD1; (3) mitogenactivated protein kinase kinase kinase kinase 4
(Map4k4); and (4) CD98, have been considered as
novel targets for the treatment of IBD using siRNA
delivery systems.
CyD1, a key cell cycle-regulating molecule, was
upregulated in the epithelial and immune cells of
IBD patients, which are implicated in promoting
[20,21]
inflammation and epithelial colorectal dysplasia
.
The liposome-based NPs used to target CyD1 siRNA
were covered by Abs raised against β7 integrin, a
receptor that is specifically present on leukocytes
that are involved in intestinal inflammation. CyD1
siRNA/Abs raised against β7 integrin administered
intravenously inhibited intestinal inflammatory
responses in DSS-induced colitis. Silencing the CyD1
gene decreased the production of Th1 cytokines, such
[22]
as TNF-α and IL-12 .
[23]
Kriegel et al
targeted TNF-α and CyD1 using
[16]
NiMOS . CyD1 siRNA was combined with TNF-α
siRNA/NiMOS. The dual silencing effect was more
potent than the silencing of TNF-α siRNA alone. This
study demonstrated the therapeutic potential of an
oral NiMOS-based dual TNF-α and CyD1 gene silencing
system for the treatment of IBD in a DSS-induced
acute colitis model.
Map4k4 is a mediator of cytokine expression.
Map4k4 siRNA was encapsulated in β1,3-D-glucan
shells. Glucan has a specific affinity to glucan receptors
that are present on macrophages and dendritic cells
and is taken into targeted cells by phagocytosis. Orally
administered NPs silenced Map4k4 expression in LPStreated mice, thus protecting the mice from LPSinduced systemic inflammation by suppressing the
[24]
production of TNF-α and IL-1β .
CD98 overexpression on colonic epithelial cells
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Table 2 Antisense oligonucleotide therapies
Target gene
ASO
TNF-α
CD40
MAdCAM-1
STAT3
NPY

Delivery system

Administration

Ref.

No
No
No
No
No

Subcutaneous
Rectal
Subcutaneous
Rectal
Rectal

[30]
[33]
[34]
[36]
[38]

Rectal
Oral
Intraperitoneal
Intravenous
Oral

[39]
[40]
[42]
[43]
[44]

ASO with delivery system
TNF-α
gal-LMWC
NF-k B
CS-PLGA
MIF
SPG
CD40
nov038
TNF-α
cKGM

ASO: Antisense oligonucleotide; gal-LMWC: Galactosylated lowmolecular-weight chitosan; CS-PLGA: Chitosan-modified poly (D,Llactide-co-glycolide); SPG: Schizophyllan; nov038: Amphoteric liposome;
cKGM: Cationic konjac glucomannan phytagel.

and macrophages is involved in the development and
[25]
progression of IBD . CD98 siRNA was loaded into a
chitosan/alginate hydrogel; then, NPs were grafted
to single-chain CD98 Abs (scCD98) on the surface of
NPs. The scCD98-functionalized CD98 siRNA-loaded
NPs were approximately 200 nm in size and exhibited
high affinity for CD98-overexpressing cells. These NPs
significantly reduced CD98 levels in Colon-26 cells and
RAW 264.7 macrophages. Orally administered NPs
decreased the severity of colitis in both a T cell transfer
[26]
mouse model and a DSS-induced colitis model .

ANTISENSE OLIGONUCLEOTIDE
THERAPIES
Antisense oligonucleotide (ASO) are generally 13 to
25 bases in length; these oligomers are designed to
hybridize to mRNA that codes for a targeted protein.
ASOs can reduce the abundance of specific RNAs
through multiple mechanisms, such as the RNase
H-mediated degradation of target RNA, translational
[27]
arrest, and altered RNA splicing . However, ASOs
have a short in vivo half-life and poor biological
stability because they are rapidly degraded by intra
cellular endonucleases and exonucleases. Several
studies have demonstrated that replacement of the
native backbone phosphates with phosphorothioates
diminishes the degradation of ASOs by nucleases, thus
[28]
increasing their stability . Moreover, phosphorothioate
oligodeoxynucleotides (ODNs) are highly soluble,
easily administered and capable of activating RNase H
[29]
activity . Phosphorothioate ASOs have been used to
target: (1) TNF-α; (2) CD40; (3) mucosal addressing
cell adhesion molecule (MAdCAM)-1; (4) signal
transducers and activators of transcription 3 (STAT3);
and (5) neuropeptide Y (NPY) (Table 2).
ISIS 25302, which is specific for murine TNF-α, is
a phosphorothioate ODN that contains methoxyethylmodified nucleosides on its 5’ and 3’ ends. The
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methoxyethyl modification increases the affinity of
ASOs for targeted mRNA and nuclease resistance. In
in vitro experiments, ISIS 25302 decreased TNF-α
mRNA in a dose- and sequence-dependent manner
in a mouse macrophage cell line. ISIS 25302 subcu
taneous injection significantly decreased disease
activity index scores in mice with both acute and
chronic DSS-induced colitis and significantly improved
[30]
histopathological scores in IL-10-deficient mice .
The involvement of CD40 and CD154 in the
pathogenesis of IBD is apparent due to their increased
expression in the inflamed mucosa of patients and
based on the therapeutic effects of anti-CD154
[31]
Abs in experimental colitis . Due to their adverse
effects, the use of such Abs in patients with IBD
[32]
might be limited . The rectal administration of CD40
phosphorothioate ASO was used to block CD154/
CD40 and effectively interfered with CD154/CD40
interactions and attenuated 2,4,6-trinitrobenzene
[33]
sulfonic acid (TNBS)-induced colitis in rats .
The expression of MAdCAM-1 is restricted in gutassociated lymphoid tissues, and its expression
is dramatically increased in IBD. MAdCAM-1 phos
phorothioate ASOs were injected subcutaneously
into TNBS-induced colitis model mice. MAdCAM-1
ASOs significantly suppressed the development of
TNBS-induced colitis clinically and histopathologically
compared with controls. MAdCAM-1 ASO also reduced
the number of α4β7 lymphocytes in the inflamed
[34]
colonic mucosa .
The expression levels of STAT3 are increased in
[35]
IBD and colitis model mice . STAT3 phosphorothioate
ASO was administered by rectal enema during the
early phase of TNBS-induced colitis. Administration of
STAT3 ASO effectively inhibited STAT3 expression and
phosphorylation in the inflamed colonic mucosa of the
colitis models, and the rectal administration of STAT3
[36]
ASO significantly attenuated intestinal inflammation .
In the central nervous system, NPY regulates many
physiological functions, including stress. NPY has
been shown to play an important role in immune and
[37]
inflammatory responses . The rectal administration
of a NPY phosphorothioate ASO ameliorated DSSinduced colitis in rats, suggesting that NPY plays an
[38]
important role in modulating inflammation in colitis .

ASO DELIVERY SYSTEMS
Naked ASOs are unable to cross cellular membranes
and are rapidly degraded in vivo. Specialized delivery
systems are necessary for the delivery of ASOs to
target tissues for therapeutic efficacy. Delivery systems
have been reported for various targets, including (1)
TNF-α; (2) NF-kB; (3) macrophage-migration inhibitor
factor (MIF); (4) CD40; and (5) TNF-α for use in
treating IBD (Table 2).
A nano-complex based on galactosylated lowmolecular-weight chitosan (gal-LMWC) and TNF-α
ASO was developed to target activated macrophages
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for use in treating intestinal inflammation. Rectal
administration of a TNF-α ASO/gal-LMWC complex
resulted in the successful delivery of ASO into activated
colonic macrophages and a significant reduction
of colonic TNF-α in TNBS-induced colitis. A single
injection of TNF-α ASO/gal-LMWC was used to treat
TNBS-induced colitis and repeated injections were
used to treat T cell-transfer colitis; both treatments
[39]
significantly ameliorated colitis .
Chitosan (CS)-modified poly(D,L-lactide-coglycolide) (PLGA) NPs were developed and evaluated
for use with a NF-kB decoy ODN oral delivery system
to treat DSS-induced colitis. NF-kB decoy ODN uptake
studies using Caco-2 cells and confocal laser scanning
microscopy indicated that CS-PLGA NPs were more
effectively taken up by the cells than unmodified PLGA.
NF-kB decoy ODN/CS-PLGA improved the stability of
ODN against DNase Ⅰ and acidic media, such as gastric
juices. Orally administered NF-kB decoy ODN/CS-PLGA
[40]
significantly attenuated colitis .
MIF, which is mainly produced by macrophages,
[41]
has been shown to have a pathogenic role in IBD .
A delivery system for ASO using schizophyllan (SPG),
a polysaccharide that belongs to the β-(1-3) glucan
family, has been developed. This system has several
advantages, enabling the effective suppression of
targeted RNA or DNA; the SPG complex is stable in
vivo, and the SPG complex is effectively taken up into
macrophages by phagocytosis through Dectin-1. The
intraperitoneal injection of MIF ASO/SPG complex
effectively suppressed MIF production and significantly
[42]
ameliorated intestinal inflammation .
CD40-CD40L interactions appear to play an
important role in the pathogenesis of experimental
colitis. CD40 ASO was formulated in amphoteric
liposomes (nov038/CD40 ASO). The charge charac
teristics of amphoteric liposomes facilitate the
efficient sequestration of ASO inside the liposomes
at low pH and direct the carriers to macrophages
and dendritic cells. Delivery of nov038/CD40 ASO is
highly cell-specific because it selectively suppresses
CD40 on macrophages but not on B-cells. Systemic
administration of nov038/CD40 ASO effectively treated
[43]
TNBS-induced colitis and prevented its development .
TNF-α ASO NPs were constructed using cationic
konjac glucomannan (cKGM), phytagel and TNF-α
ASO. This DDS enabled the spontaneous release of an
ASO/cKGM nano-complex from the phytagel scaffold
into the colon lumen, where the ASO was transferred
into colonic macrophages via receptor-mediated
phagocytosis. Orally administered TNF-α ASO NPs
[44]
significantly attenuated DSS-induced colitis .

ASO THERAPIES IN CLINICAL TRIAL
Accumulating evidence has suggested that ASOs can be
used to inhibit specific targets, such as (1) NFκB-p65;
(2) intercellular adhesion molecule (ICAM)-1; and (3)
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Smad7 in experimental colitis models; this research has
led to clinical trials in IBD patients.

NF-k Bp65 ASO

NF-kB is a member of a family of transcription factors
that regulate the promoters of several genes, the
products of which are involved in many biological
[45,46]
processes
. In TNBS-induced colitis and IL-10deficient mice (two murine models of colitis), the p65
subunit of NF-kB was strongly activated and played a role
[47]
in the up-regulation of pro-inflammatory cytokines .
Targeting NF-kBp65 was also effective in treating DSS[48,49]
induced colitis and TNBS-induced colitis
. Clinical trials
for NF-kBp65 ASO are underway.

Alicaforsen

ICAM-1 is constitutively expressed at low levels in
leukocytes and vascular endothelial cells. ICAM-1 was
shown to be upregulated in the inflamed colon of IBD
[50]
patients , and neutralizing ICAM-1 Abs and ICAM-1
[51,52]
ASOs attenuated colitis in mice
. Alicaforsen
(ISIS 2302), an RNase H-dependent, 20-base-long
phosphorothioate ASO that was designed to inhibit
human ICAM-1, was the first ASO used to treat IBD. In
a phase Ⅰ clinical trial, intravenous alicaforsen was well
[53]
tolerated . In 20 active CD patients, alicaforsen was
[54]
superior to placebo in inducing clinical remission .
However, the efficacy of alicaforsen was not confirmed
in two double-blind, placebo-controlled, multicenter
[55,56]
clinical trials
.
Furthermore, the efficacy of alicaforsen was
investigated by administering this drug by rectal
enema to patients with mild to moderate left-sided
[57]
UC . Alicaforsen enema showed promising acute
and long-term benefits in UC patients. Individual
patient data in a meta-analysis of 200 patients from
four phase Ⅱ clinical trials confirmed the efficacy of
[58]
alicaforsen enema in patients with active UC .

Mongersen

The cytokine transforming growth factor (TGF)-β1,
which is produced by many mucosal cell types, is able
to negatively regulate the activation and function of
[59]
several immune cell types . The immunoregulatory
properties of TGF-β1 are mainly mediated by the Smad
[60]
pathway . Smad7, an inhibitor of TGF-β1 signaling,
is overexpressed in IBD mucosa and purified mucosal
T cells. Smad7, which is also inhibited by Smad7
ASO in cells isolated from IBD patients, restored
TGF-β1 signaling and enabled TGF-β1 to inhibit
[61]
cytokine production . Smad7 ASO (mongersen),
an RNase H-dependent, 21-base phosphorothioate
ASO, has been formulated as a solid oral dose. This
formulation is protected by an external tablet coating
made of pH (6.6-7.2)-dependent metacrylic acid
polymers, enabling the antisense to be released only
in the lumen of the terminal ileum and right colon.
In a phase Ⅰ study, mongersen was demonstrated
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plasmid DNA in type-B gelatin NPs. These NPs directed
the local transfection of IL-10 plasmid in inflamed
intestinal tissues and enhanced IL-10 expression. Orally
administered plasmid DNA encoding IL-10/NiMOS
suppressed proinflammatory cytokines, consequently
[67]
attenuating TNBS-induced acute colitis .

Table 3 Administration of anti-inflammatory mediators
Mediator
IL-10
IL-10
IL-10
IL-10

Delivery system
L. lactis
Gelatin microspheres
NiMOS

Other anti-inflammatory molecules
TNF-neutralization
L. lactis
PHB1
PEI-PVA
TFF
L. lactis
KPV
PLA
IL-27
L. lactis

Administration

Ref.

Oral
Rectal
Oral

[65]
[66]
[67]

Oral
Oral
Oral
Oral
Oral

[68]
[70]
[72]
[74]
[77]

Other anti-inflammatory molecules delivered using NPs

L. lactis: Lactococcus lactis; NiMOS: Nanoparticles-in-microspheres oral
system; PEI-PVA: Polyethyleneimine/polyvinyl alcohol; PLA: Polylactide.

to be safe and well tolerated in active CD patients.
Mongersen treatment produced a significant decrease
[62]
in CDAI scores . Furthermore, the efficacy of
mongersen for the treatment of active CD patients was
evaluated in a double-blind, placebo-controlled, phase
Ⅱ trial. This study demonstrated that the treatment
of active CD patients with mongersen resulted in
significantly higher rates of remission and clinical
[63]
response compared to placebo .

ADMINISTRATION OF
ANTI-INFLAMMATORY MEDIATORS
The administration of anti-inflammatory mediators,
especially IL-10, represents another biologic strategy
for IBD. Several anti-inflammatory mediator can
didates have been investigated using experimental
colitis models (Table 3).

IL-10 NPs

IL-10 is an anti-inflammatory cytokine that suppresses
the T helper 1 immune response and down-regulates
macrophages and monocytes. The therapeutic effect
of the systemic administration of IL-10 to IBD patients
[55]
has not been satisfactory . This failure is thought to
be due to the delivery of only low concentrations of
IL-10 to the intestinal tissues. Moreover, higher doses
of systemically administered IL-10 caused adverse
[64]
effects . Topical therapy using nanotechnology,
such as oral and rectal administration, might improve
efficacy and safety by localizing the effect of IL-10 to
the inflammation site, thus preventing side effects.
The oral administration of genetically engineered
IL-10-secreting Lactococcus lactis (L. lactis) provided
in situ synthesis of IL-10, which resulted in a 50%
reduction of inflammation in DSS-induced colitis mice
and prevented the onset of colitis in IL-10-deficient
[65]
mice .
Recombinant IL-10 was loaded into gelatin micro
spheres (GMs). Rectal administration of these GMs
[66]
(GM-IL-10) attenuated colitis in IL-10-deficient mice .
NiMOS was formulated with IL-10-expressing
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Other anti-inflammatory molecules, such as (1) TNFneutralizing nanobodies; (2) prohibitin 1 (PHB); (3)
trefoil factors (TFF); (4) the tripeptide Lys-Pro-Val
(KPV); and (5) IL-27, were investigated in experimental
colitis models and might represent novel candidate
therapeutics for the treatment of human IBD.
L. lactis was engineered to secrete monovalent
and bivalent murine TNF-neutralizing nanobodies
as therapeutic proteins. These therapeutic proteins
are derived from fragments of heavy-chain camelid
antibodies and are more stable than conventional
antibodies. Orally administered nanobody-secreting
L. lactis significantly reduced inflammation in DSSinduced chronic colitis mice and in IL-10-deficient
[68]
mice .
Genetic restoration of intestinal epithelial PHB1
levels during experimental colitis reduced the severity
of the disease by sustaining epithelial antioxidant
[69]
expression and reducing NF-kB activation . Recom
binant PHB/polyethyleneimine (PEI) was loaded into
polylactide (PLA) NPs and then covered with polyvinyl
alcohol (PVA). The therapeutic potential of this system
for restoring epithelial PHB was then examined in a
DSS-induced colitis model. The oral administration
of PHB/PEI-PVA resulted in increased levels of PHB
in colonic epithelial cells and decreased severity of
[70]
colitis .
TFFs are cytoprotective and promote epithelial
wound healing and reconstitution of the gastro
intestinal tract; thus, TFFs are good candidate thera
[71]
peutics for use in treating acute colitis . The foodgrade bacterium L. lactis was engineered to secrete
bioactive murine TFF. Oral administration of TFFsecreting L. lactis led to the active delivery of TFF at
the mucosa of the colon and proved very effective
in the prevention and healing of acute DSS-induced
colitis and in improving established chronic colitis in
[72]
IL-10 deficient mice .
The anti-inflammatory tripeptide Lys-Pro-Val
[73]
(KPV)
was loaded into polylactide (PLA) nano
particles and encapsulated into a polysaccharide gel
containing alginate and chitosan polymers. NP-KPV
was much more effective than free KPV in reducing the
inflammatory response induced by LPS in the intestinal
epithelia of mice. The effective dose of NP-KPV was
12000 times lower than that of KPV in free solution.
Furthermore, NP-KPV demonstrated therapeutic
[74]
efficiency in treating DSS-induced colitis models .
[75,76]
IL-27 has an immunosuppressive role
. A
localized IL-27 delivery system was synthesized in L.
lactis by incorporating a linker between the two chains
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of IL-27; codons and a secretory signal sequence
preferred by L. lactis (LL-IL-27) were used. LL-IL-27
administration protected against colitis in a T cell
transfer model by increasing the production of IL-10.
The oral administration of LL-IL-27 might be a more
[77]
effective and safe therapy for IBD .

CONCLUSION
In this review, we provide novel insights into the
role of nanomedicine in IBD treatment. ASO, siRNA
and anti-inflammatory molecules with drug delivery
vehicles generally undergo cellular internalization by
paracellular transport or endocytosis into intestinal
epithelial cells. Specialized differentiated epithelial
cells called M cells are involved in the predominant
uptake of nanoparticles in healthy intestinal mucosa.
In intestinal inflammation, a loss of mucous-gel layers
and the epithelial barrier through enterocyte damage
and increased delivery of immune cells to the mucosal
tissue have been shown to lead to the preferential
accumulation and uptake of nanomedicines by
[78]
both enterocytes and macrophages . Therefore,
the topical therapy of nanomedicine by oral and
rectal administration can be effective in treating the
inflammation site.
Important factors in targeting the intestine
are not only the use of nano-size molecules but
also the implementation of additional strategies to
enhance drug delivery to inflamed intestinal mucosa
and achieve maximal retention time in tissues. As
summarized in this review, nanomedicine strategies
for IBD treatment have proven effective for the
treatment of experimental colitis models; however,
further studies on the effects of nanomedicine in
human IBD are warranted. Specifically, there is a need
for further investigation of the safety and efficacy of
nanomedicine in human IBD. Recently, the efficacy
of phosphorothioate ASOs was demonstrated in
[79,80]
patients with IBD and various types of cancer
. By
accumulating further evidence, clinical applications
of nanomedicine will be realized. In the future,
locally targeted nanomedicine may provide a tailored
treatment for the control of the immune response
and the inhibition of inflammation in individual IBD
patients.
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Abstract
Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal disorder characterized by
presence of abdominal pain or discomfort associated
with altered bowel habits. It has three main subtypes
- constipation predominant IBS (C-IBS), diarrhea
predominant IBS (D-IBS) and IBS with mixed features
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of both diarrhea as well as constipation (M-IBS). Its
pathophysiology and underlying mechanisms remain
elusive. It is traditionally believed that IBS is a result
of multiple factors including hypersensitivity of the
bowel, altered bowel motility, inflammation and stress.
Initial studies have shown familial aggregation of IBS
suggesting shared genetic or environmental factors.
Twin studies of IBS from different parts of world have
shown higher concordance rates among monozygotic
twins than dizygotic twins, and thus suggesting a
genetic component to this disorder. Multiple studies
have tried to link single-nucleotide polymorphisms
(SNPs) to IBS but there is little evidence that these
SNPs are functional. Various molecules have been
studied and investigated by the researchers. Serotonin,
a known neurotransmitter and a local hormone in the
enteric nervous system, has been most extensively
explored. At this time, the underlying gene pathways,
genes and functional variants linked with IBS remain
unknown and the promise of genetically-determined
risk prediction and personalize medicine remain
unfulfilled. However, molecular biological technologies
continue to evolve rapidly and genetic investigations
offer much promise in the intervention, treatment and
prevention of IBS.

Core tip: Irritable bowel syndrome (IBS) is believed
to result from interplay of several factors including
hypersensitivity of the bowel, altered bowel motility,
inflammation and stress. Familial aggregation of
cases and twin studies underscore the genetic basis
of IBS. Different researchers have studied several
candidate genes but the evidence so far linking IBS to
specific genes is inconsistent and weak. Genome wide
association studies that can examine several common
genetic variants are needed to design newer drugs and
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diagnostic methods.
Makker J, Chilimuri S, Bella JN. Genetic epidemiology of
irritable bowel syndrome. World J Gastroenterol 2015; 21(40):
11353-11361 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i40/11353.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i40.11353

INTRODUCTION
Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal disorder with a worldwide
[1]
prevalence rates ranging between 7%-21% . It is
a clinical diagnosis that does not require diagnostic
testing unless needed to exclude other diagnostic
possibilities. It is characterized by presence of
abdominal pain or discomfort associated with altered
bowel habits. Rome Ⅲ criteria that assess the
relationship between abdominal pain or discomfort,
stool form and change in bowel frequency is the
most accepted criteria used in clinical practice for
[2]
making a clinical diagnosis . Three clinical types
have been recognized based on altered bowel motility
and the resulting predominant feature - constipation
predominant IBS (C-IBS), diarrhea predominant IBS
(D-IBS) and IBS with mixed features of both diarrhea
as well as constipation (M-IBS).
The genetic basis of IBS has been suggested by
familial aggregation and twin studies. Furthermore,
over the last decade, several candidate genes have
been identified that are potentially linked to IBS.
This review will further elaborate on our current
understanding of genetic epidemiology of IBS.

Genetic Epidemiology of IBS
Familial aggregation of IBS

Mankind is familiar with IBS for more than a century
but its pathophysiology and underlying mechanisms
remain elusive. It is traditionally believed that IBS is
a result of multiple factors including hypersensitivity
of the bowel, altered bowel motility, inflammation and
stress. Initial studies have shown familial aggregation
of IBS suggesting that genes or shared environmental
exposures contribute to the development of IBS (Table
[3]
1). In one of the earlier studies by Whorwell et al
while investigating the non colonic symptoms of IBS,
investigators found that 33% of IBS patients had a
family member with IBS as compared to only 2% in
the control group (p < 0.0001). In an interesting study
[4]
by Levy et al it was revealed that children of parents
who had IBS made 20% more ambulatory care visits
than the children of parents without IBS (P = 0.0001).
In the same study, researchers also showed that these
children who had a parent with IBS made 50% more
visits for gastrointestinal symptoms as compared to
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control group (P = 0.0001). In the study by Locke et
[5]
al , a survey of people residing in Olmsted county of
Minnesota with functional gastrointestinal disorders
showed higher odds (OR = 2.3; 95%CI: 1.3-3.9) of
reporting a relative with gastrointestinal symptoms
among these individuals. Studies by Kalantar et
[6]
[7]
al and Saito et al are the other examples where
relatives of IBS patients and controls were interviewed
and it was determined that statistically higher
percentage of IBS patients’ relatives had IBS as
compared to control patients’ relatives (17% vs 7%,
OR = 2.7; 95%CI: 1.2-6.3 and 37% vs 16%, P = 0.002
[8]
respectively). In another study by Saito et al besides
showing aggregation of IBS cases among family
members, lack of any association in spouses was also
shown. In a recent large nationwide case cohort study
from Sweden, a higher odds ratio of IBS was found in
first, second and third degree relatives of IBS patients
(OR for first degree relatives: 1.75-1.90, for second
degree relatives: 1.10-1.78 and third degree relatives:
[9]
1.11) . These studies further support the concept of
shared genes or shared environmental exposures.
Similarly, twin studies have also demonstrated
the role of genes in IBS. The first twin study from
[10]
Australia by Morris-Yates et al
and another study
[11]
involving Swedish twin pairs by Svedberg et al
emphasized the genetic basis of IBS. Studies by
[12]
[13]
Levy et al
and Bengtson et al
involving 281 twin
pairs in United States and 3334 twin pairs in Norway
respectively showed higher concordance rate for IBS
among monozygotic twins than in dizygotic twins
(17.2% vs 8.4%, p = 0.03; 22.4% vs 9.1%, p = 0.011
[14]
respectively). In the study by Lembo et al , 986 twin
pairs from Minnesota twin registry were surveyed and
their results concur with results of the studies from
the other countries and showed the higher rate of
IBS among monozygotic twins. Though all these twin
studies mentioned above underscore the genetic basis
[15]
of IBS, the study by Mohammed et al
did not come
to the same conclusion and found no difference in
concordance rates between monozygotic and dizygotic
twins.

Candidate Gene Studies and IBS
Serotonin and IBS

Many investigators have focused on specific candidate
genes and whether variation in these genes is
associated with IBS. Serotonin (5-hydroxytryptamine,
5-HT) is the most widely studied molecule due
to its role in brain-gut axis and abundance in the
gastrointestinal tract. Majority of body serotonin is
present in gastrointestinal tract where it is synthesized
mainly by enterochromaffin cells (EC cells) and some
of it by myenteric plexus neurons. Serotonin is a
known neurotransmitter and a local hormone in the
enteric nervous system. It is released from EC cells
in response to variety of stimuli and exerts its local
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Table 1 Familial aggregation studies
Authors (Year)

Number of
IBS patients

Conclusion

Whorwell et al[3]
(1986)
Levy et al[4]
(2000)

100

Locke et al[5]
(2000)

643

Kalantar et al[6]
(2003)
Saito et al[7]
(2008)
Saito et al[8]
(2010)
Waehrens et al[9]
(2015)

181

Significant number of IBS patient had
another family member with IBS
Children of parents with IBS made
more visits for gastrointestinal
symptoms
People with functional gastrointestinal
disorders had higher odds of reporting
a relative with similar symptoms
IBS prevalence was higher among IBS
patients' relatives
Statistically higher percentage of IBS
patients’ relatives had IBS
50% of IBS patients had at least
another relative with IBS
Increased risk of IBS among first,
second and third degree relatives of
IBS patients

373

50
477
51952

IBS: Irritable bowel syndrome.

paracrine effects through serotonin receptors. There
are seven serotonin receptors identified so far named
as 5-HT1 to 5-HT7. Out of these seven receptors,
5HT1 to 5-HT4 and 5HT7 play a key role in mediating
intestinal responses. The effect of serotonin molecule
initiated after its binding to serotonin receptor is
eventually terminated by its uptake through a serotonin
[16]
reuptake transporter (SERT) .
There is evidence that patients with IBS have
defects in serotonergic signaling. Almost four decades
ago, it was discovered that patients with IBS have
[17,18]
more number of EC cells as compared to controls
.
Since then numerous studies have explored the
relationship between EC cells, serotonin and IBS.
[19]
Study by Bearcroft et al
demonstrated that patients
with D-IBS have higher blood levels of serotonin.
[20]
Similarly studies by Dunlop et al
and Atkinson et
[21]
al
have shown higher blood levels of serotonin in
D-IBS patients and lower blood levels of serotonin
in C- IBS patients. These authors also measured the
levels of 5-HIAA (5-hydroxyindoleacetic acid), a 5-HT
metabolite, in the rectal mucosal biopsy specimens
and blood to obtain 5-HT/5-HIAA ratios as a surrogate
marker for serotonin turnover. Based on analysis of
5-HT/5-HIAA ratios in blood and mucosal biopsies,
serotonin release defects in C-IBS and serotonin
uptake defects in D-IBS were suggested. In the search
for an explanation to these differences SERT functions,
polymorphism of SERT gene has been extensively
investigated.
The SERT gene, also known as solute carrier family
6 member 4 (SLC6A4), was mapped to chromosome
[22]
17q11.2 by Ramamoorthy et al in 1993. Polymorphic
loci that affect the expression and function of SERT
gene have been identified. There is a GC base pair
rich repetitive sequence located at 5’ regulatory end
of the SERT gene and is labeled as 5-HT transporter
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linked promoter region (5-HTT LPR). Polymorphism
due to deletion or insertion of 44 base pairs in this
region resulting in a long (L) and short (S) allele was
[23]
first discovered by Heils et al . Another common
polymorphism of SERT gene results from a variable
number of 17 base pair repeats (VNTR: variable
[24]
number tandem repeats) in the intron 2 of gene .
VNTR has 4 alleles described with 9, 10, 11 and 12
repeats.
The evidence on the relationship between different
genotypes and their phenotypic expression comes
[25]
from a study conducted by Lesch et al . Lesch et
[25]
al
found that S/S genotype as compared to other
genotypes L/L and S/L had less 5-HT uptake resulting
in higher blood levels of 5-HT. Based on studies from
[20]
[21]
Dunlop et al
and Atkinson et al
where defects
in serotonin uptake were suggested in D-IBS, S/S
genotype was expected to be associated with D-IBS.
Several researchers have explored the association
between IBS and SERT gene since then but have
come up with conflicting results. In 2002 for the first
[26]
time, Pata et al
demonstrated higher percentage
of C-IBS patients to have S/S genotype and D-IBS
to have L/S genotype. In the same year Camilleri
[27]
et al
investigated the association between SERT
polymorphism and response to Alosetron (5-HT3
receptor antagonist) and found higher response rates
to the drug in IBS individuals with L/L genotype.
[28]
According to the study by Lee et al
in the Korean
population there was no association between IBS
and SERT gene polymorphism. However, another
[29]
Korean study by Park et al found significantly higher
frequency of S/S genotype among patients with D-IBS,
[26]
contrary to results of study by Pata et al
mentioned
above. Similarly, in the North American study by Yeo
[30]
et al
S/S genotype was found to be associated
[31]
with D-IBS female patients but Saito et al
found
a significantly higher number of S/S genotype with
M-IBS patients. In the study involving Indian IBS
patients a significant association was found between
[32]
S/S genotype and C-IBS . In a Chinese study by
[33]
Li et al
allele frequency of the L/L genotype was
significantly higher in the C-IBS group. In the same
study, researchers also demonstrated poor response to
Tegaserod (5HT4 partial selective agonist) associated
with L/L genotype.
Another polymorphism pertaining to a single
nucleotide polymorphism locus, rs25531 that is located
immediately upstream of 5-HTTLPR was described
[34]
by Kohen et al . It has two - A and G alleles. Hu et
[35]
al
showed that A variant of L allele (designated as
LA) yields higher SERT expression as compared to
G variant of L allele (designated as LG). This implies
that LG (G variant of rs25531 with L allele) actually
behaves as the low expressing S allele. With respect to
[36]
VNTR polymorphism, one study
found a significant
association between the VNTR polymorphism and IBS
[30]
[26]
but other studies by Yeo et al , Pata et al and Li et
[33]
al did not find any significant association.
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To investigate the possible association between IBS
subtypes and SERT polymorphism, Van Kerkhoven
[37]
et al
conducted a meta-analysis of eight studies in
2007 that found no significant association between
SERT polymorphism and IBS subtypes. Another metaanalysis conducted in 2013 that included more recent
studies conducted since the first meta-analysis by
Van Kerkhoven et al in 2007, concluded a positive
[38]
association between SERT polymorphism and C-IBS .
In another meta-analysis from 2013 performed by
[39]
Areeshi et al that included twelve studies comprising
2068 IBS patients, no association was found between
SERT polymorphism and IBS overall. However, when
the studies were stratified according the country of
origin, significant association was found in American
and Asian studies. The most recent meta-analysis
with the largest sample size, involving 25 studies
comprising of 3443 IBS patients found a positive
association between SERT polymorphism and IBS
but this association was found only in the East Asian
[40]
population and not in the Caucasian population .
One probable explanation for this ethnic difference,
as evidenced by this meta-analysis, could be the
significantly lower frequency of L allele among the East
Asian population as compared to Caucasian controls.
Besides the most widely studied polymorphism
involving SERT LPR discussed above, several other
polymorphism loci have been explored. These include
polymorphisms of gene involving other serotonin
[41-43]
[44]
receptors - 5-HT2A gene
and 5-HT3E gene and
yet again the studies have yielded either conflicting
results or need further validation in other ethnic
groups.
Tryptophan hydroxylase (TPH), the rate-limiting
enzyme in 5-HT biosynthetic pathway has two
isoforms - TPH1 and TPH2 encoded by genes on
[45]
chromosome 11 and 12 respectively. Jun et al found
no association between TPH1 gene single nucleotide
polymorphism and risk of developing IBS, however
found significant association with severity as well as
number of days with diarrhea in IBS patients. TPH2
gene polymorphism was also tested and shown to
be associated with reduced risk of having IBS but
statistically this difference was barely significant.
Similar to this study by Jun et al, no association was
found between genotype frequencies and IBS in the
[46]
study conducted by Grasberger et al . But the CC
genotype was found to be more prevalent in IBS-D
patients in the study. Researchers that investigated the
colonic mucosa levels of TPH1 mRNA in IBS patients
found significantly reduced TPH1 mRNA levels in both
[47]
IBS subtypes .

Cytokines and IBS
Cytokines are important mediators of inflammatory
and immune responses. Cytokines have an established
role in the inflammation of gastrointestinal tract,
however the role in IBS is not yet clear. Genes involving
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various cytokines and inflammatory pathways have
been studied. These involve genes for tumor necrosis
factor-alpha (TNF-α), Transforming growth factor beta
1 (TGF-β1), interleukin-8 (IL-8) and interleukin-10
(IL-10). Production of these cytokines is under the
genetic control and based on polymorphism involving
genes coding these cytokines, high and low cytokine
producing alleles been identified.
IL-10 gene polymorphism located at position 1082
constituting G to A substitution yields two types of
alleles - allele G associated with high production of
IL-10 whereas allele A associated with low production
[48]
of IL-10 . Similarly for TNF-α, allele A and for TGF-β1,
[49]
alleles T and G are identified as high producers .
[50]
Gonsalkorale et al , found significantly less number
of high producer alleles of IL-10 in patients with IBS.
Subsequently there were studies that highlighted the
[51,52]
relationship between IBS and IL-10
but on the
other hand others showed no association among the
[53]
two . Similarly the studies that explored the role of
other cytokines like TNF-α also had conflicting results.
[52]
Chang et al
did not find any positive association
[53]
between IBS and TNF-α but van der Veek et al
on
the other hand found that high producer genotypes
of TNF-α were more prevalent in patients with IBS.
Inconsistent findings of these and other studies led to
[54]
a meta-analysis by Bashashati et al
that comprised
of five studies with 529 IBS patients and looked at
three cytokines - IL-10, TNF-α and TGF-β1. The metaanalysis found a decreased risk of IBS among high
producer genotypes of IL-10 (1082, G/G), positive
correlation between TNF (G/A genotype) and Asian IBS
patients and failed to find any significant association
between IBS and TGF-β1 gene polymorphism. Another
more recent and larger meta-analysis by Bashashati
[55]
et al
comprising of nine studies found no difference
in blood IL-10 levels and IBS patients but based on
gender stratification a significant association was found
among men with IBS and lower IL-10 levels. With
regards to TNF-α, the meta-analysis found that all IBS
subtypes and women had significantly higher blood
levels of TNF-α. In another meta-analysis comprising
8 studies with 928 IBS patients, all three known
polymorphisms of IL-10 gene - rs1800870 (1082 G/A),
rs1800871 (819C/T), and rs1800872 (592A/C) were
explored. The meta-analysis concluded that one of
the polymorphism was significantly associated with
IBS in Caucasians (rs1800870), second (rs1800872)
associated with IBS in Asians and third (rs1800871)
[56]
had no association to IBS .

Cannabinoids
Δ9-Tetrahydrocannabinol, active ingredient of cannabis,
acts through two cannabinoid receptors - CB1 and
CB2. While CB1 mediates neurotransmitter release
in the peripheral and central neuronal pathways, CB2
is associated with immune functions. CB1 receptors
are present throughout the gastrointestinal tract
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and endocannabinoids mediate their gastrointestinal
effects through these receptors. Action of the
endocannabinoids is terminated by their uptake and
subsequent metabolism by the enzyme fatty acid amide
[57]
hydrolase (FAAH) . Gene coding for CB1 receptor has
been mapped to chromosome 6 and polymorphism
involving AAT triplet microsatellite flanking 3’ end
[58]
has been described in literature . In a Korean study
[59]
by Park et al
a significant association was found
between IBS and the AAT triplet genotype with more
than 10 repeats. Similar results were replicated by
[60]
another Chinese study conducted by Jiang et al .
These authors also studied another single nucleotide
polymorphism (rs324420) involving FAAH gene and
found that A/A genotype was present less frequently
in patients with IBS as compared to healthy controls
but the difference was not statistically significant. In
[61]
another study by Camilleri et al
comprising mainly
of Caucasians investigated the association between
phenotypic expression (colonic transit and rectal
sensation) and genetic variations - AAT polymorphism
as well as another polymorphism locus (rs806378) of
CB1 receptor gene. The group found no association
between AAT repeat polymorphism and phenotypic
expression - colonic transit and rectal sensation.
However, a significant association between D-IBS
and colonic transit as well sensation rating of gas was
found.

Other mediators
TNFSF15, also known as TL1a, is a member of tumor
necrosis factor super family (TNFSF) of ligands. It
binds to death receptor 3 (DR3) and mediates T cell
proliferation, secretion of inflammatory cytokines and
T cell immune responses. Polymorphism of TNFSF15
gene has been well established to be associated with
inflammatory bowel disease. Its association with C-IBS
[62]
was shown in a study by Zucchelli et al , whereas
[63]
Swan et al found it to be associated with D-IBS.
Cholecystokinin (CCK), a gastrointestinal tract
peptide hormone acts through two receptors - CCK1
and CCK2. Genetic polymorphism of CCK1 was found
more commonly among C-IBS and M-IBS patients in a
[64]
study by Park et al . In another study evaluating the
effects of a CCK1 antagonist in C-IBS patients, gastric
emptying was accelerated but no effect on overall
[65]
colonic motility was found .
Enzyme catechol-o-methyltransferase (COMT)
that degrades the catecholamines including adre
naline, noradrenaline and dopamine is another
possible molecule related to IBS. Both, COMT gene
polymorphism as well as IBS, have been shown
[66]
[67]
to be associated with pain
and anxiety . On
these grounds the relationship between COMT gene
polymorphism and IBS was also explored. Karling et
al found that val/val allele of COMT gene encoding
high COMT activity enzyme was more common among
D-IBS patients. On the contrary, Chinese researchers
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[68]

Wang et al
found val/val allele to be protective
against IBS, whereas the other allele met/met
encoding reduced COMT activity enzyme significantly
associated with elderly D-IBS patients. Interestingly in
[69]
another study by Hall et al investigating the placebo
effect, the cases with allele (met/met) were found to
be most responsive to placebos.
Single nucleotide polymorphism C825T on gene
encoding β-3 subunit of the guanine nucleotide binding
protein (GNβ3) was also explored. Studies from United
[70]
[71]
States by Andresen et al
and Saito et al
found
no relationship between this polymorphism and IBS
patients. On the contrary, significant relationship
among the GNB3 polymorphism and Korean as well
[72]
Greek IBS patients was shown by Lee et al
and
[73]
Markoutsaki et al
respectively. But other Korean
[74]
study as well as study from China did not show any
[68]
association of the same polymorphism to IBS .
Hypothalamic hormone, corticotropin releasing
hormone (CRH), which mediates its effects through
two receptors - CRH1 and CRH2 has also been
[75]
studied. Sato et al
explored three single nucleotide
polymorphism of CRH1 gene and found significant
association with IBS symptoms.
Mediators of autonomic system also have been
implicated in pathogenesis of IBS. Association between
autonomic dysregulation and IBS has been already
[76,77]
shown in other studies
. α2-adrenergic receptors
that are present on both presynaptic as well as
postsynaptic locations and have three subtypes - 2A,
2B and 2C, are encoded by gene on chromosome 10.
A 12 base pair deletion polymorphism of adrenergic
receptor 2C (denoted α2C Del 322-325) and another
single nucleotide polymorphism involving adrenergic
receptor 2A gene (C1291G) were studied by Kim et
[78]
al
Both the polymorphisms were found to have
significantly higher odds (odds ratio 2.48 and 1.66
respectively) to be associated with C-IBS. In contrast,
[79]
Sikander et al
in Indian IBS patients and Choi et
[80]
al
in Korean IBS patients found an association
between adrenergic receptor 2A gene polymorphism
[81]
and D-IBS. Whereas in the study by Camilleri et al
no association was found between adrenergic receptor
2A gene polymorphism and IBS. Cholinergic muscarinic
receptor type 3 gene polymorphism (rs3738435) was
[82]
investigated by Onodera et al Though no association
was found between the polymorphism and different
IBS subtypes, researchers found the polymorphism to
be associated with the duration of disease.
So far the expedition to find a genetic basis for
IBS has included wide array of studies ranging from
epidemiological familial aggregation studies to gene
polymorphism testing studies. Though these studies
in several ways have shown the possible hereditary
component of IBS but most of the studies have
provided only weak evidence between the two. In the
last decade gene search studies have focused more on
detecting gene polymorphisms. Several possible gene
polymorphisms have been shown to be associated
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al linkage was shown between IBS and two genes
mapped to locus 7p22.1. The two genes mapped
to this locus were KDEL receptor 2 gene (KDELR2)
and glutamate receptor ionotropic delta 2 interacting
[84,85]
protein (GRID2IP)
.

Table 2 Candidate genes associated with irritable bowel
syndrome
Gene studied
Serotonin or 5-HT reuptake
transporter (SERT) gene –
SLC6A4
5HT2A
5HT3A
5HT3E
Tryptophan hydroxylase 1
(TPH1)

Tryptophan hydroxylase 2
(TPH2)
Tumor necrosis factor–alpha
(TNF-α)
Transforming growth factor
beta 1 (TGF-β1)
Interleukin-10 (IL-10)

Cannabinoid receptor 1 (CB1)

Tumor necrosis factor super
family 15 (TNFSF15)
Cholecystokinin 1(CCK1)
Catechol-o-methyltransferase
(COMT)
Guanine nucleotide binding
protein (GNβ3)
Corticotropin releasing
hormone receptor 1(CRH1)

Polymorphism
5-HTT LPR – S and L alleles[23]
rs25531 – A and G alleles[34]
VNTR - alleles with 9, 10, 11 and 12
repeats[24]
1438 (G/A) and 102 (C/T)[41]
c.-42C>T[85]
rs62625044 - 76 (G/A)[44]
rs4537731 – 6526 (A/G)[45]
rs684302
rs21105
rs1800532 – 218 (A/C)
rs1799913 – 779 (A/C)
rs4570625 – 709 (G/T)[45]

Future Directions

308 (G/A)[53]
869 (T/C)[54]
915 (G/C)[54]
rs1800870 - 1082 (G/A)[50]
rs1800871 - 819 (C/T)[53]
rs1800872 - 592 (A/C)[56]
AAT triplets[59]
rs324420[60]
rs806378[61]
rs4263839[62]
779 (T/C)[64]
rs 4680 - 158 (Val/Met)[68]
rs 5443 - 825 (C/T)[68]

α2-adrenergic receptor 2A
α2-adrenergic receptor 2C
Cholinergic muscarinic
receptor type 3

rs110402[75]
rs242924
rs7209436
1291 (C/G)[80]
Del 322-325[78]
rs3738435[82]

with IBS as a result of growing interest in gene
polymorphisms. Even though the P values of these
small studies show strength of association between the
polymorphism tested and IBS but it cannot be taken
as equivalent to genetic basis of IBS.

Genome-wide association studies

In addition to candidate gene-based association
studies, association studies have also been conducted
in a systematic, genome-wide manner. Genome wide
association studies (GWAS) utilize high throughput
genotyping techniques to assay hundreds of thousands
of the most common form of genetic variation, the
single-nucleotide polymorphism (SNP) and relate
genotypes at these variants to the phenotypes of
[83]
diseases and other traits . This approach permits
the interrogation of much of the common variation in
the entire genome in thousands (or even hundreds of
thousands) of unrelated individuals, achieving a higher
positional resolution than is reasonably possible. In
the first and so far the only GWAS by Weronica et
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The field of genetics exploring the underlying potential
IBS genes is rapidly evolving. However, huge gaps in
our understanding of this complex disorder remain and
need further study. Genetic research efforts that are
focused on studying the candidate gene polymorphism
have so far provided the weak evidence at the best.
Gene linkage studies and genome wide association
studies are needed to understand the deficiencies in
our current knowledge. In the future studies, it will be
also of importance to explore how the environment
influences these newly discovered genes.
IBS is a complex functional gastrointestinal
disorder that poses a great challenge to both, the
affected patients and the physicians treating the ones
affected. Historically, underlying pathophysiology is
believed to be interplay of hypersensitive gut with
key contributions from psychological, social and
environmental factors. Genetic basis has also been
suggested by familial aggregation of cases as well
as high concordance rate among monozygotic twins
than dizygotic twins. Gene hunt efforts, so far, have
explored several potential candidate genes (Table 2)
and shown association between polymorphic gene loci
and different IBS phenotypes. While studies so far have
been less than emphatic in their results due to small
sample sizes, varying criteria used to diagnose IBS,
heterogeneity of methods used and ethnic differences
of the participants tested, there is convincing evidence
that a proportion of IBS are due to additive genetic
effects. As an alternative to current gene specific
candidate driven approach, larger and non-candidate
gene driven studies in the form of GWAS are needed
to understand this common and complex disorder.
Such genome wide studies may provide much needed
insight into the genetic susceptibility of IBS and could
aid in development of novel therapeutic strategies to
diagnose, treat and prevent this disorder.
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Abstract
Irritable bowel syndrome (IBS) and functional
constipation (FC) are the most common functional
gastrointestinal disorders. According to the Rome Ⅲ
Criteria these two disorders should be theoretically
separated mainly by the presence of abdominal pain
or discomfort relieved by defecation (typical of IBS)
and they should be mutually exclusive. However, many
gastroenterologists have serious doubts as regards a
clear separation. Both IBS-C and FC, often associated
with many other functional digestive and non digestive
disorders, are responsible for a low quality of life.
The impact of the media on patients’ perception of
these topics is sometimes disruptive, often suggesting
a distorted view of pathophysiology, diagnosis and
therapy. These messages frequently overlap with
previous subjective opinions and are further processed
on the basis of the different culture and the previous
experience of the constipated patients, often producing
odd, useless or even dangerous behaviors. The aim of
this review was to analyze the most common patients’
beliefs about IBS-C and CC, helping physicians to
understand where they should focus their attention
when communicating with patients, detecting false
opinions and misconceptions and correcting them on
the basis of scientific evidence.
Key words: Irritable bowel syndrome; Chronic constipation;
Functional constipation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The media often suggests a distorted view
of pathophysiology, diagnosis and therapy of irritable
bowel syndrome and chronic constipation. These
messages frequently overlap with previous subjective
opinions and are further processed on the basis of the
different culture and the previous experience of the
constipated patients, often producing odd, useless or
even dangerous behaviors. The aim of this review was
to analyze the most common patients’ beliefs regarding
these disorders, helping physicians to understand
where they should focus their attention when
communicating with patients, detecting false opinions
and misconceptions and correcting them on the basis
of scientific evidence.
Bellini M, Gambaccini D, Usai-Satta P, De Bortoli N, Bertani
L, Marchi S, Stasi C. Irritable bowel syndrome and chronic
constipation: Fact and fiction. World J Gastroenterol 2015;
21(40): 11362-11370 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i40/11362.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i40.11362

STATE OF THE ART
Irritable bowel syndrome (IBS) and functional cons
tipation (FC) are the most common functional gastro
intestinal disorders. They negatively affect quality of
life and are associated with a significant economic
burden related to direct and indirect annual health[1,2]
care costs .
Most gastroenterologists, mainly on a scientific
[3]
basis, use the Rome Ⅲ Criteria (Figure 1), which
divide non organic constipation into functional
constipation (FC) and IBS-C. These two different
categories are theoretically separated mainly by the
presence of abdominal pain or discomfort relieved
by defecation (typical of IBS) and they should
be mutually exclusive: in FC abdominal pain and
discomfort are not included in the definition. In clinical
practice the situation is somewhat different and many
gastroenterologists have serious doubts about clearly
[4-7]
separating these two disorders .
Population-based studies carried out in North
America reveal that between 1.9% and 27.2%
of individuals experience constipation, with most
[8]
estimates ranging from 12% to 19% . These different
values are probably due to the fact that constipation
is a symptom rather than a disease, susceptible
to different and subjective interpretations of a real
[9]
or imagined disturbance of bowel function . This
generates many different definitions, some focusing on
the interval between defecations (number of weekly
defecations), and others reflecting the sensation of
difficult defecation or incomplete bowel movements,
with an objective assessment of stool consistency
[10]
being rarely used in clinical practice . A recent
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meta-analysis shows an IBS prevalence of 11.2%.
The prevalence varied according to the countries and
criteria used to define IBS. The lowest prevalence
appeared in South Asia (7.0%) and the highest in
South America (21%). Women are at a slightly higher
[11]
risk of both CC and IBS than men .
Both IBS-C and CC are often associated with
[12-16]
functional digestive and non digestive disorders
.
In particular, IBS-C patients show a higher prevalence
of psychological disorder, a higher rate of depression
and anxiety and a lower quality of life than patients
[17]
with IBS-D .
The impact of the media on the perception of
these topics is often disruptive because it proposes
a distorted view of these disorders. This message
frequently overlaps with previous subjective opinions
and is further processed on the basis of the different
culture of our patients, often producing odd, unhelpful
or even dangerous behaviors. The aims of this review
were to analyze the false beliefs of IBS-C and CC
patients, which are influenced by a wide variety of
factors, both internal to the patients themselves as
well as the external media messages. Moreover, we
will lay out a framework to help us understand where
the clinicians should focus the patients’ attention when
communicating with them.

I underwent a barium enema/colonoscopy and they
found my colon longer than normal; they told me it’s
the reason why I’m constipated and it would be better to
shorten it. Could we cut a good piece away?

For the first time, Sir Arbuthnot Lane in the early
1900s formulated a theory according to which colonic
kinking and/or an excessively long colon could cause
fecal stasis, favoring intestinal absorption of water
and toxins and leading to a systemic dysfunction.
Consequently, colon bypass or total colectomy were
suggested for indications ranging from lassitude
[18]
to epilepsy . By the 1920s, surgical treatment of
intestinal stasis had progressively fallen into disfavor.
In fact, there is very little evidence to support either
procedures aimed at shortening the colon of patients
which is elongated but not dilated (dolichocolon), or
indeed any surgical operations designed to straighten
colonic kinks or intestinal loops, except in the presence
of a volvulus causing an acute bowel obstruction).
Actually no study has correlated colon length with
[19]
colonic transit .
Nowadays, if a surgical approach to the colon is
suggested, it is a total colectomy. This is reserved for
only very few cases. These are the most severe and
refractory cases of constipation, in which imaging
techniques and manometric findings have shown the
presence of colonic inertia, usually linked to neuropathy
[20]
and/or myopathy involving the whole colon . In
these cases a very careful preoperative evaluation is
mandatory to verify the real indication for colectomy,
[21]
as is confirmed by a recent Italian study : 450
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Rome Ⅲ diagnostic criteria

Irritable bowel syndrome
with constipation

Functional constipation

Criteria fulfilled for the last 3 mo with
symptom onset at least 6 mo prior to
diagnosis.

Criteria fulfilled for the last 3 mo with symptom onset at least
6 mo prior to diagnosis
Must include two or more of the following:
Straining during at least 25% of defecations
Lumpy or hard stools in at least 25% of defecations
Sensation of incomplete evacuation for at least 25%
of defecations
Sensation of anorectal obstruction/ blockage for at
least 25% of defecations
Manual maneuvers to facilitate at least 25% of
defecations (e.g. , digital evacuation, support of the
pelvic floor)
Fewer than three defecations per week
Loose stools are rarely present without the use of laxatives
Insufficient criteria for irritable bowel syndrome

Recurrent abdominal pain or discomfort at
least 3 d/mo in last 3 mo associated with two
or more of the following:
Improvement with defecation
Onset associated with a change in
frequency of stool
Onset associated with a change in form
(appearance) of stool
Hard or lumpy stools ≥ 25% and loose
(mushy) or watery stools < 25% of bowel
movements.

Figure 1 Rome Ⅲ criteria for irritable bowel syndrome and functional constipation.

patients with chronic constipation were evaluated and
33 patients with a diagnosis of slow-transit constipation
that had not improved with medical or rehabilitative
treatment - after a meticulous assessment of colonic
motility, they underwent colectomy. All patients except
one had a positive outcome of the colectomy, thus
improving their quality of life.

I do not eat citrus fruits because they cause constipation
It is a common belief that citrus fruits have constipating
effects and could display a positive action in diarrheic
syndromes. On the contrary, they are rich in pectin,
which is an indigestible carbohydrate commonly
contained in the cellular wall of the vegetal tissues. It
is a soluble fiber representing a not negligible amount
(0.5%-3.5%) of the fresh weight of the citrus fruits
and particularly it represents about 30% of the fresh
[22]
weight of the peel of citrus fruits . For more than
[23]
fifty years pectin has been shown to be an adjuvant
in controlling constipation. So actually citrus fruits
can be useful in the treatment of constipation and in
absolutely no way do they worsen it.
Furthermore, citrus fruits, like in general other
plant products, contain water, sorbitol, fructose,
fiber, and phytochemicals. The only fruit that is not
recommended for a constipated patient is the banana,
especially if unripe: an unripe banana contains
100-250 mg tannins/100 g and has a high amylaseresistant starch content (tannin acid reduces small
intestinal secretions and inhibits peristalsis). This fruit
[24]
can therefore have a constipating effect .

My neighbor is constipated like me. She takes a small
pill at bed time and everything is fine! Why doesn’t the
same happen to me?

Many people think that constipation is a single disease.
Actually it is a complex multifaceted syndrome
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involving many different causes (Table 1). Moreover,
the term “primary constipation” itself hides different
conditions, such as irritable bowel syndrome with
constipation (IBS-C), functional constipation, functional
defecation disorders and rectal hyposensitivity (Figure
1).
[3]
IBS-C, based on the Rome Criteria , is defined as
a recurrent abdominal pain or discomfort at least 3 d
per month in the last 3 mo associated with 2 or more
of the following: (1) improvement with defecation;
(2) onset associated with a change in frequency of
stool; and (3) onset associated with a change in form
(appearance) of stool. The stools are hard or lumpy
(Bristol Stool Form 1-2) ≥ 25% and loose (mushy)
or watery (Bristol Stool Form 6-7) ≤ 25% of bowel
movements, in the absence of use of antidiarrheals or
laxatives.
Functional constipation, on the other hand, is a
functional bowel disorder that presents as persistently
difficult, infrequent, or seemingly incomplete
defecation, which do not meet IBS criteria. Usually,
there is no demonstrable physiological abnormality.
Functional defecation disorders are characterized
by paradoxical contraction or inadequate relaxation of
the pelvic floor muscles during attempted defecation
(dyssynergic defecation) or inadequate propulsive
forces during attempted defecation (inadequate
[25]
defecatory propulsion) (Table 2).
Rectal hyposensitivity is a relatively new disorder
[26]
defined by Gladman et al
as an elevation beyond
the normal range in the perception of at least one
of the sensory threshold volumes during anorectal
manometry. In a population of 1351 patients with
anorectal symptoms, rectal hyposensitivity was
present in 23% of patients with constipation, 10% of
patients with fecal incontinence and in 27% of patients
with incontinence associated with constipation.
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Table 1 Secondary causes of constipation
Drugs
Endocrine and metabolic diseases
Neurological diseases
Psychiatric disorders
Gastrointestinal diseases

Opiates, anticholinergics, antidepressants, anticonvulsants, calcium channel blockers
Hypothyroidism, hypercalcemia, diabetes, porphyria
Parkinson's disease, multiple sclerosis, spinal cord injury, autonomic neuropathy
Depression, eating disorders, obsessive disorders
Bowel obstruction, agangliosi, myopathies, neuropathies, megacolon/megarectum, anal atresia, anal stenosis

Therefore, rectal hyposensitivity can be considered as
an important cause of constipation.
There are as yet no specific criteria that can
differentiate the subtypes of chronic constipation
[25]
based on anamnesis . Also performing a full
assessment of defecation using specific tests (e.g.,
anorectal manometry, colonic transit time and
defecography) may not be enough to distinguish these
[4-6]
different conditions
. However, a careful attempt
to understand the pathophysiological mechanisms
underlying the constipation of each patient is
mandatory in order to suggest an effective therapy.
This should be strictly tailored to each individual
patient and therefore different from one patient to
another. Therefore, it is not at all unusual that a drug
effective in one patient does not work in another.

Bowel frequency bothers me: I don’t have a bowel
movement every day!

The frequency of bowel movements is usually
considered a “key point” for the diagnosis of chronic
constipation and IBS-C, but it is neither a sufficient nor
[3]
a necessary issue . A decrease in bowel frequency
usually prompts the patient to define her/himself
as suffering from constipation, However, according
the Rome Ⅲ criteria, the item “fewer than three
defecations per week” must be accompanied by at
least one of the other five characteristics in at least
[3]
25% of the defecations (Figure 1).
In clinical practice it is mandatory to explain to
the patients that most normal people have a bowel
frequency ranging from 3 times a day to 3 times a
week and that it is not necessary to have a bowel
movement every day.
The term “constipation” often has different
[6,27]
meanings for patients and physicians
and it
is necessary to understand what exactly patients
mean with “bowel movements”. Sometimes both
patients and physicians consider bowel movements
simply as attempts at defecation or the defecation
of small, unsatisfying, pieces of feces which oblige
patients to go to the toilet many times a day. It is a
gross mistake to consider this to be an increase in
bowel frequency, possibly indicating a diarrhea. This
is simply “fragmented defecation”, typical of many
constipated patients, especially of those affected with
obstructed defecation. Moreover, some patients do not
consider “bowel movement” when they use enemas or
suppositories and this can cause a misunderstanding
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with their physician. It is important to investigate all
attempts to defecate so as to better understand what
exactly patients mean.

I’m too constipated: I’ll get colon cancer, sooner or later!

Prospective cross-sectional surveys and more
recent meta-analysis demonstrate no increase in
the prevalence of colorectal cancer in patients or
individuals with constipation. The significant association
observed in case-control studies may be related to
a combination of poor study quality and recall bias
among enrolled patients. When patients undergo
colonoscopy for constipation as a main indication of
the procedure the diagnosis of colorectal cancer is less
common than in patients undergoing colonoscopy for
other gastrointestinal symptoms. Therefore, the use
of lower GI investigations to exclude colon cancer in
patients presenting with constipation, in the absence
[28-30]
of other “red flags”, should be discouraged
.

If I haven’t got my bowel movement every day I feel like
a wet rag!

Constipated patients often refer fears linked to an
undefined and unspecified concept of poisoning. They
often imagine that fecal stasis has systemic effects and
a range of intestinal and extra intestinal manifestations
such as feelings of a bitter taste in the mouth,
dyspepsia, headache and tiredness, etc. This is likely
[19]
related simply to a delayed intestinal transit time .
There is no scientific evidence to support the
idea that there are diseases related to fecal stasis
associated with the mechanisms of self-intoxication.
The lack of specific symptoms and the improvement
related to the act of defecation (more typical for
mechanical effects and not for systemic effects) has
led the scientific community to abandon the hypothesis
[18]
of such relationships .
The presence of comorbidities associated with
both constipation and IBS-C (psychiatric disorders,
fibromyalgia, headache, sleep disturbance,
dyspareunia, recurrent urinary infections) have been
[16,31]
confirmed by many studies
. Psychiatric and extra
intestinal comorbidity impacts on the quality of life and
[32]
bowel symptom burden in functional GI disorders .
The relationship with the brain-gut axis is not
completely understood. Probably, the dysbiosis caused
by constipation induces slight inflammation, due to
altered barrier dysfunction, and a release of proinflammatory cytokines, with consequent dysregulation
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[33-35]

of the brain-gut and gut-brain axes

.

My stools are like a sausage, a Havana cigar, a snake,
fettuccini, a tubular tire, small black olives…

Fecal consistency is often overlooked in the anamnesis,
both because of patient’s embarrassment and
because of the variability and the subjectivity of their
descriptions (a great many bizarre and surprising
[27]
metaphors are frequently heard in our surgeries…) .
However, fecal consistency is an important clue to the
transit time and must be clarified both in the clinical
practice of prescribing a tailored and efficacious
therapy and also within a clinical research setting. With
this purpose in mind the Bristol scale offers a valuable
aid in order to avoid errors related to excessively
vague and subjective descriptions or to patient’s recall
bias, and its use should be encouraged in everyday
[36,37]
practice
.

Doctor, do we really need to do a rectal examination? I’
m a bit embarrassed to have rectal examination…!

Digital rectal examination (DRE) is the most
commonly used method to clinically assess anal tone
although there is a lack of consensus in the current
literature with regards to its accuracy and reliability.
A comparison of DRE findings by an experienced
gastroenterologist alongside objective ano-rectal
manometry to establish anal tone reported DRE to be
of low specificity and sensitivity and too inaccurate
[38]
to use as a clinical finding . Many patients consider
DRE bothersome or are afraid of feeling pain or
more often than not are ashamed of undergoing
this kind of medical examination. However, DRE is
strongly recommended to verify if there is any fecal
impaction in the rectum and to detect any early form
[39]
of rectal cancer or benign diseases such as polyps,
hemorrhoids (internal), anal fistula (low or high), rectal
[40,41]
prolapse, etc.
. Recent data have shown that DRE
is performed in only 56% of Italian gastroenterological
[16]
consultations .

Doctor, you suggested a lot of annoying tests: aren’t
there too many of them? Are they really necessary for
my constipation?

Gut functional disorders should be diagnosed using
[3]
the Rome criteria , but in clinical practice they are
frequently dealt with by means of an exclusion criteria
approach that takes into account the exclusion of
[42]
organic diseases (alarm signs) .
The presence of alarm features alerts the clinician
to the possibility of an organic, rather than a functional
disease process, and usually signals the need for
testing in order to rule out an underlying organic
disorder. These alarm features include rectal bleeding,
weight loss, iron- deficiency anemia, nocturnal
symptoms, and a family history of certain organic
diseases such as colorectal cancer and inflammatory
[43]
bowel disease . Their presence may indicate the
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need for colonoscopy, colon-CT, or barium enema to
exclude the presence of organic lesion or an associated
[20,43-45]
disease
.
In patients without alarm symptoms, a “stepby-step” diagnostic approach is suggested, even if
it frequently overlaps with life-style changes or a
pharmacological treatment to resolve symptoms.
In patients with unsolved, recurrent signs and
symptoms haematological, faecal and radiologic or
instrumental approaches are considered necessary and
[20,43,44]
advised
.
Integrated information coming from anorectal
(sometimes gastrojejunal and/or colonic) manometry,
Rx defecography and colonic transit time are often
necessary because, up to now, no test has resulted
in being completely exhaustive in assessing the
pathophysiological mechanisms of defecation. Indeed,
none of them studies defecation in normal conditions,
but uses catheters, probes, different contrast media
or simply in a position (usually left lateral position)
not normally used in daily normal defecation. Last
but not least, it should be considered that patients
undergoing these tests are generally requested to
simulate defecation, which is such an intimate and
private act, in front of doctors, nurses and technicians.
This can generate obvious embarrassment, hindering
proper conduct and reducing the reliability of a single
test: using more than one test can reduce errors
and improve the quality of the assessment of the
[20,44]
defecatory pattern
.
In Figure 2 we report a diagnostic flow-chart
approach to chronic constipation.

Could physical activity help me to have more satisfying
defecation?

It is well known that people who undertake more
physical activity have a lower prevalence and a better
control of constipation. There is some evidence that
bowel function can correlate to physical activity,
but other factors may very well be involved. For
instance, in the elderly many cofactors such as diet,
medications, cognitive and psychological condition
are likely to play a role and physical activity is only a
part of a multifaceted and multidisciplinary therapeutic
approach. On the other hand, in the young severely
constipated patients physical activity probably does not
[19,43]
improve bowel function
.

My bowel function and abdominal pain are worse after
eating food! I usually drink a lot of water but I don’t feel
better. I eat a lot of fibers and drink plenty of liters of
water every day to improve my bowel function but I’m
quite unsatisfied.

Patients with IBS-C and CC commonly believe that
specific dietary products contribute to their symptoms
while other foods could prevent the same disturbances.
Most patients increase the use of dietary fiber to
regularize bowel function and to reduce meteorism
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History + phisical examination
Blood tests (routine + FOBT + TSH)

Colonoscopy/Barium enema/Colon-TC
(if > 50 yr and/or alarm signs)

Dietary, behavioral and lifestyle modifications
(vegetables, water, toilet training, physical exercise, etc .)

Fiber supplementation and/or PEG or Lactulose

No success

Ano-rectal manometry
Defecography
Colonic transit time
Slow transit constipation

Obstructed defecation

Osmotic laxative (major dosage)
Stimulant laxatives
Prokinetics (Prucalopride)
Prosecretory (linaclotide, Lubiprostone)
Sacral nerve stimulation

Clisma, Suppositories

Colectomy (totally refractory cases)

Pelvic floor rehabilitation
Sacral nerve stimulation
Ano-rectal surgery

Figure 2 Multi-step management of chronic constipation. After a careful history and some blood tests, if there are no alarm signs and the patient is < 50 years old
the first line approach encompasses a correction of lifestyle and dietary habits (on the contrary a colonic morphological assessment by using colonoscopy or barium
enema or colon-CT is advisable). If the results are not satisfying, fiber supplementation and/or therapy with polyethylene glycol (PEG) or lactulose are advisable.
Should there be unsatisfactory results, “second line” drug therapy, using saline or stimulant or softening laxatives, could be suitable and, possibly using or adding
the new drugs with a prokinetic or prosecretory effect (prucalopride, lubiprostone, linaclotide). At this step performing some diagnostic “second level” exams (e.g.,
anorectal manometry and/or defecography and/or colonic transit time) should be taken into account. Pelvic floor rehabilitation and subsequently anorectal surgery or
sacral nerve stimulation should be considered on the basis of the results of the “second level” exams. Colectomy represents the “last resort” and should be suggested
only for patients with “inertia coli” only after performing also colonic and gastrojejunal manometry. FOBT: Fecal occult blood test.

and pain. There is some evidence that patients
taking soluble fiber (psyllium, guar) have significant
symptom relief, whereas insoluble fiber (bran) shows
no clinical benefit and actually may worsen symptoms
[45]
in many cases . The impairment of symptoms after
an increase in dietetic fiber can also be due to the
kind of constipation. It is well known that patients
with dyssynergic defecation or with severe slow transit
constipation can meet more severe symptoms after
heavy fiber supplementation because it can further
slow down colonic transit or it simply increases the
amount of feces in the rectum, which the patient is
[46]
not able to empty . Another common conviction
is that constipation can be improved by drinking a
considerable amount of water. Many patients force
themselves to drink more than 2 L of water a day.
Data currently available do not suggest that stool
consistency and frequency of evacuation can be
significantly modified by increasing fluid ingestion by
[47]
more than 2 L a day .
Furthermore, patients often associate their com
plaints with the ingestion of foods containing fructans,
galactans, lactose, fructose, sorbitol, xylitol, and
mannitol (fermentable oligo-di-monosaccharides
and polyols; FODMAPs), which mainly increase
[48]
abdominal bloating and distension . Patients with
IBS, but without celiac disease, may reach satisfactory
[49]
symptom control with a gluten-free diet . Because of
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conflicting evidence regarding dietary implications in
functional disorders, only a double-blind food-specific
challenge will discriminate between a true and a false
food-sensitivity in IBS patients.

I sometimes take a lot of PEG but I don’t get good
results. Why does my cousin have good defecation after
drinking a coffee and eating a kiwi at breakfast?

Patient skepticism characterizes the relationship
with medical professionals. Patients with IBS-C and
functional chronic constipation (CC) are often not
satisfied with the treatment they are receiving and
actively, and sometimes compulsively, seek information
on possible alternatives.
The main source of information to obtain know
ledge and to know how to deal with the disease is the
general practitioner, the pharmacist, but also friends
and relatives and the mass media (magazine, TV, the
Internet, etc.). The gastroenterologist is often at the
end of the queue of this informative process.
Laxatives are the most widely used medications
to improve bowel function both in IBS-C and CC. In
particular, polyethylene glycol (PEG) is more effective
than lactulose and stimulant agents in increasing
stool frequency and improving stool consistency,
and it is considered the first choice of treatment for
[20]
CC . It should be taken on a regular basis, using
it as an intestinal regulator and not to induce bowel
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Table 2 Rome Ⅲ diagnostic criteria for functional defecation
disorders
Criteria fulfilled for the last 3 mo with symptom onset at least 6 mo prior
to diagnosis
The patient must satisfy diagnostic criteria for functional constipation
During repeated attempts to defecate must have at least two of the
following:
Evidence of impaired evacuation, based on balloon expulsion test or
imaging
Inappropriate contraction of the pelvic
floor muscles (e.g., anal sphincter or puborectalis) or less than 20%
relaxation of basal resting sphincter pressure by manometry, imaging,
or EMG
Inadequate propulsive forces assessed by manometry or imaging

movement, as a stimulant laxative. The starting dose,
even a low dose, has to be progressively adjusted
by the patient who has to find her/his own effective
dosage. Generally speaking, the success of the
constipation therapy is variable, depending on patients’
age and compliance, duration of disease, impairment
of colonic transit and/or pelvic floor, comorbidities
and psychological disturbances. In the presence of
only a partial clinical success or failure of traditional
therapy, a second line treatment (prucalopride in CC
and linaclotide in IBS-C and lubiprostone both in IBS-C
[44-50]
and CC) is available today
. In more severe cases
of IBS-C and CC higher drug dosages than normal
and/or combined therapies with laxatives with different
mechanisms of action (e.g., osmotic plus stimulant
drugs or osmotic plus prokinetic drugs or prokinetic
plus secretagogue drugs) may be necessary.

I couldn’t live without laxatives: I have become
dependent on laxatives!

Some IBS/CC patients are “dependent” on laxatives
to constantly maintain bowel movements without
complaints. In most cases this addiction does not have
a pharmacological basis, because most laxatives are
not absorbed and none cross the blood brain barrier,
but it is based only on psychological and behavioral
[51]
factors . However, some patients, usually with
psychiatric or psychological problems, abuse the use
of laxatives for extended time periods. After stopping
laxatives a “rebound constipation” does not seem to
[19]
represent a real, frequent problem .
Premature pharmacological tolerance can develop
if there is prolonged treatment and this can represent
another worry for constipated patients. Tolerance
to laxatives has not been systematically studied in
humans. However, tolerance (in particular to stimulant
products) seems to occur in the most severely
constipated patients for whom other products are
ineffective. On the other hand, tolerance seems to be
[19,51]
uncommon in the majority of cases
.

electrolyte disturbances or abdominal complaints such
as abdominal pain and intestinal bloating. However,
this can be minimized with an appropriate selection of
the drug (osmotic laxatives are better than stimulant
agents) and the tailored dose for a given patient. In
particular, stimulant laxatives are preferred due to their
rapid action even if, due to their mechanism of action,
they tend to induce abdominal pain more frequently
[19]
than osmotic laxatives . A typical fear of patients
regards the risk of developing colorectal cancer after a
chronic use of laxatives. Particularly pseudomelanosis
coli, merely a pigmentation of the colon surface due
to the accumulation of lipofuscin in macrophages as
a consequence of the chronic use of anthraquinones,
was considered in the past to be an expression of
mucosal damage, should not in any way be considered
[52,53]
as related to colon cancer
. In general, constipation
does not appear to be associated with an increased
risk of cancer and there are no solid data supporting
the idea that stimulant agents are a specific risk factor
[19]
for colon cancer .

A friend advised me to take herbal medications. What
about the efficacy and safety of these products?

Another frequently asked question regards the use
of herbal medication. Some IBS/CC patients consider
this approach safer than traditional therapy. Herbal
medications have been used in many countries for
many centuries for the treatment of patients with
constipation. Many patients underestimate the
possible metabolic interaction of herbal products
compared to the drugs they currently take, mistakedly
presuming that all that is natural is beneficial, or at
[54]
least harmless . Moreover, many of these “natural
products” are bought by the patients without any
medical prescription or supervision and without any
information regarding their composition and origin.
Indeed, there is a lack of controlled data supporting
the safety and the efficacy of these treatments and no
conclusive data are available regarding the possible
[55,56]
toxicity of any herbal mixtures
.
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Abstract
Irritable bowel syndrome (IBS), with the prevalence of
10%-20 % of the population has become an emerging
problem worldwide. IBS is a functional gastrointestinal
(GI) disorder characterized by abdominal pain or
discomfort and altered bowel habits. The etiology of
IBS contains genetic, psychological, and immunological
factors, and has not been fully elucidated; of note,
recent studies also point at environmental pollution and
its role in the development of functional GI diseases.
In this review we focus on several environmental
factors, such as bacterial contamination, air pollution,
radiation and even stress as potential triggers of IBS.
We discuss associated disturbances in homeostasis,
such as changes in intestinal microbiome and related
pathophysiological mechanisms. Based on the effect of
environmental factors on the GI tract, we also propose
novel targets in IBS treatment.
Key words: Irritable bowel syndrome; Environmental
pollution; Air pollution; Stress; Post infectious irritable
bowel syndrome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Irritable bowel syndrome (IBS) is a functional
gastrointestinal disorder characterized by abdominal
pain or discomfort and altered bowel habits. The
etiology of IBS has not been fully elucidated; however,
recent studies point at environmental pollution and
its role in the development of IBS. Here we focus
on several environmental factors, such as bacterial
contamination, air pollution, radiation and even stress
as potential triggers of IBS; we also propose novel
targets in IBS treatment.
Marynowski M, Likońska A, Zatorski H, Fichna J. Role of
environmental pollution in irritable bowel syndrome. World J
Gastroenterol 2015; 21(40): 11371-11378 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i40/11371.htm DOI:
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INTRODUCTION
Irritable bowel syndrome (IBS) has become a critical
issue worldwide, with the prevalence of 10%-20%
[1]
of the population . IBS is a heterogenous functional
disorder, characterized by abdominal pain or discomfort
and altered bowel habits. While there is no reliable
biomarker, Rome Ⅲ diagnostic criteria define IBS as a
recurrent pain or discomfort for at least 3 d per month
in the past 3 mo. In addition, the symptoms have to
be associated with the two or more of the following:
relief by defecation and the onset associated with
the change of the frequency or form of the stool. IBS
can be classified into four subtypes according to stool
form, namely IBS with constipation (IBS-C), IBS with
diarrhea (IBS-D), mixed IBS (IBS-M) and unsubtyped
[2]
IBS (IBS-U) . Although not life-threatening, IBS has
a negative economic effect on health service, among
others due to the fact that the patient may need to
undergo expensive tests and treatments before proper
[3]
diagnosis. According to Maxion-Bergemann et al
total direct cost estimates per IBS patient range from
USD 348-8750 per year. Moreover, IBS is an important
reason for patients’ absenteeism from work; the
average number of days off per year due to IBS was
between 8.5 to 21.6. Finally, IBS provokes multiple
comorbidities, such as chronic fatigue, headache,
insomnia, psychiatric disturbances, dyspepsia and
gastro-esophageal reflux which, taken together with
direct symptoms of IBS lead to impaired quality of
[4]
life .
The etiology of IBS is undoubtedly multi-factorial,
but its understanding is unsatisfactory due to lack
of evident pathological abnormalities and infallible
biomarkers. Currently, IBS is viewed as a disorder to
which genetic, immune, and psychological factors, as
well as alterations in microbiota, visceral perception
and gastrointestinal (GI) motility contribute; diet and
changes in brain-gut axis activity may also count
(Figure 1). It still remains unclear which of these
factors is the main trigger for the onset of IBS.
Recently, the world has been seeing a dramatic
rise in population growth in urban areas. As urban
populations grow, the quality of the environment, and
especially urban air pollution, will play an increasingly
important role in public health. Consequently, the
disease burden due to air pollution will be on the
rise. While research on airborne pollutants has drawn
attention mostly to respiratory and cardiovascular
[5]
systems , emerging evidence suggests that these
pollutants may also have adverse effects on the
GI tract, being involved in the pathophysiology of
[6]
[7,8]
inflammatory bowel disease (IBD) , appendicitis ,
[9]
and possibly irritable bowel syndrome . While for
instance smoking may affect the disease onset in

WJG|www.wjgnet.com

IBD , the role of environmental pollution in IBS has
not been fully elucidated.
In this review, we focus on the impact of en
vironmental pollution - in its broadest sense - on
development of IBS. We refer to current knowledge
on the prevalence of IBS in regions with higher
environmental pollution rate and discuss potential
association between pollution and development of the
disease.

MICROBIOLOGICAL POLLUTION
Postinfectious IBS

Postinfectious IBS (PI-IBS) is a particular case of IBS,
which is caused by acute infectious gastroenteritis;
in fact, it is considered as the most common cause
[11]
of IBS . It was shown in prospective studies that
4% to 36% patients suffer from PI-IBS because of
[12]
previous infection . Noteworthy, the first reports on
[13]
the disease date back already to 50 years ago . The
pathogens that contribute to PI-IBS are Campylobacter
jejuni, Salmonella enterica, Shigella sonnei, Escherichia
coli O157:H7, noroviruses and Giardia lamblia. The
disease symptoms are not immediate, it takes
approximately 8-10 years to develop a full-blown
[14]
PI-IBS . The duration of infection is crucial; for
example, a fortnight-long Shigella sonnei infection was
considerably more associated with PI-IBS than a week[15]
long one (RR = 4.6) .
The most common alterations during PI-IBS are
found in mucosal cells. Contrary to healthy volunteers
and control patients, in which Campylobacter jejuni
infection had no consequences, rectal mucosal
enterochromaffin cell (EC) levels are increased in
[16]
PI-IBS patients . Moreover, mucosal barrier is
mutilated by Campylobacter jejuni infection, thus the
[17]
transepithelial electrical resistance is decreased .
Of note, changes in mucosal barrier function are
considered to be associated with the tumor necrosis
[18]
factor α (TNF-α) pathway . On the other hand, when
post-Shigella IBS is concerned, rise in ileal mast cells
and in nerve fibers immunoreactive for neuron-specific
enolase, substance P, and 5-hydroxytryptamine can
[19]
be observed . Finally, postviral PI-IBS has also been
described. However, its pathophysiology remains
unclear; of note, it has been suggested that IBS after
norovirus infection is rather temporary, as compared
[20,21]
to post-bacterial
.

Walkerton crisis as an example of bacterial pollution

In May 2000, an ecological crisis because of procedural
mistakes took place in Walkerton, Ontario, Canada.
Escherichia coli O157:H7 and Campylobacter jejuni
entered the drinking water system, while chlorine
level (which was not monitored regularly) was too
[22]
low to counteract the pollution . This event caused
7 fatalities and over 2300 victims among 4800
Walkerton residents. A cohort study conducted by
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Figure 1 Multifactorial etiology of irritable bowel syndrome. IBS:
irritable bowel syndrome; GI: Gastrointestinal.
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[23]

Marshall et al
showed that the prevalence of PIIBS in the local population increased significantly in
comparison to healthy controls. Interestingly, 8 years
after the incidence, the prevalence decreased from
28.3% (after about 3 years) to 15.4%; however, it
was still higher than in unaffected subjects (OR = 3.12;
95%CI: 1.99-5.04).
Acquiring the cohort of 2069 adults after Walkerton
outbreak was a great opportunity to investigate the
long-term outcomes of water contamination on the
GI tract function and more studies are expected.
Moreover, it clearly showed that bacterial pollution
resulting from human error, which is plausible, may
have an effect that will be observed for several years
after it occurred.

AIR POLLUTION
Air pollution is a mixture of a number of substances
including gases, such as carbon dioxide, ozone, nitric
oxide, volatile organic compounds (benzene) and
particulate matter (PM), with the latter being the one
mostly responsible for adverse health conditions. Of
note, daily ingestion of PM on a typical Western diet
12
14
[24,25]
is estimated at 10 -10 particles per individual
.
The GI tract is highly susceptible to PM (as well as
smoking) and exposure to air pollution may exacerbate
systemic inflammation or lead to oxidative damage of
[10]
colonic mucosa . For example, a study performed
[26]
by Dybdahl et al
indicated that the exposure to
diesel exhaust particles elaborated DNA adducts and
oxidative stress, resulting in DNA strand breaks,
apoptosis and protein oxidation in colon mucosa.
Another study demonstrated that mice deficient in
apolipoprotein E -/- exposed to low concentration
of PM2.5 developed systemic inflammation, which
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was expressed mainly by vascular inflammation and
[27]
increased atherosclerosis .

Air pollution and gut microbiome

Despite the well-studied effects of environmental
[28,29]
pollutants on several health conditions
, little is
known on how air pollution impacts the gut microbiome.
[30]
Kish et al showed that pollutant particles ingested with
chow altered gut microbiota composition by significant
changes in the relative amounts of Bacteroidetes,
Firmicutes and Verrucomicrobia. Moreover, mice exposed
to polychlorinated biphenyls from contaminated food
had decreased levels of Proteobacteria and increased
[31]
levels of Bacteroidetes . These results suggest that
environmental pollutants may alter significantly the
microbiome composition.

Air pollution and IBS-related pain

Non-specific abdominal pain is one of the crucial
symptoms of IBS. In the years 1992-2002 and
[9]
1997-2002, Kaplan et al performed two studies
(in Edmonton and Montreal, respectively) focusing
on the possible association between nonspecific
abdominal pain and air pollution. The report published
in 2012 showed that the young individuals aged 15
to 24 years, with preponderance of women, had the
highest prevalence of non-specific abdominal pain
and were significantly more likely to visit emergency
department when the indicators of air pollution, such
as CO, particles < 2.5 (PM2.5) µm, SO2, and NO2 were
[9]
elevated . Until today, the mechanism by which the
air pollutants exacerbate abdominal pain has not
been clarified. It has been suggested that increased
IL-8 secretion from small bowel and changes in
[32]
composition of colonic microflora
or alterations in
[9]
colonic motility may be the key factors. Moreover,
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in the same study it has been demonstrated that the
exposure of mice to air pollutant EHC-6802 particles,
recovered from filters of the single-pass air purification
led to increased pain response. It is likely that air
[27]
pollution may exacerbate systemic inflammation
[26]
and cause oxidative damage of colonic mucosa ,
what contributes to the occurrence of IBS symptoms.

Radioactive Pollution
Nuclear energy is a potent source of electric power
in contemporary world. As the statistics show, it
contributed to 10.8% of total world production of
[33]
electricity in 2013 . On the one hand nuclear power
is considered to be less harmful to the natural en
vironment than conventional sources of energy since
it does not produce common pollutants, such as
greenhouse gases. On the other hand the humanity
witnessed several nuclear reactor accidents in the
past few years, which contaminated surrounding
areas with radiation for several years. One of the most
damaging was the explosion of nuclear power plant
in Chernobyl (currently Ukraine) in 1986. As a result,
about 14 EBq of radioactive substances were released
to the atmosphere, contaminating the area of more
2
than 200000 km in Europe. Up to 71% of radioactive
137
caesium ( Cs), which affects inhabited areas to this
day (t1/2 = 30.17 y), deposited in Belarus, the Russian
[34]
Federation and Ukraine .
Several studies have been conducted in order to
find the potential influence of post-Chernobyl radiation
on the health of Ukrainians. For example, Chernobyl
Childhood Illness Program (CCIP) examined 116 655
adolescents for thyroid gland disorders and found
an increased prevalence of thyroid tumors, including
[35]
thyroid cancer in this cohort , which may result from
accumulation of radioactive iodine-131 in the thyroid
gland. As regards GI tract diseases, Reshetnikov et
[36]
al
reported that the prevalence of IBS in Russian
children is as high as 38%, vs approximately
[37]
10%-15% . Considering the proximity of Chernobyl
and the Russian territory, it can be speculated that
the post-Chernobyl radiation may be the main trigger.
Furthermore, a series of cross-sectional studies on
population of Ukrainian children and adolescents with
IBS symptoms who live in the area contaminated
with radioactive nuclides (60-90 km from Chernobyl)
[38-41]
revealed significant abnormalities
. Namely, the
subjects in the study were characterized by a higher
137
level of internal whole body radiation due to
Cs
comparing to control group and exhibited differences
in blood parameters, which indicated changes in
innate and humoral immune status. In each age
group an elevated leukocyte count was detected, with
the difference reaching statistical significance in the
group of mean age 14. Moreover, a decrease in total
+
T-lymphocyte number, including CD4 cell population
was also observed. The changes were accompanied
+
by an increase in CD8 level, resulting in significantly
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+

+

[38]

lower proportions of CD4 : CD8 in each group .
These observations remain consistent with the theory
of low-grade inflammation occurring in some IBS
[42]
[43]
patients . Consequently, Ohman et al confirmed
the importance of alterations in blood T-cells for
generation of symptoms in IBS.
High prevalence of functional GI diseases observed
in Ukrainian children and adolescents could also be
associated with changes in the non-specific immune
system response, resulting from a significantly lower
+
level of neutrophils, but higher level of CD16 cells in
peripheral blood compared with controls. Moreover,
a decrease in phagocytic activity and phagocytic
[39]
index were observed . Altogether, these changes
could trigger disturbances in the interaction between
host and intestinal microorganisms, resulting in the
overgrowth of the latter and/or inflammation, leading
[44]
to IBS . This hypothesis is supported by the results
of a meta-analysis demonstrating the coexistence
of intestinal inflammation and IBS in 39% of 1703
[45]
studied patients . The impact of the radiation on
the development of inflammation-based functional
GI diseases in the Ukrainian children can be more
complex, since they also present elevated plasma
levels of proinflammatory cytokines, such as IL-4 and
[41]
interferon γ (IFN-γ) , what signifies the involvement
of several molecular pathways.
The humoral component of the immune response
seemed to be altered in the studied population, since
+
the CD22 B lymphocyte level in peripheral blood
was generally increased regardless of the group. In
addition, the analysis of the serum immunoglobulin
status revealed an increase in IgA, IgG and IgM levels,
although the statistical significance was only reached
[40]
for IgM . Interestingly, several similarities were
found between the Ukrainian cohort and a large group
[46]
of IBS patients from another study . The humoral
status of the latter group seemed to be activated,
with B lymphocyte and plasma cell density increased
in intestinal mucosa compared with that in healthy
+
controls. Moreover, the number of mucosal IgG cells
and the luminal concentration of IgG were also higher.
+
Additionally, the density of IgG cells in jejunal mucosa
was positively correlated with the number of bowel
movements per day and stool form. Whether the
activation of humoral immunity is the principal factor
in pathogenesis of IBS, remains to be elucidated.

Stress pollution
The association between stress and physical disorders
th
was observed as early as in the 12 century by
Maimonides, a medieval philosopher. He described
[47]
emotional upset to be an important factor in asthma .
Today, we recognize a wide range of diseases with
etiology linking mental and somatic disturbances and
we call them “psychosomatic disorders”. The definition
proposed by the World Health Organization states that
the psychosomatic disorders are caused by events
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in the external environment which evoke responsive
brain processes that activate neuro-endocrine systems
and thereby induce changes in the functional state
of “target” organs and motor systems. The events
may play a dominant or only an additional role in the
etiology of diseases, along with other factors, such as
[48]
genetic and nutritional . Such “external” events are
often associated with stress and stressful stimuli, which
- if in a high number - weaken the organism instead
of making it prepared for a challenging situation. Here
we propose that exposure to harmful stress can be
compared to conventional pollution with regard to its
negative impact on human health. Consequently, term
“stress pollution” can be used.
Stress is an important contributor to anxiety
disorders and thus their prevalence is currently high.
For example, a report published in 2001 showed that
5.5% of Australians met the criteria for any anxiety
disorder in the past 1 mo and 9.5% in the past 12
[49]
mo . A survey conducted between 2001 and 2003 on
9282 Americans demonstrated the lifetime prevalence
[50]
of anxiety disorders to be as high as 30% . Analysis
of 87 studies executed in different countries allows
to estimate the current global prevalence of anxiety
[51]
disorders at about 7.3% .
It has been hypothesized that IBS possesses
psychosomatic basis and its association with anxiety
disorders was therefore investigated. In a group of
94516 participants, in which IBS prevalence rate was
9.7% significantly more anxiety disorders were noted
in IBS patients than in individuals free of any functional
[52]
somatic syndromes . Since median age of onset of
[50]
anxiety disorders in Americans is 11 years , stress
during childhood must be one of the most important
underlying factors for IBS.
Emotional stress has been proven to induce IBS
[53]
symptoms also in the adulthood. Lee et al
studied
a group of 23698 subjects (mean age = 48 years)
who underwent upper and lower endoscopy; Rome
Ⅲ criteria were used to diagnose IBS and The Brief
Encounter Psychosical Instrument-Korean version
(BEPSI-K) measured severity of stress in patients.
More than 26% of participants fulfilled criteria for IBS
and the disorder was more common amongst subjects
with high stress score. Of note, stress was identified
as an independent risk factor for IBS and the disease
incidence rate increased along with the stress level.
This association could be explained by the analysis
of brain-gut interactions elicited by stress. The main
culprit, corticotropin-releasing hormone (CRH) secreted
by hypothalamus during stressful events can increase
[54]
intestinal permeability leading to IBS development .
The disturbance of the circadian rhythm is another
stressor which can determine IBS; furthermore,
as such it can be regarded as occupational hazard.
Professions particularly exposed to this type of stressor
are those with shift work, for example the nurses.
[55]
Nojkov et al studied the prevalence of IBS in nurses
based on their working hours. By comparing groups
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with day, night and rotating shifts it was found that
the prevalence in the last group is significantly higher
than that in the first one. The association was still
significant after adjustment for sleep quality. Since
circadian rhythm has been suggested to influence
[56]
colonic motility in healthy subjects , the disruption
of the process could have led to IBS development
in the studied groups. The association seems to be
supported by a clinical trial, which used melatonin,
a hormone regulating circadian clock, as a potential
new therapeutic in IBS management. Treatment with
melatonin improved abdominal pain and distension
compared with the placebo-treated group. Noteworthy,
the observed effect was not due to the effect of
melatonin on sleep patterns, meaning that the
improvement in IBS symptoms could have resulted
[57]
exclusively from the changes in circadian clock .
Stress could also influence the development and
progression of IBS in an indirect manner. Namely,
chronic psychological stress enhances vulnerability
to some chemical exposures and in consequence
increases the odds for some diseases to develop.
The phenomenon has been extensively reviewed
[58]
by Cooney , thus we limit our discussion to the
link with IBS. A study investigating the influence of
the exposure of rats to urban particles on visceral
nociception has revealed an increased vulnerability
[9]
to abdominal pain . Another study revealed that the
exposure to concentrated ambient particles (CAP),
which represent modified urban air pollutants, had a
more deleterious impact on the respiratory system in
[59]
stressed rats comparing with non-stressed animals .
This means that not only air pollution is able to affect
digestive system, but also the grade of its impact
would depend on mental status of the animal. In line,
[9]
epidemiological data collected by Kaplan et al have
shown that the number of admissions to emergency
departments in Edmonton (Canada) due to nonspecific abdominal pain was the highest on days
when the concentration of polluting gases and solid
particles in the air was elevated. Consequently, it can
be hypothesized that there is interplay between stress
and “conventional” pollution as regards development
of functional GI diseases.
Finally, stress related to alteration in nutritional
pattern should also be considered as a trigger for IBS.
One of the most striking pieces of evidence comes from
a study on the post war Dutch population. World War
Ⅱ in the Netherlands caused famine which persisted
six months till the country was liberated. Daily ratios
[60]
at that time were about 400-800 cal. Klooker et al
have investigated the prevalence of IBS in Dutch
cohort exposed at the age of 0.5 to 1,5 years to the
wartime condition described above and compared it
with the prevalence estimated for population conceived
after the war had ended; the result was 11% vs 8.5%
in the post-war generation. It is not clear what caused
IBS more prevalent in the patients exposed; however,
animal models point at undernutrition as a probable
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candidate. In rats subjected to postnatal protein
restriction, the growth and mucosal enzyme activity of
the GI tract were impaired, what subsequently could
[61]
have determined functional abnormalities .

CONCLUSION
To summarize, the evidence of the involvement of
environmental pollution in the development and
progression of IBS is very scarce. However, although
the role of environmental pollution has not been fully
elucidated, available data suggests that it is one of the
key factors in IBS pathophysiology. Future research
is thus warranted to provide reliable overview of this
subject.

UEG scenarios and implication for digestive and liver
disease

In October 2014, United European Gastroenterology
published a document on Healthcare in Europe:
Scenarios and Implication for digestive and liver
disease. The main purpose of this release was to
draw public attention to digestive diseases, which
have become a heavy burden for primary care. Also,
the aim of the publication was to raise awareness of
current medical school students, who will soon come
across this problem in their practice.
Three scenarios were proposed in the publication,
namely Ice Age, Golden Age and Silicon Age; each
draws a different condition, in which basic and clinical
gastroenterology will be in 2040. Here our purpose is
to comment on the relation between environmental
pollution and functional GI diseases, including IBS
according to each scenario.

is thriving, what provides healthy, high-quality and
non-polluted food affordable for the majority of human
population. Moreover, Europe-wide antibiotic resistance
surveillance programs help avoid post-infectious IBS
and reduce symptoms from the very beginning, in
this way improving general quality of life. Additionally,
local food consumption is promoted and chemical and
pesticide use is regulated; severity of IBS symptoms
is thus lowered. Level-handed politics minimizes
everyday-life stress and thus stress-pollution, which
also underlie IBS.

Silicon age

It is the most promising scenario. Better tools and
procedures ensure better IBS diagnosis and in
consequence more IBS cases; however, alleviation
of symptoms is more plausible as well, owing to new
generation of medications. Finally, more sophisticated
technology helps avoid antimicrobial resistance. In
this scheme, developing countries overhaul developed
countries because of numerous e-medicine solutions.
Noteworthy, in this scenario an increase in atomic
power usage results in a greater risk of catastrophe;
consequently, radioactive caesium (137Cs) leakage,
which is a pollutant contributing to IBS development,
is likely. On the other hand, automation and overall
progress in genetic engineering allow less frequent
use of pesticides, what lowers soil pollution with
chemicals.
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Core tip: Decreasing the dietary intake of poorly
absorbed carbohydrates and/or using bile acid binders
can greatly decrease symptoms of diarrhoea. Pelvic
floor weakness with urgency and incontinence may
masquerade as diarrhoea and can be managed with
soluble fibre supplements and bile acid binders in many
cases.
Philpott H, Nandurkar S, Lubel J, Gibson PR. Food, fibre,
bile acids and the pelvic floor: An integrated low risk low
cost approach to managing irritable bowel syndrome. World J
Gastroenterol 2015; 21(40): 11379-11386 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i40/11379.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i40.11379

INTRODUCTION

Abstract
Patients presenting with abdominal pain and diarrhea
are often labelled as suffering from irritable bowel
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syndrome, and medications may be used often without
success. Advances in the understanding of the causes
of the symptoms (including pelvic floor weakness
and incontinence, bile salt malabsorption and food
intolerance) mean that effective, safe and well tolerated
treatments are now available.

Patients with functional gastrointestinal disorders
dominate the waiting rooms of general practitioners
and gastroenterologists alike, and the financial
[1,2]
burden of looking after them is considerable . When
faced with a condition that is of high prevalence,
appreciable morbidity but without associated mortality,
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low cost well-tolerated treatment options are sorely
required. Evolving pharmacotherapies, whilst promi
[1]
sing come at significant financial cost . Precise history
taking to define dietary indiscretions and adjust
intake, particularly of poorly absorbed carbohydrates
(FODMAPS) has gained increasing acceptance and
[2]
is now validated by randomised controlled studies .
Some cases of diarrhoea labelled as irritable bowel
syndrome with predominant diarrhoea (IBS-D) may,
on further questioning represent evolving urgency
and incontinence in the context of pelvic floor
[3,4]
dysfunction
. Simple measures again including
dietary modification, fibre supplementation and
also instructions about toilet habits are effective
treatments for many, and supported by clinical
[5,6]
studies
. Finally, for the patient with refractory
diarrhoea, manipulation of the bile acid pool with the
empirical use of sequestrants such as cholestyramine
[7]
may be useful, although more studies are needed .
Unifying these three broad subject areas (namely the
role of dietary intake, the pelvic floor and bile acids
in functional symptoms) is a growing awareness of
their profound impact on gastrointestinal physiology,
the lack of available or reliable investigations, but
the simplicity, low cost and low risk of empirical
treatment. This opinion-based review considers the
rationale and evidence behind these management
strategies and presents a pragmatic and cost effective
approach to treatment.

FOOD INTOLERANCE AND FUNCTIONAL
GI SYMPTOMS
Patients with IBS frequently attribute certain foods
as a precipitant to their symptoms. Several recent,
high quality reviews have comprehensively outlined
this area. Notably, some of the commonest implicated
foods are coffee and hot spices (which remain
relatively unstudied) but also peas and cabbage (which
would be encompassed by the acronym FODMAP). An
awareness of these trigger foods obviously opens the
door to simple avoidance, a process that obviously
requires the patient to accept treatment as opposed to
investigation and cure as the goal.
The Low FODMAP approach to the treatment of
gastrointestinal symptoms is now well studied and
the efficacy is established by a number of studies,
albeit usually involving small numbers of patients but
notably including randomised and placebo controlled
methodologies. The underlying rationale to this
approach is that poorly absorbed carbohydrates may
exert an osmotic effect in the small bowel (leading to
water retention and diarrhoea) and may be fermented
in the colon (leading to distension and a feeling of
bloating). This is supported by a study of patients with
intestinal stoma, where the diet decreased stomal
output, and by a separate MRI study of patients with
intact gastrointestinal tracts demonstrating both
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increased small intestinal water content and colonic
[8,9]
distension . Interestingly, improvements in global
satisfaction with gastrointestinal functioning, including
constipation as well as diarrhoea are reported by
patients, and this strategy has been studied in all
[2]
subtypes of irritable bowel syndrome . Theoretically
however, the removal of osmotically active molecules
should worsen constipation.
Investigation of carbohydrate absorption or
“malabsorption” utilizing hydrogen breath test (HBT)
is proposed to assist in the appropriate selection of
individuals likely to respond to dietary restriction of
these substrates. However, healthy individuals vary
markedly in their ability to absorb carbohydrates
such as fructose (commonly tested with HBT), and
the reliability of the HBT (including test - retest data)
[10,11]
has been brought into question
. The results of
HBT have never been used in a research setting to
ascertain a response to dietary modification, with the
major studies empirically reducing FODMAP intake.
Thus HBT’s cannot be recommended as part of the
management of patients modifying their FODMAP
intake.
Resources are readily and affordably available to
help patients manage their IBS symptoms via the low
FODMAP approach. Applications for smart phones and
tablets, websites and cookbooks enable many to selfadminister the diet. It is recommended however that
a supervised process of graded reintroduction occur to
minimise the stringency of the modification, given the
evolving evidence that intestinal microbiota are altered,
and the potential that products of colonic fermentation
(such as short chain fatty acids e.g., butyrate) that
would otherwise be produced in a routine diet may be
reduced and are physiologically important (this is yet
[12]
to be demonstrated) .
Dietary protein and dietary fat intolerance occur
but are less well understood and interventions remain
ineffective or unstudied. The protein receiving greatest
attention from scientists, patients and the popular
press is gluten. The phenomenon of gluten intolerance
[13,14]
is controversial and conflicting research abounds
.
Outside of patients with established coeliac disease,
many with normal coeliac serology and normal
duodenal biopsy following gluten loading (the gold
standard) avidly ascribe symptoms to the ingestion of
gluten, and attest to improvements on a gluten free
diet. It is possible that carbohydrate components of
the wheat (fructans) that are poorly absorbed and
thus considered FODMAPS are responsible for the
[13]
symptoms . Alternatively, additives in bread and
baking techniques may be the cause of this modern
[15]
epidemic . Many clinicians speak of patients that can
tolerate bread in France or Italy, only to experience
symptoms on returning home, a fact that may be
secondary to an increased utilisation of fast - rise
bread making techniques in countries such as the
United Kingdom.
It is likely that dietary fat also is responsible for
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Table 1 Types of bile acid malabsorption
Type 1

Type 2

Type 3

Examples
Terminal ileitis (e.g., Crohn’s disease)
Following resection of terminal ileum
No definable underlying abnormality
(this would apply to idiopathic chronic diarrhoea with a
response to bile acid sequestrants and/or abnormal SeHCAT)
Post cholecystectomy
Post vagotomy
Coeliac disease

symptoms in patients with IBS, and that modification
may improve symptom control, however this remains
unstudied in the context of practical clinical dietary
studies. An interventional laboratory based study
demonstrated increased rectal sensitivity to balloon
inflation induced by duodenal lipid infusion, which
provides a compelling argument that lipids are
important in IBS, given that sensitivity to rectal balloon
distension has been proposed as a surrogate marker
for the visceral hypersensitivity that underpins the
[16]
pathophysiology of IBS . Pancreatic insufficiency and
a positive response to pancreatic enzyme replacement
has been described in patients with IBS-D, although
[17]
the evidence for this approach is currently scant .
If further research is supportive, then the use of
pancreatic enzymes, along with the other measures
proposed herewith could in addition offer a low cost,
readily available treatment option.

Bile acids and diarrhoea

Clinicians first learnt that bile salts caused diarrhoea
by observing patients with Crohn’s disease that
had undergone ileal resection. Pioneering work by
[18]
Hoffman et al , demonstrated increased colonic
bile acid exposure, increased stool weight and water
content that was reversible when cholestyramine
was administered. Similarly diarrhoea induced by
[19]
cholecystectomy may respond to cholestyramine . In
routine clinical practise, we manage many patients that
have urgency, abdominal pain, diarrhoea and even
occasional incontinence years after cholecystectomy
that has passed unrecognised by other practitioners.
Typically these patients respond to cholestyramine. In
recent years, the proposition that anatomically normal
individuals may have measurable abnormalities in
[20]
bile salt recirculation has gained acceptance . The
proposed subtypes of bile acid malabsorption (BAM)
are presented in Table 1.
BAM may be a more appropriate diagnosis in at
least 25% of patients with IBS-D, and treatment
with a bile acid binder may improve the symptoms
of many patients with unexplained diarrhoea with
(or perhaps more controversially) without BAM
demonstrated by selenium homocholic acid taurine
[21]
(SeHCAT) . In the future, the use of BAS may not
be limited simply to treating diarrhoea, and have
been trialled for patients with incontinence, anorectal
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pain post haemorrhoidectomy and for gastritis post
[22-24]
cholecystectomy
.
Bile salts are excreted from the liver and are in
volved in the solubilisation and lipolysis of ingested
lipids, thus facilitating absorption in the small
[25]
intestine . The conjugation within the liver of
the bile acids to glycine and choline to produce
chenodeoxycholic acid and cholic acid allows them
to remain in an ionised form that resists passive
absorption. Rather, 95% of excreted bile acids are
+
absorbed via the apical Na dependent transporter
in the ileum. The process whereby bile acids are
produced in the liver, stored in the gallbladder,
released into the duodenum and absorbed in the
terminal ileum is termed the enterohepatic circulation
[26]
of bile acids
(Figure 1).
The regulation of bile acid production and recir
culation involves a negative feedback loop where
the receptor farnesoid X (FXR) in the ileum and
liver senses the recirculated bile and, via secondary
mechanisms involving gene transcription and pro
duction of the inhibitory fibroblast growth factor-19
(FGF-19), leads to decreased bile acid synthesis from
cholesterol (a more detailed discussion can be found
[20]
elsewhere as listed) .
The delivery of excess amounts of the bile acids
chenodeoxycholic acid and deoxycholic acids to the
colon results in excess salt and water excretion, colonic
contractions and thus potentially diarrhoea whilst a
deficiency may have the opposite effect and cause
[27]
constipation . These observations arguably should
place interventions related to bile acid delivery to the
colon at the forefront of considerations when treating
these symptoms (see below).
The suggestion that many patients with IBS-D have
BAM means that a large number of current patients
have an undiagnosed, undefined and untreated entity.
The alternative view is that modulation of bile acid
recirculation with bile acids sequestrants will alter
intestinal transit in most patients, with the results
of investigations to delineate physiological variation
instead arbitrary, untested and not useful. From a
theoretical standpoint, excess conjugated bile acid
delivery to the colon could be secondary to: (1)
Excessive bile salt production; (2) Inefficient bile salt
resorption (due to abnormalities of active transport
mechanisms in the ileum or rapid transit precluding
adequate absorption); (3) Excessive colonic salt and
water production, or colonic motility in contact with a
“normal” amount of bile salts; and (4) Abnormal bile
salts.
The preferred explanation for bile salt diarrhoea,
is in fact, excessive production of bile salts due
to a failure of the negative feedback loop, as a
[28]
consequence of inadequate FGF-19 production . An
enlarged bile acid pool thus causes diarrhoea, and
[7,29]
supposedly would cause an abnormal SeHCAT test
.
Expansion of the bile acid pool in those with clinical
BAM has been previously demonstrated. Conflicting
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IBS-D

Bile acid malabsorption

Chronic diarrhoea
Incontinence (urgency)

Figure 1 Overlapping entities presenting as loose motions and abdominal discomfort. Note that patients with incontinence and urgency often report abdominal
pain, as do those with loose motions and a positive SeHCAT. IBS-D: Irritable bowel syndrome-diarrhea.

data emerge when attempting to correlate SeHCAT
values and FGF-19, with a recent study failing to
demonstrate a difference between healthy controls
[28]
and those with IBS-D . Earlier research however has
linked low FGF-19, elevated plasma 7 alpha-hydroxyl4-cholesten-3-one (C-4 - a surrogate marker of the
[25]
hepatic biosynthesis of bile) and BAM .
Inefficient bile acid absorption is thought to be
rare, with abnormalities of genes coding the ileal
apical bile acid transporter thought to be uncommon,
phenotypically rare and limited to well defined familial
[30]
cases . Rapid small intestinal transit may explain
BAM, although this theory is only weakly supported by
evidence and the high efficiency of the apical BA would
[31]
make this hypothesis less likely . The notion that
the SeHCAT may instead reflect alterations in small
intestinal transit is also disputed with contradictory
[32]
evidence .
The response of the animal colon and importantly
human colon to bile acids has only been studied in
several small experiments, and further more definitive
enquiry seems technically difficult and unlikely to
occur. However it seems plausible that significant
differences between individuals when exposed to the
same concentration of bile salts could occur. Variations
in the constituents of bile salts have not been studied
in this context.

INVESTIGATION
Selenium homocholic-acid taurine (SeHCAT) is a
radiopharmaceutical that is licensed for the inves
tigation of BAM, and demonstrates behaviour identical
to endogenous bile acids once being absorbed in the
[7]
ileum after oral ingestion . The severity of the BAM
(or loss) is defined when measured by a gamma
camera at 7 d and is defined by the percentage
remaining in-situ (cut off commonly < 5% defining
severe malabsorption, and 15% mild). SeHCAT is the
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only widely available measure of enterohepatic bile
salt recirculation, and as such is used as to define the
entity of BAM. There is no comparable test commonly
available, and no gold standard definition of BAM.
The flaw is this approach is that normal values have
never been clearly established, that the reliability of
the test (including test-retest characteristics) remains
unknown, and that the definition of an abnormal result
varies. A health technology review commissioned by
the National Health Service (NHS) in 2013 concluded
that before SeHCAT can be recommended as a reliable
and cost effective measure, studies that include
treatment of all patients regardless of SeHCAT result
[33]
are needed . The majority of those performed to date
have simply compared patients with variable levels
of BAM, with retention of selenium isotopes of < 5%,
< 10% or < 15 % respectively most often reported.
In fact in a recent systematic review of the area, the
efficacy of patients treated with cholestyramine did not
differ between those with various levels of BAM defined
[21]
by SeHCAT .
Several alternative tests are available that hold
future promise in defining BAM, but require further
validation. Serum C-4 is a surrogate measure of
bile acid production, whilst FGF-19 is produced
by enterocytes and hepatocytes and is integral
to the negative feedback loop regulating bile acid
[34]
production . Studies have variably demonstrated
a correlation between these seromarkers and the
[20]
SeHCAT, and clinically with symptoms of BAM .
Measurement of stool bile acids via spectroscopic
techniques is feasible but costly.

TREATMENT
In countries such as the United States and in
Australasia, SeHCAT is either not available or available
in a limited capacity. This means that empirical
treatment with bile acid binders such as cholestyramine
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developed medications such as colesevelam, and a
colonic release colestyramine may improve palatability
and limit side effects, however limited availability
[35]
and high cost limit these options currently . Finally,
malabsorption of fat soluble vitamins has been
described, suggesting that monitoring with blood tests
(e.g., INR and vitamin D) and supplementation where
[36,37]
necessary (e.g., multivitamins) is needed
.

Patient presents with abdominal
discomfort and loose motions

Red flags; weight loss, PR
blood loss, family history
of bowel cancer or colitis,
age > 50, positive coeliac
serology or abnormal stool
analysis
No
Consider past history
of cholecystectomy,
age and risk factors for
incontinence (female,
smoking, obstetric trauma)
No
Commence the low FODMAP
diet, consider other potential
triggers, e.g. , caffeine,
lactose, spicy foods

Yes

Gastroscopy and
colonoscopy

Defecatory disorders

Disorders of defecation are a common cause of
[4]
gastrointestinal symptoms . Awareness of and training
in these issues is arguably suboptimal within the field
[38]
of gastroenterology . Several recent comprehensive
position papers and reviews have emphasised the
importance of considering these conditions early in the
[39,40]
management of patients with altered bowel habit
.

Past cholecystectomy
Trial cholestyramine

Incontinence;
advice regarding
diet (FODMAP),
psyllium fibre, advice
regarding use of foot
stool

Incontinence and urgency

Assess response to diet
Success = continue
Failure = check compliance.
Consider empirical trial of
cholestyramine

Figure 2 Proposed management algorithm for patients with loose motions
± abdominal pain.

is the only rational and available approach, whereby
a response to treatment defines the entity. There is
much to commend this approach given the current
concerns with the validity of measures for BAM,
although in the context of an aim to improve, tailor and
streamline the treatment of patients with functional GI
conditions this is questionable.
There is little doubt in our minds, based on the
available evidence and our own clinical experience,
the bile acid sequestrants have a potent effect on
gastrointestinal physiology and thus ameliorate
symptoms of diarrhoea in many patients. Some degree
of caution should be exercised before widespread
empirical therapy can be proposed first line in those
with diarrhoea however. We thus propose this treatment
in those who have not responded to dietary therapy
(Figure 2). The ability of cholestyramine to ameliorate
symptoms of IBS-D in a patient with a normal SeHCAT
is unknown, and even when there is a clearly defined
abnormality on SeHCAT, open studies (as opposed
to placebo controlled) only have been undertaken.
Cholestyramine is not always well tolerated, with
20%-30% of patients ceasing this medication as
a result, describing unpleasant taste, constipation
[21]
(ironically) or abdominal discomfort . Newly
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Faecal incontinence, defined as the unintentional
passage of faeces or flatus encompasses a range of
severities, and is a common and socially debilitating
problem, affecting 5%-15% of adults, with some
but not all studies demonstrating a female gender
[41]
predominance . Other risk factors for faecal incontinence
include cigarette smoking, multiparity, advancing age
and cholecystectomy. Demonstrable deficits in anal
sphincter integrity (e.g., at endoanal ultrasound) are
particularly prevalent in multiparous women, sphincter
atrophy common in smokers and pudental nerve injury
[6]
is a factor in some cases .
A full, detailed knowledge of the investigations
available to diagnose FI is not practically required
for most gastroenterologists (and indeed is the
domain of colorectal surgeons in many regions of the
world). An awareness of the spectrum of the problem
(that may be described by patients as “diarrhoea”
until questioned further) and the good response to
conservative treatments in 25%-50% is however
[41]
vitally important . A range of incontinence scoring
systems have been proposed, and it is notable that
included in some definitions is an inability to defer
defecation for 15 or more minutes, (hence urgency
[42]
is included) and the use of anti-diarrhoeals . In
clinical practise we are referred many patients who
are mildly incontinent but have had the diagnosis
missed or labelled as diarrhoea. Urgency and lower
abdominal discomfort is often a feature. Obviously,
exclusion of other conditions or precipitants (that may
th
th
affect particularly women in their 5 and 6 decadethe age when incontinence has a peak onset in adults)
including microscopic colitis and BAM type 3 is also
essential.
Conservative therapies including dietary advice
(eliminating the ingestion of poorly absorbed carbo
hydrates), use of bulk forming laxatives (in particular
psyllium), instruction concerning the most efficient
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posture to defecate (with the feet elevated at least
10 cm from the floor to open up the anorectal angle)
and possibly pharmacotherapy (loperamide is most
frequent, but interestingly cholestyramine has
been trialled and found to be effective in an open
labelled study, as has clonidine) have in combination
[24,43]
demonstrated efficacy
. Failure of these simple
measures mandates referral for physiological and
anatomical investigations including anorectal mano
metry and endoanal ultrasound.

CONCLUSION
The symptoms of abdominal pain and diarrhoea are
common causes of morbidity. Simple low risk high
efficacy treatments are available. Dietary modification
of poorly absorbed carbohydrates is a strategy now
supported by randomised controlled trial evidence.
Incontinence with pelvic floor weakness (often
misdiagnosed as diarrhoea) is effectively managed
conservatively in many. Evolving evidence suggests
widespread use of empirical bile acid sequestrants may
be appropriate in unexplained diarrhoea unresponsive
to dietary modification.
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Abstract
Pancreatic cancer is usually diagnosed at an advanced
stage and curative resection is feasible in only a
small minority of patients at the time of diagnosis.
Diagnosis at an early stage is unequivocally associated
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with better long-term survival. Several candidate
molecular markers for early detection are currently
under investigation in different phases of discovery and
validation. Recent advances in the technology for whole
genome, methylome, ribonucleome, and proteome
interrogation has enabled rapid advancements in the
field of biomarker discovery. In this review we discuss
the current status of molecular markers for detection
of pancreatic cancer in blood, pancreatic cyst fluid,
pancreatic juice and stool and briefly highlight some
promising preliminary results of new approaches that
have the potential of advancing this field in the near
future.
Key words: Early detection of cancer; Sensitivity and
specificity; Pancreatic cancer; Pancreatic juice; Stool;
Pancreatic cyst fluid; Biomarkers; Methylation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic cancer is a leading cause of cancer
mortality worldwide. Early detection at a resectable
stage is associated with the best long-term prognosis.
There are ongoing efforts globally to discover, validate
and optimize molecular markers for early diagnosis.
The challenge is to develop highly sensitive markers
not only for earliest stage cancer but also to accurately
detect premalignant lesions with high grade dysplasia
that would maximally benefit from resection. In this
review, we summarize some of the most promising
biomarkers for molecular detection of pancreatic cancer
and discuss evolving molecular approaches.
Majumder S, Chari ST, Ahlquist DA. Molecular detection of
pancreatic neoplasia: Current status and future promise. World J
Gastroenterol 2015; 21(40): 11387-11395 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i40/11387.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i40.11387
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INTRODUCTION
In 2015, an estimated 48960 people will be diagnosed
[1]
with pancreas cancer (PC) in the United States .
Based on current SEER (Surveillance, Epidemiology,
and End Results Program) statistics factsheets
published by the National Cancer Institute (NCI),
only a small minority of them (7.2%) will survive for
[1]
5 years or more . In 2012, 337872 new cases of PC
were reported worldwide along with 330372 PC-related
[2]
deaths . PC is currently the seventh leading cause of
cancer mortality worldwide and is projected to become
the second leading cause of cancer mortality in the
[3,4]
United States by 2030 .
Over the past two decades the 5-year survival rate
[1]
of PC has improved from 3.6% to 7.2% . This has
been attributed to improvements in peri-operative
[2,5]
care and decreased surgical mortality . However,
definitive surgical intervention is feasible in only a
small minority of patients diagnosed with PC. The
disease is localized to the pancreas in less than 10%
cases at the time of initial diagnosis and patients with
localized disease have a significantly better outcome
[1]
with 5-year survival rate of 27% . In instances of
incidentally discovered asymptomatic stage I disease,
[6]
5-year survival may exceed 70% . It is obvious that
diagnosing PC in the early stages will significantly
improve survival.
There is an urgent need to develop early detection
methods to improve these outcomes. New molecular
approaches offer the promise of accuracy, ready
distribution, and affordability that will be needed to
deliver practical screening tools. For a diagnostic
biomarker to be clinically useful in early detection
of PC, the most important characteristics are high
sensitivity, high specificity, and ability to discriminate
low-grade dysplasia from high-grade dysplasia and
early cancer. Such performance features would
help select patients for early endoscopic or surgical
intervention with curative intent. Highly sensitive
markers that lack specificity can result in a large
number of false positive tests and lead to unnecessary
and expensive tests and procedures.

BIOLOGICAL CONSIDERATIONS
Contrary to common belief that pancreatic ductal
adenocarcinoma (PDAC) is a rapidly-growing malig
nancy, its progression through the stages of precancer
to metastatic disease may take an average of two
[7]
decades . This is a critically important observation
suggesting that there may be an ample period during
which to screen the key target lesions-earliest stage
cancer and those precancers at greatest risk of
[8]
progression .
Although the earliest precancer lesions in PDAC, also
known as pancreatic intra-epithelial neoplasia (PanIN),
are well-defined from a histologic standpoint, currently
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available imaging techniques and biomarkers lack
sensitivity for their detection. The cystic premalignant
lesions which include intraductal papillary mucinous
neoplasms (IPMNs) and mucinous cystic neoplasms
(MCNs) are more readily identifiable by imaging.
However, as the large majority of these cystic lesions
do not progress to cancer, their incidental detection
often results in a management dilemma. Current risk
prediction models are imperfect and the proportion
of pancreatic resections for non-neoplastic lesions
appears to be much higher than the proportion of
[9]
“missed” cancer .
Thus, the natural history of PDAC appears to
present a window of opportunity for detection of
early stage and potentially-curable neoplasms. The
challenge is to develop highly sensitive molecular
markers not only for earliest stage PDAC but also with
the ability to accurately detect pancreatic premalignant
lesions with high grade dysplasia that would maximally
benefit from surgical resection.

ADVANCES IN TECHNOLOGY
The past decade has witnessed explosive progress
in whole genome, methylome, ribonucleome, and
proteome interrogation that has accelerated the
identification of candidate biomarkers for early
detection of PDAC. While candidate markers generated
from these discovery engines have potential to
yield discriminant tests when applied to distant
media, clinical validation and test development are
largely at early stages. The use of a variety of assay
platforms has been explored on diverse media such as
plasma, serum, cyst fluid, pancreatic juice and stool.
Molecular markers have been evaluated to detect both
cancer and premalignant pancreatic lesions, assess
prognosis, and predict tumor response to specific
pharmacotherapy. In the future, such molecular tests
may be applied to guide individualized cancer therapy.
Over the past decade, several molecular tests have
been studied in pancreatic neoplasms (Table 1). In
this review, we describe the molecular markers that
are currently in the pipeline and also discuss evolving
molecular approaches which may potentially alter
the diagnostic paradigm for pancreatic cancer in the
future. The focus is on PDAC and cystic neoplasms
of the exocrine pancreas since these comprise the
majority of malignant pancreatic tumors.

Blood testing

Conventional approach: Conventional biomarkers
for the detection of PDAC have been largely proteinbased and have several limitations. Carbohydrate
antigen 19-9 (CA 19-9) is the most widely studied
conventional biomarker for PDAC. Importantly, levels
are often normal in early disease and falsely elevated
in patients with various conditions, such as biliary
[10]
obstruction . Furthermore, it is well known that up
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Table 1 Biomarkers for molecular detection of pancreatic cancer
Bio specimen
Blood

Type of biomarker

Examples of molecular markers

Conventional protein markers

Carbohydrate antigen 19-9 (CA 19-9)
Carcinoembryonic antigen (CEA)
Intercellular adhesion molecule-1 (ICAM-1)
Osteoprotegerin (OPG)
Macrophage inhibitory cytokine-1 (MIC-1)
Tissue inhibitor of metalloproteinases-1 (TIMP-1)
S100 calcium-binding protein P (S100P)
KRAS, TP53, SMAD4, CDKN2A, KDM6A, PREX2
p16, ppENK, cyclin D2, SPARC/osteonectin SOCS-1, TSLC1
miR-1290, miR-145, miR-150, miR-223, miR-636, miR-26b, miR-34a, miR-122, miR-126, miR-145,
miR-150, miR-223, miR-505, miR-636, miR-885.5p.
(molecular markers not yet interrogated)
KRAS, GNAS
BNIP3, PTCHD2, SOX17, NXPH1 and EBF3
miR-138, miR-195, miR-204, miR-216a, miR-217, miR-218, miR-802, miR-155, miR-214, miR-26a,
miR-30b, miR-31, and miR-125
Gelsolin, Lumican, Galectin-1 and Laminin
KRAS, TP53
ADCY1, CD1D, BMP3
KRAS, BMP3

Novel proteins

Mutated genes
Aberrantly methylated genes
Micro-RNAs
Circulating tumor cells
Mutated genes
Aberrantly methylated genes
Micro-RNAs

Cyst fluid

Tumor tissue
Pancreatic juice
Stool

Novel proteins
Mutated genes
Aberrantly methylated genes
Mutated genes

to 15% of individuals with a high tumor burden have
normal or undetectable CA 19-9 levels. About 5% of
Caucasians lack the Lewis blood group antigen and
have undetectable levels of CA 19-9 since they lack the
characteristic fucosylation pattern required for CA 19-9
[10]
detection by commercially available assays . The
combination of these factors makes it an unreliable
screening tool. Its scope in current practice is largely
restricted to detection of tumor recurrence after
[11,12]
surgical resection
. Carcinoembryonic antigen (CEA)
has also been studied as a diagnostic test for PDAC
and found to have poor performance characteristics. In
isolation, it has low diagnostic accuracy for aggregate
stages of PDAC with a sensitivity of 54% and
specificity of 79%; these respective metrics change to
86% and 72%, when CEA is used in combination with
[13,14]
CA 19-9
.
Novel proteins: A variety of discovery approaches
have been pursued to profile the pancreatic cancer
proteome and identify biomarkers for diagnosis.
Several sample types, including whole tumor
tissue, isolated neoplastic cells and isolated tumor
stromal cells have been used in these discovery and
[15]
validation efforts . In addition to tissue profiling, the
proteome has also been studied in pancreatic juice
and serum using liquid chromatography tandem mass
spectrometry as well as high-throughput immunologic
[16]
proteomic strategies . In the past, antibodies to
osteoprotegerin, intercellular adhesion molecule-1
(ICAM-1) and tissue inhibitor of metalloproteinases-1
(TIMP-1) have been proposed as potential diagnostic
biomarkers for PDAC. In a case-control study of 333
patients with PDAC, a combination of CA 19-9, ICAM-1
and OPG antibodies was found to have a sensitivity
and specificity of 88% and 90%, respectively, for
[17]
distinguishing PDAC from healthy controls . However,

WJG|www.wjgnet.com

a more recent case-control study evaluating ICAM-1
and TIMP-1 levels argued against their utility in the
early diagnosis of PDAC. In this study investigators
tested the levels of these proteins in pre-diagnosis
samples of patients 0-12 mo before a diagnosis
of PDAC and a quantitative comparison with noncancer control samples revealed no significant
[18]
difference . Interestingly, patients with jaundice
secondary to both benign and malignant etiology had
elevated circulating levels of these proteins leading
the investigators to believe that failure to account for
biliary obstruction may have contributed false positive
results in prior studies. Other circulating proteins that
have been identified as candidate biomarkers include
macrophage inhibitory cytokine-1 (MIC-1) and S100
calcium-binding protein P (S100P). Serum MIC-1
may have a higher sensitivity (62.5% vs 25.0%) and
similar specificity compared to CA19-9 for detection
[19]
of early stage PDAC . A meta-analysis evaluating
the diagnostic performance of S100P reported
pooled sensitivity and specificity of 87% and 88%,
respectively, for aggregate stages of PDAC with an
[20]
AUC of 0.93 .
Further investigation is clearly indicated to cor
roborate early observations with these novel diffe
rentially-expressed candidate biomarkers and to
better define their biological significance and clinical
utility.
DNA: Mutations - The genomic landscape of PDAC
is complex. In recent years, in-depth analysis of the
coding region of the genome using high-throughput
studies of gene expression has revealed a large
number of gene expression abnormalities associated
[21]
with PDAC. In one of the early studies, Jones et al
performed SAGE (serial analysis of gene expression)
analysis of 24 PDACs with tumor cells passaged in vitro
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as cell lines or in nude mice as xenografts. This study
identified 10-fold overexpression of 541 genes in more
than 90% of the tumors when compared to normal
[21]
pancreatic duct cells .
Commonly mutated genes that characterize
PDAC include KRAS, TP53, SMAD4 and CDKN2A.
A recently published study describing deep wholegenome sequencing and copy number variation (CNV)
analysis of 100 patients with PDAC has reaffirmed
that chromosomal rearrangement in these four
genes is an important mechanism of DNA damage
[22]
in pancreatic carcinogenesis . Activating mutations
in KRAS were identified in nearly all patients in this
study and the prevalence of inactivation events for the
other genes was 74% for TP53, 35% for CDKN2A and
31% for SMAD4. This study also identified inactivating
mutations in two new genes KDM6A and PREX2,
[22]
occurring in 18% and 10% of patients .
The reported mutation rate of KRAS in PDAC
ranges from 75%-95%, making it the most commonly
[23,24]
mutated gene in PDAC
. Although KRAS mutation
testing appears to be an attractive diagnostic target,
commercially available plasma assays lack specificity
and are relatively insensitive in the detection of early
[25]
PDAC . KRAS mutations are known to be present
with greater frequency in smokers and in patients with
chronic pancreatitis both of which are risk factors for
PDAC and further confound the diagnostic utility of this
[24]
marker . A recent meta-analysis of 8 prospective
studies assessing the accuracy of KRAS gene mutation
analysis for diagnosing of PDAC reported a pooled
sensitivity and specificity of 88.7% and 92% for
KRAS mutation analysis combined with cytology of
an endoscopic ultrasound (EUS)-guided fine needle
aspirate (FNA) compared to 80.6% and 97% for EUSFNA alone. The authors concluded that there may be
a role of using KRAS as a diagnostic marker in cases
[26]
where the cytology is inconclusive . Recent interest
has focused on quantification of KRAS mutants in
blood of patients with PDAC as a marker of early
[27,28]
[28]
diagnosis
. Kinugasa et al recently demonstrated
that the ratio of mutant to wild type KRAS could be
used as a biomarker in early PDAC.
Although currently available data clearly demon
strate that genetic mutations and alterations in gene
expression unequivocally contribute to pancreatic
carcinogenesis, none of these genomic markers have
demonstrated favorable performance characteristics
as a diagnostic biomarker in clinical application.
Furthermore, the numerous mutational sites across
involved genes render impractical their use as clinical
biomarkers with current assay platforms. The evolution
of high-speed sequencing platforms could overcome
this limitation in the future.
Another challenge of detecting tumor DNA in blood
pertains to their very low circulating concentrations
at the earliest stages of cancer. Also, unlike RNA
and various protein markers, there is typically only
one copy number of a given DNA marker per tumor

WJG|www.wjgnet.com

cell. Accordingly, assay platforms with exquisitely
high analytical sensitivity are required to render this
approach feasible. The availability of digital PCR, nextgeneration sequencing, and other innovative platforms
in recent years may provide the requisite performance
[29]
to detect very low levels of circulating mutant DNA .
These results are preliminary and need to be validated
in larger studies.
Methylation - Several studies have focused on
the methylation status of PDAC and cystic pancreatic
neoplasms. Genes that have been identified to undergo
aberrant methylation during pancreatic carcinogenesis
include p16, ppENK, cyclin D2, SPARC/osteonectin
[30-35]
SOCS-1 and TSLC1
. Genome-wide study of
DNA methylation patterns in 167 resected untreated
PDACs demonstrated enrichment of various aberrantly
methylated genes, some of which appear to be highly
[36]
discriminant for PDAC as single markers . Our group
has also identified novel methylated DNA marker
candidates via whole methylome interrogation and
has demonstrated the potential utility of methylation
markers in site-prediction of gastrointestinal
[37]
malignancies . The use of these epigenetic alterations
as early detection markers for PDAC is encouraging,
and rigorous assessment of their application to distant
media is now needed.
RNA: Micro-RNAs are non-coding RNAs that regulate
posttranscriptional gene expression. The increasingly
recognized role of micro-RNAs in oncogenesis and
[38,39]
tumor metastasis has been described
. MicroRNA
profiles specific for PDAC have been found in serum,
pancreatic tissue, cyst fluid and more recently in whole
[40-43]
blood
.
Some of the earlier studies focused on serum and
plasma microRNA profiles to distinguish patients with
[40]
PDAC from healthy volunteers. Li et al
reported
that serum miR-1290 levels appeared to have an
excellent discriminatory ability (AUC of 0.96) to
distinguish patients with early pancreatic cancer
cases from healthy controls. Corroboration and
extension of these early observations are needed.
Several other investigators proposed the role of other
serum microRNAs but most of these early studies
lacked independent validation. The Danish BIOPAC
(Biomarkers in Patients with Pancreatic Cancer) study
analyzed microRNA expression in whole blood in 409
patients with pancreatic cancer. This prospective casecontrol study identified 2 miRNA panels consisting
of sets of 4 (miR-145, miR-150, miR-223, miR-636)
and 10 mi-RNAs (miR-26b, miR-34a, miR-122,
miR-126*, miR-145, miR-150, miR-223, miR-505,
miR-636, miR-885.5p) that distinguished patients
[41]
with PDAC from healthy controls . The larger
panel had a comparatively higher AUC for detection
of early pancreatic cancer (AUC of 0.91 vs 0.80).
Although currently available studies have focused on
identifying free miRNA in plasma or serum, there is
growing interest in exploring circulating exosomes as a
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Figure 1 Detection of circulating pancreatic epithelial cells using geometrically enhanced differential immunocapture in cystic and solid pancreatic
neoplasms using cellular stains for CD45 (green), Pdx-1 (red), and DNA (DAPI, blue). Scale bar: 20 mm. Reprinted from Rhim et al[29].

concentrated and potentially more discriminant source
[44,45]
of miRNA in patients with PDAC
.
As is evident from the above data, a large number
of mi-RNAs have been implicated as potential
biomarkers. The widespread availability of next
generation sequencing techniques has facilitated rapid
advancement in this field of research. Next steps
must involve validation of some of the more promising
markers in larger cohorts, especially focusing on
discriminating between low-grade and high-grade
dysplasia.
Circulating tumor cells: Recent data suggest that
hematogenous spread of pancreatic tumor cells may
be an early event during pancreatic oncogenesis and
circulating tumor cells may be detectable before the
primary tumor can be visualized on any imaging test.
In mouse models, Rhim and colleagues demonstrated
that an epithelial to mesenchymal transition of
PDAC tumor cells occurs as an early phenomenon,
[46]
even before histologic emergence of cancer .
Additionally, they used cell lineage labelling techniques
in transgenic mice with PDAC for a proof of concept
study to show that pancreatic epithelial cells may
enter the circulation prior to tumor formation, and
followed that by observing the same phenomenon
in a subset of patients with cystic pancreatic lesions
[29,46]
(Figure 1)
. Circulating epithelial cells were also
detected in 8 of 11 (73%) patients with PDAC, but
in 0 of 19 control patients without cysts or cancer.
These results are preliminary and need to be validated
in larger studies. Other studies have explored the
possibility of using circulating tumor cell detection as a
marker of predicting prognosis after curative surgical
resection of the primary tumor. Based on preliminary
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data circulating tumor cell testing appears to be more
sensitive (75% vs 69%) and specific (95% vs 81%)
[47]
than CA 19-9 for diagnosing recurrent disease .

Cyst fluid and tissue testing

Advances in endoscopic ultrasound have provided
a relatively safe modality for tissue acquisition from
malignant and premalignant pancreatic lesions.
Several investigators have studied fine-needle aspirate
and cyst fluid specimens for biomarker detection.
The multicenter PANDA (Pancreatic Cyst DNA
Analysis) study found the combined presence of a
KRAS mutation and allelic loss in cyst fluid to have
a sensitivity of only 37% at a specificity of 96% for
discriminating malignant from benign pancreatic
[48]
[49]
cysts . In another study by Wu et al , cyst fluid
GNAS mutations were detected exclusively in IPMNs
and not in any other mucinous, non-mucinous or
malignant pancreatic cysts. Hong and associates
identified hypermethylation of several genes including
BNIP3, PTCHD2, SOX17, NXPH1 and EBF3 in cyst
[50]
fluid from IPMNs with high-grade dysplasia . In a
study comparing the miRNome of low-grade and highgrade pancreatic cystic neoplasms, thirteen miRNAs
(miR-138, miR-195, miR-204, miR-216a, miR-217,
miR-218, miR-802, miR-155, miR-214, miR-26a,
miR-30b, miR-31, and miR-125) were differentially
enriched in cyst fluid samples from patients with
[42]
PDAC . Matthaei and colleagues identified a panel of
9 mi-RNAs in cyst fluid and microdissected formalinfixed, paraffin-embedded (FFPE) tissue from surgically
resected IPMN specimens, which distinguished
potentially malignant cysts requiring surgical
intervention from benign cysts that could be managed
conservatively with a sensitivity of 89%, a specificity
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[43]

of 100%, and AUC of 1 . Such high discrimination in
this early report clearly warrants further exploration.
Mass spectrometric analysis of whole tumor
tissue has identified several proteins associated with
pancreatic oncogenesis. Gelsolin and lumican are
two such proteins initially identified in cancer tissue
that were found to have 80% sensitivity and 95%
specificity as a plasma biomarker in discriminating
early stage pancreatic cancer patients and healthy
[51]
controls . A quantitative proteomic study of PanIN
3 lesions identified more than 200 dysregulated
proteins, the majority being cytoskeleton proteins
involved in cell motility. Galectin-1 and laminin were
overexpressed both in these advanced PanIN lesions
[52]
[53]
and the adjacent pancreatic stroma . Amato et al
used next-generation sequencing to assess mutations
in 48 surgically resected IPMNs and identified GNAS
(79%) and KRAS (50%) to be most commonly
affected genes. These studies using surgical specimens
are susceptible to selection bias and the detection
of these genetic mutations is not ideally suited to be
applied to the diagnostic algorithm of cysts that do
not meet currently established criteria for surgical
resection.
Our understanding of the progression model of
pancreatic cancer has improved significantly over
the past decade. The term pancreatic intraepithelial
neoplasia (PanIN) was introduced in 1999 to describe
[54]
ductal lesions that are precursors of invasive cancer .
Although high-grade ductal precursor lesions (PanIN-3)
have a greater malignant potential, low-grade
PanINs (PanIN-1 and PanIN-2) are more common;
especially in older adults and do not always progress
to cancer. Thus, biomarkers targeting PanIN-3 would
be of greatest clinical utility for early detection. The
overexpression of HER-2/neu and point mutations
in the K-ras gene appear to be early events that
discriminate low-grade ductal premalignant lesions
[54]
(PanIN-1) from normal ductal epithelial cells .
Inactivation of the p16 gene appears to be more
common in higher-grade PanINs compared to lowgrade PanINs and probably occurs at an intermediate
[54]
stage of tumorigenesis . Inactivation of p53, DPC4,
and BRCA2 are relatively terminal events in this
[54]
neoplastic progression . Gene expression profiling
analyses of cells from normal pancreatic ducts, PanINs
and PDAC have revealed more than 1,000 molecules
including S100P, MMP7, MUC4, FSCN1, and MUC5AC
that are preferentially expressed both in PDAC and
[55]
precursor lesions . More work is needed both at the
discovery level and with subsequent validations to
make meaningful progress in identification of useful
markers for PanIN-3.

Pancreatic juice testing

Recent studies have focused on analysis of pancreatic
juice sampled endoscopically from the duodenum
following intravenous administration of secretin to

WJG|www.wjgnet.com

stimulate pancreatic excretion and facilitate juice
collection. In one study KRAS mutations were detected
[56]
in pancreatic juice of 73% of patients with PDAC .
However, KRAS mutations were detected in pancreatic
juice from 19% of controls and attributed to the
presence of small pancreatic intraepithelial neoplasia
[56]
(PanIN) lesions . Detection of mutant TP53 has
been studied in pancreatic juice from patients with
both cancer and precancerous lesions in an enriched
patient population. Although the sensitivity of this test
was only 67.1% in patients with invasive PDAC, TP53
mutations were not identified in any of the 58 controls
[57]
or in patients with PanIN-1 lesions . In our recent
early study using non-optimized techniques on archival
pancreatic juice samples, we identified a panel of novel
methylated DNA markers and mutant KRAS in patients
with PDAC. At specificity cutoffs of 90% and 95%:
this combined marker panel achieved sensitivities of
88% and 77% for diagnosis of PDAC; ADCY1, was
the most sensitive single methylation marker. Overall
discrimination between PDAC and controls by area
under ROC curve was 0.91 for the panel which was
significantly higher than by any single marker (P <
0.05), except ADCY1. Positivity rates were substantially
lower in patients with chronic pancreatitis compared to
[58]
those with PDAC for all markers (P < 0.0001) . With
optimization of marker selection, sample processing,
and assay techniques, analysis of pancreatic juice
has potential to characterize indeterminate pancreatic
lesions with high accuracy.

Stool testing

Although considerable attention has been devoted to
discovery of biomarkers in pancreatic juice and cyst
fluid, the acquisition of these specimens are dependent
on invasive procedures and would not be suitable for
general screening. In a recent study we explored the
possibility of detecting DNA markers in stool as an
[59]
approach to the early detection of PDAC . Nine target
genes were assayed comparing stool samples from
patients with PDAC compared to controls with normal
colons. BMP3 was the most discriminant methylation
marker in stool. At 90% specificity, the combination of
methylated BMP3 and mutant KRAS in stool detected
67% of PDACs. AUC for the combination in stool was
0.85, which was better than the AUC for either test in
isolation. Further studies are necessary to improve the
discriminatory accuracy of stool methylation markers
in patients with early PDAC.

FUTURE CHALLENGES AND
OPPORTUNITIES
Several additional approaches have recently surfaced
which offer creative strategies to early detection of this
lethal cancer.
Exosomes are extracellular vesicles containing
proteins and nucleic acids surrounded by a lipid-bilayer
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wall. Isolation of specific cancer-cell derived exosomes
has been studied as a tool for early diagnosis. In a
recently published study, circulating cancer-cell derived
exosomes enriched in glypican-1 were identified as
a marker for diagnosis of PDAC with reported 100%
specificity and 100% sensitivity (AUC of 1.0) for
[60]
detecting PDAC .
The pancreas has a major role in regulation of
metabolism in healthy individuals. It follows intuitively
that metabolomic profiling of individuals affected by
PDAC could reveal diagnostic clues. A study using
serum assay in a p48-Cre/LSL-KrasG12D mouse
model identified a distinct metabolic pattern that
distinguished animals with early stage PDAC from wild[61]
type controls with an accuracy of 82% . Metabolomic
markers will require further research to determine
their potential value in the early detection of PDAC.
Core fucosylation (CF) is a form of glycosylation
mediating post-translational modification of cellular
protein. CF-glycosylation of an isoform of α-fetoprotein
(AFP-L3) is a sensitive biomarker of hepatocellular
[62]
carcinoma (HCC). Tan et al
recently published an
elegant study describing differentially expressed CF
peptides distinguishing between serum of healthy
control and patients with pancreatic cancer. Research
in this field is at a nascent stage and carries great
future promise. Another approach that has recently
emerged as an exciting new avenue for biomarker
discovery in PDAC is the detection of discriminatory
[63]
cytokine biomarker panels .
These and other novel molecular approaches on the
discovery horizon warrant further study in the search
for better methods of to improve early detection of
PDAC.
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CONCLUSION
The number of promising biomarkers for early
diagnosis of pancreatic cancer has risen dramatically
in recent years. However despite the large number of
studies and new discoveries, no molecular approach
has been rigorously validated or ascended to
application for routine clinical use to date. Mutational
analysis points to the heterogeneity in acquired genetic
changes in PDAC and underscores the complexity and
obstacles inherent to the use of mutations as candidate
markers for detection. Other classes of markers, such
as aberrantly methylated DNA or miRNA, may be
more informative and practical at this time. Carefully
designed clinical validation studies are now needed
to sort out which molecular markers measured,
which assay platforms, and in which biological media
will prove to be of greatest value in screening and
surveillance applications.
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) has the
poorest prognosis of all malignancies and is largely
resistant to standard therapy. Novel treatments against
PDAC are desperately needed. Anti-Gal is the most
abundant natural antibody in humans, comprising
about 1% of immunoglobulins and is also naturally
produced in apes and Old World monkeys. The anti-Gal
ligand is a carbohydrate antigen called “α-gal epitopes”
with the structure Galα1-3Galβ1-4GlcNAc-R. These
epitopes are expressed as major carbohydrate antigens
in non-primate mammals, prosimians, and New World
monkeys. Anti-Gal is exploited in cancer vaccines to
increase the immunogenicity of antigen-presenting
cells (APCs). Cancer cells or PDAC tumor lysates are
processed to express α-gal epitopes. Vaccination with
these components results in in vivo opsonization by
anti-Gal IgG in PDAC patients. The Fc portion of the
vaccine-bound anti-Gal interacts with Fcγ receptors
of APCs, inducing uptake of the vaccine components,
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transport of the vaccine tumor membranes to draining
lymph nodes, and processing and presentation of
tumor-associated antigens (TAAs). Cancer vaccines
expressing α-gal epitopes elicit strong antibody
production against multiple TAAs contained in PDAC
cells and induce activation of multiple tumor-specific T
cells. Here, we review new areas of clinical importance
related to the α-gal epitope/anti-Gal antibody reaction
and the advantages in immunotherapy against PDAC.
Key words: Pancreatic cancer; Immunotherapy; Cancer
antigen; MUC1; α-gal epitopes; Cancer vaccine; Cancer
stem cell; Carbohydrate research
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The goal of cancer immunotherapy is to
elicit an immune response against autologous tumors
and to induce multiple T cell clones against multiple
tumor-associated antigens. To establish effective, nextgeneration immunotherapy toward pancreatic ductal
adenocarcinoma (PDAC), we focus on the strong
interaction between the natural human antibody, antiGal, and carbohydrate antigens called “α-gal epitopes”.
Here, we review the literature on the distribution of
natural anti-Gal antibody and its ligand in mammals
and characterization of the immunosuppressive
microenvironment of PDAC tumors, which is a major
obstacle against effective clinical immunotherapies. We
also discuss immunotherapeutic strategies using the
α-gal epitope/anti-Gal antibody reaction.
Tanemura M, Miyoshi E, Nagano H, Eguchi H, Matsunami K,
Taniyama K, Hatanaka N, Akamatsu H, Mori M, Doki Y. Cancer
immunotherapy for pancreatic cancer utilizing α-gal epitope/
natural anti-Gal antibody reaction. World J Gastroenterol 2015;
21(40): 11396-11410 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i40/11396.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i40.11396

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is common
worldwide, and its incidence is gradually increasing
in the United States, with an estimated 43920 new
[1]
cases and 37390 deaths in 2012 . Surgical resection
[2]
is the only known curative treatment for PDAC , and
patients who develop a recurrence usually present
with the recurrence between 9 and 12 mo after
[3]
resection . The median survival of PDAC patients
following surgery is 15-20 mo, with a 5-year survival
[3,4]
rate of approximately 20%
. Accordingly, the
median survival of patients with locally advanced,
[2,5]
unresectable PDAC is very poor . Currently, only a
few chemotherapeutic agents have been shown to be
effective against PDAC, including gemcitabine and a
combination of fluorouracil, leucovorin, oxaliplatin, and
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[6,7]

irinotecan, which is called the FOLFIRINOX regimen .
Unfortunately, the survival of patients treated with
these regimens is marginal.
From the point of view of the PDAC microenvironment,
reciprocal interactions between cancer cells and
host cells including fibroblasts and inflammatory
and vascular endothelial cells orchestrate a micro
environment that is immunosuppressive, fibrotic, and
[8-10]
poorly vascular
. This desmoplastic reaction that
surrounds PDAC lesions constitutes a major obstacle
[11]
to the efficacy of therapy . Indeed, cytotoxic drugs
poorly penetrate this dense stromal matrix. Hence,
novel therapeutic approaches against PDAC are
urgently needed. As immunotherapies act differently
than conventional therapies, including chemotherapy
or radiation therapy, they are a promising alternative
treatment modality for this deadly disease.
Here, we review relevant immunotherapies and
address the basic problems with cancer immunotherapy.
We detail our recent strategy for vaccination with
tumor antigens exploiting the interaction between α-gal
epitopes and anti-Gal antibody. The ligand for antiGal is a carbohydrate antigen called α-gal epitope with
the structure Galα1-3Galβ1-4GlcNAc-R, which is on
[12]
carbohydrate chains of glycolipids and glycoproteins .
Furthermore, we also discuss our novel immunotherapy
approach that targets pancreatic cancer stem cells
(CSCs) using stem cell markers that are engineered to
express α-gal epitopes.

Epidemiology and clinical management of pancreatic
cancer

PDAC is the fifth leading cause of cancer-related death
in the developed world, with more than 260000 deaths
[13]
annually worldwide . Surgical resection (resectable
disease) is the only curative treatment. However,
the 5-year survival rate after surgical resection is
[2]
only 5.5%-21% . Radiation therapy (as combined
modality therapy for locally advanced/unresectable
disease) and chemotherapy (as adjuvant treatment
for both locally advanced/unresectable and metastatic
disease) have become a part of the armamentarium
[14,15]
of therapy for PDAC
. However, most patients
present with advanced, unresectable disease, and
even those that undergo successful surgical resection
have high recurrence rates, with an average overall
[14,15]
survival of 16-18 mo
. Chemotherapeutic options
[16]
include gemcitabine-based therapy
and more
recently, FOLFIRINOX in select patients with a favorable
[6,7]
performance status . We and others have reported
encouraging survival rates following preoperative
gemcitabine-based chemoradiotherapy in patients
[17-19]
with potentially resectable PDAC
. Despite modest
improvements in mortality and quality of life, the
benefits of treatment remain limited, and cures are
rare.
The poor prognosis of PDAC is related to a com
bination of late detection and relatively ineffective
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standards of care. Several promising drugs that
target important characteristics of malignancy, such
as angiogenesis, proliferation, and metastasis, have
failed to provide clinically relevant benefits and have
provided only trivial improvements in disease-free
survival and overall survival rates.
As immunotherapies act differently than standard
treatments (chemotherapy and radiation therapy),
they represent a promising alterative treatment
modality for this deadly disease. Immunotherapies
use techniques such as vaccination that is designed
to activate the patient’s immune system with tumorassociated antigens (TAAs) expressed in PDAC
cells. The immune system that has been activated
by vaccination can recognize TAAs and eradicate
cancer cells. Although several clinical studies
have documented evidence of treatment-induced,
antigen-specific immune responses, few, if any,
protective immune responses have been observed
[20]
in patients with metastatic disease . In addition,
vaccination against TAAs is an attractive approach
as an adjuvant-setting treatment after surgery when
[21,22]
tumor-induced immune suppression is minimal
.
Effective anticancer functions of the immune system
+
require cytotoxic CD8 T cells, Tn helper-1 (Th-1)
cells, mature dendritic cells (DCs), activated proinflammatory macrophages (M1), and natural
killer cells. However, PDAC cells induce both local
and systemic immune dysfunction, thus avoiding
[8-10,23]
detection by the immune system
.

Immune cells in PDAC promote an immunosuppressive,
anti-inflammatory environment, which is a major
obstacle in clinical immunotherapy

At the level of cancer cells, PDAC cells induce both
local and systemic immune dysfunction via at least
three mechanisms involving modulation of the
immune system and avoidance of detection by
effector cells: (1) contact-dependent factors [i.e.,
expression of immune system checkpoint ligands
such as ligand for programmed death-1 (PD-L1)]; (2)
secretion of soluble immunosuppressive factors such
as interleukin (IL)-10, transforming growth factor
(TGF)-β, and vascular endothelial growth factor; and
(3) interference with major histocompatibility complex
(MHC) class Ⅰ peptide presentation by downregula
tion of MHC class Ⅰ expression, disabling antigen
degradation, or preventing antigen insertion into the
MHC class Ⅰ groove (Figure 1).
The tumor microenvironment of PDAC consists of
not only cancer cells but also immune suppressive
cells such as cancer-associated fibroblasts (CAFs),
tolerogenic DCs, myeloid-derived suppressor cells
(MDSCs), immunosuppressive tumor-associated
macrophages (TAMs), and regulatory T cells (Tregs)
(Figure 1). These immunosuppressive cells in PDAC
can inhibit the anti-tumor immunity that is induced by
vaccines. Accumulation of these immunosuppressive
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cells may be closely related to the extent of disease
and may contribute to the failure to provide clinically
relevant benefits. CAFs secrete fibroblast activation
protein (FAP-α), which further suppresses effector
T cells by interfering with tumor necrosis factor[24,25]
and interferon-γ-related activation
. FAP-α is
overexpressed in both the PDAC stroma and on PDAC
[26]
cells , and anti-FAP-α monoclonal antibodies are
currently in clinical development. MDSCs are immature
myeloid cells that suppress both innate and adoptive
[27]
immunity . Factors contributing to their action in
immunity include sequestration of cysteine, expression
of high levels of arginase, impairment of T cell homing
to lymph nodes, and secretion of TGF-β. These factors
inhibit the function of effector T cells and natural killer
cells and promote the development of Tregs. Patients
with PDAC have increased numbers of MDSCs in their
circulation compared to healthy controls, and MDSC
numbers are correlated with levels of the Th-2 cytokine
[28,29]
IL-13 and Treg cell numbers
. An increased
number of circulating MDSCs is an independent poor
[28,29]
prognostic factor in PDAC patients
. Furthermore,
TAMs interact with the immune system via multiple
mechanisms such as secretion of IL-10 and TGF-β
and expression of immune inhibitory ligands such as
PD-L1. In PDAC, TAMs are significantly increased in
[30,31]
tumor tissue
. Patients with PDAC have increased
numbers of Tregs, both in the circulation and in tumor
tissues. By expression of cytotoxic T lymphocyte
antigen-4 and secretion of IL-10 and TGF-β, Tregs
suppress the exaggerated immune responses induced
[32,33]
by vaccination
. Conversely, a low Treg percentage
in the circulation 1 year after surgical resection is
[34]
correlated with improved survival . Taken together,
these cellular subtypes, including CAFs, MDSCs, TAMs,
and Tregs, are potent obstacles against effective
clinical immunotherapies.

Reciprocal distribution of the natural anti-Gal antibody
and its ligand, a -gal epitopes, in mammals

Anti-Gal is the most abundant antibody in humans,
comprising about 1% of immunoglobulins, and is
[35,36]
present as IgG, IgM, and IgA isotypes
. AntiGal is continuously produced throughout life as an
immunological response to antigenic stimulation
by bacteria of the normal flora, including Klebsiella
[35,36]
pneumonia, Escherichia coli, and Serratiamarcecens
.
As many as 1% of human B cells are capable of
[12]
producing anti-Gal , most of which are quiescent;
only those in the gastrointestinal tract produce
this antibody in response to continuous antigenic
stimulation by gastrointestinal bacteria. Anti-Gal in
humans is encoded by several heavy-chain genes,
[12,37]
primarily of the VH3 immunoglobulin gene family
.
The distribution of anti-Gal in mammals is unique
(Figure 2). Anti-Gal is produced only in humans and
Old World primates (monkeys of Asia and Africa). In
contrast, all other mammals including non-primate
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Figure 1 Mechanistic basis for vaccine-based immunotherapy, and immune co-stimulatory, co-inhibitory ligands and receptors, and soluble immune
modulating factors involved in T cell activation and inhibition. Anticancer immunotherapy aims to harness the natural ability of the immune system to recognize
and react against potential TAAs. Peptide-based, protein-based, or whole cell-based vaccines rely on identified immune-dominant TAA epitopes to stimulate anticancer
T-cell responses. Antigen-presenting cells (APCs), including dendritic cells, capture antigens obtained from vaccinations. After intracellular processing, antigen
peptides are loaded onto major histocompatibility complex (MHC class Ⅰ or Ⅱ) molecules on the surface of the APC. Specific T cells encounter these MHC-peptide
complexes in conjugation with a co-stimulatory signal. The activated T cells proliferate and secrete cytokines (IL-2, IL-4, IL-5, INF-γ), resulting in the production of a
cascade of immune effector cells. Immunotherapeutic strategies that inhibit immune checkpoints such as those mediated by CTLA-4 and PD-1 reduce the barriers that
vaccines must overcome to trigger therapeutically relevant anticancer immune responses. Recently, preclinical and clinical studies have demonstrated that combining
immune-modulating agents such as cyclophosphamide (CY) and checkpoint inhibitors (anti-CTLA-4, anti-PD-1, anti-PD-L1) with vaccine strategies can enhance
anticancer immune responses as well as block the tolerizing mechanisms that would otherwise inhibit these responses. ADCC: Antibody-dependent cell-mediated
cytotoxicity; CAF: Cancer-associated fibroblast; CDC: Complement-dependent cytolysis; CTLA-4: Cytotoxic T lymphocyte antigen-4; FAP-α: Fibroblast activation
protein-α; TAM: Tumor-associated macrophage; TCR: T cell receptor; PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand.

mammals (e.g., kangaroos, mice, rats, pigs, dogs,
horses, lions, and dolphins), prosimians (e.g., lemurs),
and New World monkeys (monkeys of central and
south America) produce only the specific ligand for
anti-Gal and not the antibody (Figure 2). The ligand
for anti-Gal is a carbohydrate antigen called the α-gal
epitope with the structure Galα1-3Galβ1-4GlcNAc-R,
which is present on carbohydrate chains of glycolipids
[12]
[38]
and glycoproteins . In 1968, Eto et al
were the
first to isolate the glycolipid ceramidepentahexoside,
which contains the non-reducing terminal sequence
Galα1-3Galβ1-4GlcNAc-R, from rabbit red blood cells
(RBCs). Subsequently, the structure of rabbit RBC
ceramidepentahexoside was further characterized
[39]
by Stellner et al
in 1973. The synthesis of α-gal
epitopes in mammals is catalyzed by the glycosylation
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enzyme α1, 3 galactosyltransferase (α1, 3 GT). As α-gal
epitopes are abundant in both marsupials and placental
mammals and absent in non-mammalian vertebrates
(fish, reptiles, and birds), the α1, 3 GT gene and α-gal
epitope appeared in mammalian evolution at least 140
million years ago (Figure 2). The continued prevention
of anti-Gal production in mammals by natural selection
throughout this evolutionary period may have resulted
in the elimination of anti-Gal-encoding immunoglobulin
[12]
genes from the mammalian genome .
The only known exceptions to anti-Gal production
in mammals are in Old World monkeys, apes, and
[12]
humans , which all have an inactive α1, 3 GT gene
as the result of a few single-base deletions that
generate premature stop codons that truncate the
[12]
enzyme molecule, resulting in an inactive protein .
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and marsupials. All non-mammalian vertebrates lack α1, 3 GT and do not express α-gal epitopes. Expression of this epitope was suppressed in ancestral Old World
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Based on the sequence of the α1, 3 GT pseudogene
in Old World primates and humans, inactivation of
the α1, 3 GT gene in ancestral Old World primates
[12]
(Figure
may have occurred 20-28 million years ago
2), and the inactivation may have been associated
with a major catastrophic epidemiological event
[12]
that affected only ancestral Old World primates .
New World monkeys and lemurs were not subjected
to this selective pressure because they evolved in
geographical areas that were separated from the Old
World land mass by oceanic barriers. Primates with
an inactivated α1, 3 GT gene lack the α-gal epitope
and thus are not immunotolerant to it. The anti-Gal
antibody, if produced following inactivation of the α1, 3
GT gene, may provide immune protection to ancestral
Old World primates against pathogens endemic to
the Old World land mass that were detrimental to
[12]
primates that expressed α-gal epitopes . Several
[12]
[12]
pathogens, including enveloped viruses , bacteria ,
[12]
and protozoa , express α-gal epitopes and can be
destroyed by anti-Gal binding.
Anti-Gal antibody interacts specifically with α-gal
epitopes on glycolipids and glycoproteins. Anti-Gal
was initially discovered on RBCs of patients with
[12,40]
,
β-thalassemia, on normal human senescent RBCs
and on sickle cell anemia RBCs. A cryptic antigen
capable of binding anti-Gal may be present on human
RBCs that are about 120 d old or on thalassemia and
sickle cell anemia RBCs on which this antigen is present
[12,40]
on younger RBCs
. The amount of this cryptic
antigen on RBCs is very low, resulting in markedly high
[41]
binding of anti-Gal, which is detrimental .
Although anti-Gal contributes to a number of
pathological phenomena, this antibody is ubiquitous
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in humans. Furthermore, anti-Gal activity is found
in cancer patients with solid tumors, including colon
cancer, ovarian cancer, and PDAC and in patients with
B cell lymphoma; anti-Gal activity is similar in patients
[40]
with various types of cancer and healthy individuals .
Anti-Gal may be amenable to exploitation in a number
of clinical settings such as cancer immunotherapy, as
described in this review.

Interaction of anti-Gal/α -gal epitopes as a barrier in
clinical xenotransplantation

Xenotransplantation, or transplantation of organs
and tissues from animals such as pigs into humans,
is of considerable clinical importance because the
[42,43]
number of human organ donors is insufficient
.
Pigs are considered to be the most suitable organ
donors because their organs are similar in size and
[42,43]
function as many human organs
. However, pig
[35]
cells express very high levels of α-gal epitopes . AntiGal in xenograft recipients binds to α-gal epitopes
on the endothelial cells of xenografts and induces
complement-dependent cytolysis followed by platelet
aggregation, occlusion of small blood vessels, collapse
of the vascular bed, and hyperacute rejection of the
[35]
xenograft within 0.5-24 h (Figure 3) . An additional
complicating factor in xenotransplantation is associated
with the important finding that approximately 1%
[35,36]
of B cells in humans produce anti-Gal
. When a
xenograft is transplanted into humans, the released
α-gal glycoproteins activate these quiescent B cells
to produce anti-Gal. The anti-Gal IgG titer increases
by approximately 100-fold due to increases in both
[41]
the concentration and affinity of the antibody . In
noteworthy studies performed by Groth and Galili,
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kidney

Figure 3 Hyperacute rejection of α-gal+/+ pig kidney xenografted into a baboon (1 d after kidney transplantation). The interaction of natural baboon anti-Gal
antibody with millions of α-gal epitopes expressed on the pig cell surface causes strong xenograft rejection. The in vivo binding of anti-Gal antibody to α-gal epitopes
on transplanted pig heart or kidney is the main cause of hyperacute rejection of such grafts in humans and Old World monkeys. The recent generation of α1, 3 GT
knockout pigs that lack α-gal epitopes has resulted in the elimination of this immunological barrier.

they clearly demonstrated such an increase in anti-Gal
activity in patients with diabetes who received both
an allogeneic kidney and fetal pig islets. This increase
in anti-Gal occurred despite immunosuppressive
treatment that was potent enough to prevent rejection
[40,44]
of the kidney allograft
. This elicited anti-Gal IgG
activity is likely to mediate destruction of xenograft
cells by antibody-dependent cell-mediated cytotoxicity.
Fortunately, this immunological barrier was overcome
in 2003 by the generation of α1, 3 GT knockout pigs,
[45,46]
which lack α-gal epitopes
. Accordingly, heart and
kidney xenografts from these knockout pigs transplanted
[42,46-48]
into monkeys survived for several months
. The
detrimental anti-Gal/α-gal epitope interaction that
occurs in xenotransplantation may be harnessed for
beneficial purposes in other clinical areas such as
immunotherapy.

Principals of PDAC treatment with immunotherapy

Because currently available therapies have signifi
cant limitations, PDAC is an ideal setting for the
development of novel treatment modalities such as
immunotherapy. However, certain obstacles must be
overcome for immunotherapeutic regimens against
PDAC to be successful.
Tumor cell vaccines have been considered for use
in immunotherapy. The simplest vaccine approach that
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has been applied in PDAC is inoculation of individuals
with irradiated tumor cells (i.e., whole cancer cellbased vaccines). This approach has the following
[49-51]
advantages
. Whole cancer cell-based vaccines
circumvent the need for targeting a selected TAA as
they rely on irradiated tumor cells that by definition
express a panel of TAAs. In this setting, allogeneic
preparations overcome the technical difficulties
that may be posed by the production of autologous
vaccines, which require the isolation of a sufficient
amount of malignant tissue from patients. Whole cellbased vaccines also provide non-biased immunization
of lymphocytes and sera against TAAs, resulting in the
generation of a reagent that may be used to identify
immunologically relevant TAAs for use in the design of
antigen-specific vaccination strategies.
In general, cytotoxic T cell lymphocytes play
a critical role in the immunological cascade that
ultimately results in the lysis of cancer cells in a TAA[23]
specific manner . Receptors on the surface of T cells
bind to TAAs or peptide fragments that are bound
to MHC class Ⅰ molecules, which are present on the
surface of professional antigen-presenting cells (APCs)
such as DCs and macrophages. T cell activation,
however, also requires the presence of costimulatory
molecules (e.g., B7.1, B7.2), which can be provided
[52]
only by professional APCs . The interaction of the T
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Figure 4 Increased immunogenicity of known and unknown tumor-associated antigens and MUC1 engineered to express α-gal epitopes. Immunity towards
known and unknown tumor-associated antigens (TAAs), including MUC1, in PDAC patients is relatively weak, and presentation of these TAAs to the immune system
is poor due low immunogenicity. We tested the effects of vaccination using immunogenetically enhanced known and unknown TAAs and MUC1 with expression of α-gal
epitopes on production of antibodies for MUC1 and other TAAs derived from PDAC cells, as well as induction of tumor-specific T cell activation.

cell receptor on naïve T cells with the TAA on tumors
without the delivery of a costimulatory nonspecific
signal (Signal 2) is thought to result in the T cell
entering a state of long-term unresponsiveness to the
[53-55]
TAA, called anergy
. Once T cells are activated,
helper T cells are recruited that secrete cytokines such
as IL-2 and granulocyte macrophage colony-stimulating
factor, which further enhances T cell activation and
proliferation (Figure 1). Accordingly, T cells require
[56]
these two signals to become fully activated . Despite
these immunological responses to the presence of
PDAC cells, effective immunity does not develop
against PDAC cells because of impaired tumor
recognition by immune cells, poor immunogenicity
of TAAs, and the presence of an immunosuppressive
milieu in the PDAC tumor microenvironment, which
includes CAFs, MDSCs, TAMs, and Tregs (Figure 1).
Another reason for the absolute requirement for
effective uptake of whole cell-based vaccines by APCs
is that activation of TAA-specific T cells does not occur
at the vaccination site, but rather takes place within
the draining lymph nodes of the vaccination sites or in
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the spleen. Only after they are activated can tumorspecific T cells leave the lymph nodes or spleen to seek
and destroy cancer cells that express the TAAs. For
such activation to occur, the whole cell-based vaccine
must be transported from the vaccination site by APCs
[57,58]
to lymph nodes or the spleen
. Transportation
of vaccines occurs only after effective uptake of the
[57,58]
vaccine by APCs
.

Improving APC targeting through formation of immune
complexes containing a -gal epitopes and anti-Gal

As described above, TAA molecules expressed on
whole cell-based vaccines are not modified to express
markers that allow effective recognition by APCs. This
section describes how whole cell-based vaccines can
be directed to APCs through formation of immune
complexes that interact with Fcγ receptors (FcγRs) on
APCs. The carbohydrate make-up of whole cell-based
vaccines can be modified to include expression of α-gal
epitopes (Figure 4). These epitopes are recognized by
naturally abundant anti-Gal antibodies that opsonize
the whole cell-based vaccines, and the resulting immune
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complex enhances the immunogenicity of the whole
cell-based vaccine. APCs, including macrophages, skin
Langerhans cells, and blood-derived DCs, all express
FcγRs (e.g., Fcγ RI/CD64, Fcγ RⅡ/CD32, Fcγ RⅢ/CD66).
These FcγRs bind and mediate the internalization of
opsonized cells (i.e., cells with bound IgG molecules),
cell membranes, or molecules (all defined as cancer
antigens) via the Fc portion of the opsonizing IgG
[59-61]
antibody
. This results in enhancement of the
immunogenicity of the antigen that is complexed with
an IgG antibody. Thus, vaccination of cancer patients
with a tumor cell vaccine that is modified to express
α-gal epitopes should result in in situ binding of the
patient’s anti-Gal IgG molecules to α-gal epitopes
on the vaccinating cell membrane. This targets the
vaccines to APCs by interaction of the Fc portion of the
anti-Gal antibody on the vaccinating cell membrane
[62,63]
with FcγRs on the APCs
. This interaction induces
the uptake of the whole cell-based vaccine by APCs,
which subsequently transport the vaccinating tumor
membranes to the draining lymph nodes or spleen.
[64]
In our previous study , we investigated the
beneficial effects of whole cell-based vaccines with
α-gal epitope-expressing pancreatic cancer cells in the
induction of tumor-specific B- and T-cell responses, in
vivo prevention of tumor growth, and improvement
[64]
in survival . We employed a human pancreatic cell
line, PANC1, which endogenously expresses Mucin1
(MUC1) in the whole cell-based vaccine. MUC1 can
be used as a tumor marker and is a potential target
for PDAC immunotherapy. However, vaccination with
MUC1 peptides fails to stimulate an immune response
against PDAC because immunity toward TAAs,
including MUC1, in PDAC patients is relatively weak,
and the presentation of these TAAs to the immune
system is poor due to their low immunogenicity (Figure
4). To increase the immunogenicity of the PANC1
whole cell-based vaccine, which includes unknown
TAAs and the MUC1 antigen against APCs, we modified
these cells to express α-gal epitopes by transfection
of the mouse α1, 3 GT gene (designated here as
α-gal PANC1) (Figure 4). This modified whole cellbased vaccine takes advantage of anti-Gal antibodies,
resulting in increased uptake of TAAs contained in the
tumor cell vaccine in an antibody-dependent manner.
Simultaneously, MUC1 can also be engineered to
express α-gal epitopes, because the MUC1 molecule
has five potential sites for N-glycans and can bind antiGal in situ at the vaccination sites (Figure 4).
In Figure 5A, we show a schematic illustration
of an experimental protocol. The anti-Gal antibody
as a natural antibody is not present in naïve α1, 3
GT knockout mice. Repeated immunizations with
pig kidney fragments result in the appearance of
anti-Gal antibodies, with an anti-Gal IgG titer that
is similar to that observed in a large proportion of
samples of human serum. In vitro analysis of the
immune response showed that three vaccinations
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with α-gal PANC1 elicited a strong anti-MUC1 IgG
response, whereas vaccination with whole parental
PANC1 cells did not elicit such an antibody response
(Figure 5B). Furthermore, α-gal PANC1 whole cellbased vaccines induced a protective immune response
against a tumor challenge with the MUC1-expressing
B16F10 melanoma cell line (Figure 5C). The beneficial
effects of α-gal PANC1 whole cell-based vaccines are
illustrated by prolonged survival after tumor challenge.

PDAC tumor lysates that are engineered to express
α -gal epitopes can target pancreatic CSCs

In previous sections, we described the in vitro and in
vivo effects of whole cell-based vaccination with α-gal
[64]
epitope-expressing pancreatic cancer cells . However,
the effect was somewhat weak as shown in Figure
5C. To further develop an effective immunotherapy
for PDAC, we hypothesized that the tumor lysate is a
more suitable source of TAAs for vaccination because
it contains several known and unknown antigens
expressed in cancer cells and stromal cells that can
elicit a broad-spectrum anti-tumor immune response
(Figure 6). Moreover, the primary PDAC tumor tissue
[65-69]
contains a subset of putative pancreatic CSCs
(Figure 6). These pancreatic CSCs are resistant to
the standard cytotoxic agent gemcitabine and show
[65-69]
enhanced metastatic potential
. Additionally,
inducing an immune response against pancreatic
CSCs, which constitute only 1% of all cancer cells, is
[65-69]
often difficult
.
In the newest study in our institute, we prepared
a polyvalent tumor lysate vaccine that was engi
neered to express α-gal epitopes on primary PDAC
[70]
tumors (designated α-gal tumor lysate vaccine) .
Accordingly, α-gal tumor lysate vaccines should be able
to increase the immunogenicity of the broad spectrum
of TAAs, which are present in differentiated pancreatic
cancer cells, pancreatic CSCs, and stromal cells (Figure
6). As shown in Figures 7 and 8, we investigated the
beneficial effects of the α-gal tumor lysate vaccine
using adoptive transfer models. The tumor growth
of live PDAC cells, which include differentiated
pancreatic cancer cells and pancreatic CSCs, in nonobese diabetic/severe combined immunodeficiency
(NOD/SCID) mice was examined. The experimental
design of the adoptive transfer model using NOD/SCID
mice is shown in Figure 7. High anti-Gal knockout
mice were generated as described in a previous
[41]
study . Subsequently, these mice were vaccinated
with either the parental tumor lysate or an α-gal
tumor lysate vaccine. To compare the effectiveness
of the α-gal whole cell-based vaccine with that of
the α-gal tumor lysate vaccine, the NOD/SCID mice
were given ip injections of an α-gal whole cell-based
6
vaccine consisting of 1 × 10 cells irradiated with 50
Gy in a manner similar to the tumor lysate vaccine.
One week after the last vaccination, splenocytes were
prepared from successfully vaccinated donor knockout
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Figure 6 Concept of effective vaccination with α-gal tumor lysate against pancreatic ductal adenocarcinoma. A tumor lysate is a more suitable source of
tumor-associated antigens (TAAs) because it contains several known and unknown antigens in cancer cells and stromal cells that can elicit a broad-spectrum antitumor immune response. Moreover, the primary tumor of pancreatic adenocarcinoma contains a subset of pancreatic cancer cells with stem cell properties (i.e.,
pancreatic cancer stem cells: pancreatic CSCs). To increase the immunogenicity of known and unknown TAAs, CSC markers, or TAAs contained in cancer stromal
cells to antigen-presenting cells, anti-Gal bound to α-gal-expressing TAAs could be a suitable strategy.

mice. For adoptive transfer, these isolated splenocytes
were transferred by ip injection into NOD/SCID mice.
One day after adoptive transfer, all NOD/SCID mice
were challenged with either live PDAC cells or live
+
+
pancreatic CSCs (i.e., CD44 CD24 PANC1 cells).
These mice were examined for both tumor growth and
survival (Figure 7). Regarding the size of subcutaneous
tumors after a challenge with live PDAC cells (Figure
8A), untreated control mice, parental tumor lysatevaccinated, and α-gal whole cell-vaccinated mice
developed large tumors, whereas no tumor growth
was noted in the α-gal tumor lysate-vaccinated
[70]
mice . Regarding the size of subcutaneous tumors
after a challenge with live pancreatic CSCs, control
mice, parental tumor lysate-vaccinated, and α-gal
whole cell-vaccinated mice developed large tumors,
but tumorigenesis by pancreatic CSCs was completely
prevented in all α-gal tumor lysate-vaccinated mice
(Figure 8B). With the exception of the α-gal tumor
lysate group, no significant differences were found in
the time to appearance of palpable tumors after tumor
challenge among these three groups, including the
α-gal whole-cell group. Moreover, vaccination with the
parental tumor lysate and with α-gal whole-cell did
not prolong the survival time after tumor challenge
with pancreatic CSCs, whereas vaccination using the
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α-gal tumor lysate significantly improved survival after
[70]
tumor challenge . Taken together, in vivo anti-tumor
effects induced by α-gal tumor lysate vaccination were
markedly stronger than those with either the parental
tumor lysate or α-gal whole-cell. The reason for the
powerful induction of anti-tumor effects by α-gal
tumor lysate vaccination was clearly shown with flow
cytometry (Figure 8C). Sera from both α-gal whole-cell
and α-gal tumor lysate groups more strongly bound to
+
+
both CD44 CD24 (pancreatic CSCs) and CD44 CD24
PANC1 cells (differentiated PDAC cells) than to those
from the parental tumor lysate group. Importantly,
vaccination with the α-gal tumor lysate induced
better antibody production against both PANC1 cell
populations than α-gal whole cell-based vaccination
(Figure 8C).
We conclude that the use of a tumor lysate vaccine
that is engineered to express α-gal epitopes can elicit
a durable and broadly protective immune response to
subtypic PDAC cells, and that such vaccination may be
a strategy for a universal cancer vaccine that will cure
patients with PDAC.

Conclusion and future perspectives

The inability of the immune system to mount an
antitumor response in PDAC despite an influx of
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lymphocytes has led to an abundance of therapeutic approaches aiming to modify and potentiate the immune reaction. Immunotherapeutic strategies have shown defined
activity in the tumor and its microenvironment. Despite an antitumor response, application of these mechanisms has not yet become a component of standard therapy,
largely due to the transient, unpredictable nature of the result of treatment and the lack of advanced phase studies.
Most PDAC patients have advanced unresectable disease at the time of diagnosis. Therefore, the high tumor burden of unresectable disease may overcome the
effects of immune system stimulation that is induced by immunotherapy. Moreover, genomic instability confers resistance, and a fibrotic, hypoxic, hypovascular, and
immunosuppressive tumor microenvironment may limit the potential benefits of immunotherapeutic applications of mono-TAA-based immunization. Accordingly,
any vaccine used in patients with PDAC should contain multiple TAAs, that is, a polyvalent tumor lysate vaccine prepared from autologous tumors. However,
immunotherapy alone is limited by the number of cytotoxic T lymphocytes that can penetrate a large and established pancreatic tumor. The most encouraging results
[21,22]
of immunotherapy in PDAC have been in adjuvant settings, such as post-surgery
. In clinical application for resectable disease, we plan to employ as vaccinating
material, autologous tumor lysates prepared from surgically resected PDAC that is enzymatically processed in vitro to express α-gal epitopes (Figure 9). However,
the tumor mass resected from the pancreas is often small and limited, and the vast majority of PDAC patients are diagnosed as inoperable because they present
with incurable metastatic disease. To overcome the problem of limited tissue, we propose using tumors generated in mice for vaccination material as described in this
article (Figure 9). Furthermore, the role of combination therapy with either systemic chemotherapy or radiation therapy with immunotherapy using α-gal tumor lysate

Figure 7 experimental design of the adoptive transfer model using non-obese diabetic/severe combined immunodeficiency mice. Experimental design of in vitro and in vivo studies was shown. For in vivo study, the adaptive transfer
model, using non-obese diabetic/severe combined immunodeficiency mice as donors was employed.
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Figure 8 In vivo tumor growth in adoptively transferred non-obese diabetic/severe combined immunodeficiency mice challenged with either live PANC1
cells or live CD44+CD24+ PANC1 cells, and production of antibodies against differentiated cancer cells and cancer stem cells. A: We monitored tumor growth
in splenocyte-transferred mice. No tumors were noted in the α-gal tumor lysate-vaccinated mice. No significant differences in the time to appearance of a palpable
tumor after tumor challenge were observed in the untreated control group and parental tumor lysate group (untreated: 10.6 ± 2.5 d; parental tumor lysate: 11.9 ± 2.1
d). In contrast, the development of tumors in the α-gal whole cell vaccination group was significantly delayed compared with the untreated and parental tumor lysate
groups (α-gal whole-cell: 16.0 ± 2.8 d, P = 0.018 vs control; P = 0.004 vs parental tumor lysate). In the untreated control group, the maximum tumor size was 100
mm2 within 29 to 34 d (mean: 31.4 ± 2.1 d). In comparison, tumor growth to a similar size was markedly delayed in both the parental tumor lysate group (40.3 ± 6.9 d,
P = 0.007 vs control) and α-gal whole-cell group (45.6 ± 8.3 d, P = 0.0013 vs control). +; death; B: The tumorigenesis of pancreatic CSCs was completely prevented
in all α-gal tumor lysate-vaccinated mice. With the exception of the α-gal tumor lysate group, no significant differences were seen in the time to appearance of
palpable tumors after tumor challenge among the groups (untreated: 13.1 ± 3.3 d; parental tumor lysate: 14.4 ± 3.4 d; α-gal whole-cell: 17.0 ± 3.8 d). The tumor
size reached 100 mm2 in 40.6 ± 1.8 and 48.0 ± 4.4 d in the untreated and parental tumor lysate groups, respectively. However, tumor growth to a similar size was
significantly delayed in the α-gal whole-cell group (60.5 ± 7.9 d; P < 0.001 vs control; P = 0.033 vs parental tumor lysate). +; death; C: Production of either anti-CD44CD24- PANC1 (i.e., differentiated pancreatic cancer cells) antibodies or anti-CD44+CD24+ PANC1 (i.e., pancreatic cancer stem cells) antibodies in sera of vaccinated
knockout mice assessed with flow cytometry. Closed histogram; stained cells with sera from non-vaccinated knockout mice, open histogram; stained cells with sera
from vaccinated knockout mice. MFI: mean fluorescence intensity.

vaccination should also be assessed due to evidence
that synergistic effects may occur when both therapies
are administered simultaneously (Figure 9). We
sincerely hope that the use of a tumor lysate vaccine
that is engineered to express α-gal epitopes will elicit
a strong immune response toward all PDAC cells,
including differentiated PDAC cells and PDAC CSCs,
and will improve the prognosis for patients with PDAC.
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For clinical application of this effective immunotherapy,
we need to assess the toxicity and safety of injection
of α-gal tumor lysates in humans. Although further
studies are required, we should earnestly and simul
taneously engage in both clinical studies involving
α-gal tumor lysate vaccination and safety studies for
this novel immunotherapy against the deadly disease,
PDAC.
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PDAC patients

Resectable disease

Locally advanced/unresectable and metastatic disease

Adjuvant therapy after tumor resection

Multimodal therapy

Chemotherapy
+
immunotherapy with a-gal autologous tumor lysate

Chemotherapy + radiotherapy + immunotherapy with
either a-gal whole cancer cell-based vaccines or
a-gal tumor lysate vaccination (tumors generated in mice)

Additional immunotherapy to treat recurrent disease
a-gal whole cancer cell-based vaccines
a-gal tumor lysate vaccination (tumors generated in mice)

Figure 9 Treatment strategy using cancer immunotherapy utilizing α-gal epitope/anti-Gal antibody reaction for pancreatic ductal adenocarcinoma patients.
The clinical implications of this cancer immunotherapy model are shown. For patients with resectable disease, we plan to employ autologous tumor lysates prepared
from surgically resected PDAC that is enzymatically engineered to express α-gal epitopes. For patients with recurrent disease after surgery, additional immunotherapy
with either α-gal whole cancer cell-based vaccines or α-gal tumor lysate vaccination (tumors generated in mice) should be assessed. For patients with unresectable
and metastatic disease, multimodal therapy, including cancer immunotherapy using either α-gal whole cancer cell-based vaccines or α-gal tumor lysate vaccination
(tumors generated in mice) should be conducted.
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Abstract
Long-term chronic infection with Helicobacter pylori (H.
pylori ) is a risk factor for gastric cancer development.

In the multi-step process that leads to gastric cancer,
tight junction dysfunction is thought to occur and serve
as a risk factor by permitting the permeation of luminal
contents across an otherwise tight mucosa. Mechanisms
that regulate tight junction function and structure in
the normal stomach, or dysfunction in the infected
stomach, however, are largely unknown. Although
conventional tight junction components are expressed
in gastric epithelial cells, claudins regulate paracellular
permeability and are likely the target of inflammation
or H. pylori itself. There are 27 different claudin
molecules, each with unique properties that render the
mucosa an intact barrier that is permselective in a way
that is consistent with cell physiology. Understanding
the architecture of tight junctions in the normal
stomach and then changes that occur during infection
is important but challenging, because most of the
reports that catalog claudin expression in gastric cancer
pathogenesis are contradictory. Furthermore, the role of
H. pylori virulence factors, such as cytotoxin-associated
gene A and vacoulating cytotoxin, in regulating tight
junction dysfunction during infection is inconsistent in
different gastric cell lines and in vivo , likely because
non-gastric epithelial cell cultures were initially used
to unravel the details of their effects on the stomach.
Hampering further study, as well, is the relative lack of
cultured cell models that have tight junction claudins
that are consistent with native tissues. This summary
will review the current state of knowledge about gastric
tight junctions, normally and in H. pylori infection, and
make predictions about the consequences of claudin
reorganization during H. pylori infection.
Key words: Helicobacter pylori ; Tight junction;
Claudins; Paracellular permeability; Stomach;
Cytotoxin-associated gene A; Vacuolating cytotoxin;
Lipopolysaccharide; Urease; Ammonia
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Core tip: Tight junction dysfunction is a risk factor for
cancer development during Helicobacter pylori (H.
pylori ) infection. The recent identification of numerous
barrier-forming claudins has greatly improved our
understanding of properties that regulate selective
permeation across the tight junction in general, but
little is known about the role of claudins in the stomach,
or in H. pylori infection. In this article, we review the
current state of knowledge on stomach tight junction
composition and organization, discuss the details of
claudin expression in various species and in cultured
gastric cells, and discuss the implications of tight
junction dysregulation in gastric cancer pathogenesis.
Caron TJ, Scott KE, Fox JG, Hagen SJ. Tight junction disruption:
Helicobacter pylori and dysregulation of the gastric mucosal
barrier. World J Gastroenterol 2015; 21(40): 11411-11427
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11411.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11411

INTRODUCTION
Tight junctions have recently attracted a great deal of
interest because of their regulated permeability to ions,
solutes, and water conferred by a large and diverse
group of transmembrane proteins consisting mainly of
occludin, junctional adhesion molecules (JAM’s), and
members of the claudin family of proteins. Additionally,
the discovery that increased intestinal permeability
occurs during inflammation by tight junction dysfunction
has driven new ways of thinking about the pathogenesis
[1-3]
of inflammatory bowel diseases
. To date, the
study of tight junction structure and function in the
gastrointestinal tract has focused mainly on intestine
and colon, which are considered “leaky” transporting
epithelia that take advantage of tight junctions that
are selectively permeable to ions and small molecules
[4,5]
for passive paracellular absorption and secretion .
We propose that the stomach is a tighter epithelium
that generates favorable ion gradients during active
acid and pepsinogen section to drive passive, transce
+
+
llular transport with little chance of cation (Na , H )
movement across tight junctions. The stomach must
act as a barrier to localize toxins, food substances,
and the microbiota to the gastric lumen thus inhibiting
access to the systemic circulation. The stomach has
an additional challenge of limiting secretion-mediated
hydrogen ion and pepsinogen back-diffusion across
the epithelial barrier. Helicobacter pylori (H. pylori)
infection and its resulting inflammation disrupt the
mucosal barrier and thus pose a risk for gastric
[6]
cancer development . Despite the importance
of an intact barrier in the stomach, little is known
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about the physiology or function of tight junctions in
gastric epithelial cells. Our focus in this article is to
review current and past work on tight junctions in
the stomach and to postulate on their role in disease
pathogenesis and cancer development during H. pylori
infection.

ORGANIZATION OF HUMAN AND
MOUSE STOMACH AND GASTRIC
GLANDS
The human stomach is organized into four functional
regions: (1) the cardia is localized as a ring of cells at
the junction of the esophagus and stomach; (2) the
fundus and (3) body (corpus) make-up the bulk of
the stomach; and (4) the pylorus, consisting of the
pyloric antrum and pyloric canal, is the most distal
region located proximal to the duodenum (Figure 1).
The mouse stomach has body and pylorus regions but
additionally has an extensive forestomach consisting
of squamous epithelial cells (Figure 1). Gastric glands
in both the human and mouse stomach are present
in all regions but differ in both cellular composition
and in function; cardia and pylorus regions consist
mostly of surface and gland mucous cells (not shown),
whereas those in the fundus and body consist of
surface epithelial cells facing the lumen, gastric pits,
which contain mucous-secreting pit cells, and long
glands that are further divided into the isthmus,
neck, and base containing neck cells, parietal cells,
and zymogenic (chief) cells respectively (Figure 2A).
Numerous stem cells, committed progenitor cells,
and endocrine cells also populate gastric glands in the
fundus and body (Figure 2A). Although rarely denoted
in schematic diagrams, the specialized epithelial cells
in each region possess apical junctional complexes
(Figure 2B-D) that consist of occluding and adherens
junctions and desmosomes. While adherens junctions
and desmosomes primarily function to regulate cellto-cell adhesion and cell signaling, tight junctions
regulate epithelial barrier function and paracellular
permeability.

TIGHT JUNCTIONS AND THE MUCOSAL
BARRIER IN STOMACH
Tight junctions: General overview

Tight junctions are multi-protein complexes composed of
numerous transmembrane and cytoplasmic components
that form a continuous structure around the lateral
portion of epithelial cells near the luminal surface
(Figure 3). By freeze-fracture microscopy analysis of
the lateral cell membrane, the tight junction appears
as linear rows of straight or anastomosing strands on
the P-face (inner surface of the inner lipid monolayer),
which likely represent integral membrane proteins of
the tight junction, with corresponding grooves on the
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Figure 1 Gross anatomical characteristics of the human and mouse stomach.
[7]

E-face (inner surface of the outer lipid monolayer) .
The cell-specific strand number and network
complexity may be important factors in regulating
[7]
barrier properties . The outer leaflet of the plasma
membrane from adjacent cells additionally have
kissing points, which are areas of the membrane
that have virtually no intercellular space but rather
contain regulated aqueous pores that are thought to
[5,7,8]
function as passive ion channels
. Transmembrane
proteins at the tight junction, including occludin and
claudins, are associated with tight junction strands.
Other transmembrane proteins found at tight junctions
[9]
include tricellulin, marvelD3 and JAM proteins .
Transmembrane proteins are stabilized at tight
junctions by peripheral scaffolding proteins such as
zonula occludens (ZO)-1, -2, and -3, cingulin, afadin,
membrane-associated guanylate kinase with inverted
orientation-1 (MAG proteins) and multi-PDZ domain
protein 1 (MUPP-1), which are linked to the actin
cytoskeleton and to microtubules through numerous
linker proteins like non-muscle myosins and cingulin;
and a spectrum of associated signaling effectors are
found in this macromolecular complex, like Rho, Rac,
[9]
and cdc42 . For a comprehensive description of TJ
[9]
components, see recent reviews by Van Itallie et al
[10]
and Günzel et al .

regulated by the expression of claudin molecules;
(2) carries most of the electrical current for a
given epithelium (reflected in the measurement
of transepithelial (electrical) resistance, TER);
and (3) regulates the magnitude of permeability
and charge selectivity as determinants of tissue[11]
specific physiological transport properties . The
second pathway, or “leak” pathway, allows the
flux of molecules larger than 4 Ǻ across the tight
junction with no charge selectivity that may be due
to small temporary breaks in otherwise continuous
[11]
tight junction strands . This pathway is controlled
by cytoskeletal dynamics or factors that affect
[11]
cell homeostasis . Reports that describe barrier
dysfunction in H. pylori infection suggest that both
pathways are affected; H. pylori infection (1) decreases
TER and increases permeability, thus affecting the
pore pathway including the expression of claudin
molecules, claudin composition at tight junctions, and
the magnitude of paracellular flux; (2) causes small
breaks in tight junction strands and thus increases
the flux of sucrose (5.2 Ǻ) and other molecules during
infection; and (3) injures gastric epithelial cells, which
not only disrupts tight junctions but lateral membrane
adherence, in general. The details of each will be
discussed below.

Tight junctions: Regulation of paracellular permeability

Tight junctions: Molecular architecture in gastric
epithelial cells

Two distinct pathways are involved in the regulation
of paracellular permeability at tight junctions. The
first pathway is the “pore” pathway, which allows the
movement of small molecules, ions, and nutrients
through the tight junction along with water. The pore
pathway (1) allows charged or uncharged molecules
less than approximately 4 angstroms (Ǻ) to cross
the tight junction with charge discrimination that is
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Tight junction structure specific to various parts of the
stomach or specific to individual epithelial cell types in
the stomach have not been well-characterized. Claude
[12]
and Goodenough
originally classified the mouse
stomach as “very tight” because tight junctions had
the same number of strands (range, 5-14 strands)
described in the urinary bladder, which had a high
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Figure 2 Histological structure of a gastric unit. A: Diagrammatic representation of the organization of a gastric unit (also called a gastric gland), which contains
a pit, isthmus, neck, and base. The location-specific cell types are identified in each region. Reproduced with permission from Karam SM[109]; B: Pit region cells (PtC)
have apical junctional complexes (AJC) that are near the gastric lumen (L). Inset from the box in B: contains a tight junction (arrows) and an adherens junction (AJ).
The desmosome is out of plane in this image. Bar in B is 5 mm and in the inset is 500 nm; C: Neck region cells, consisting mainly of parietal cells (PC) and neck cells (NC)
also have AJC near the lumen of the gastric gland (L). Secretory canaliculi (SC) and mitochondria (M) are prominent in parietal cells. Inset from the box in C: contains
a tight junction (arrows) and other parts of the apical junctional complex that are out of plane. Bar in C is 5 mm and in the inset is 500 nm; D: Base region cells consist
mostly of zymogenic cells (ZCs) and a few PCs that also have AJC. Note that similar to the diagram in A, the apical cell cytoplasm of the zymogenic cells extends as
a triangular wedge into the gland lumen (L) and apical junctional complexes are found at the lateral membranes where cells meet. Inset from the box in D: contains an
apical junctional complex consisting of the tight junction (arrows), AJ, and desmome (D). Bar in D is 5 mm and in the inset is 500 nm.
2

TER of 1000-2000 Ohm∙cm . Structural differences
were then described in tight junction strands in
[13]
various parts of the gastric unit , suggesting that the
tightness and transport properties of tight junctions
are different at the surface and in gastric glands. As an
example, tight junctions in surface epithelial cells are
composed of 5 to 6 strands that are woven together
into a deep, honeycomb-type structure whereas the
same number of strands in cells from gastric glands
(both parietal and chief cells) are organized in a
[13]
shallow, regular, linear configuration . Of particular
note, however, was the difference in permeability in
3+
the two regions. When lanthanum (La ) was instilled
into the gastric lumen during fixation, this small (4.2
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Ǻ) electron-dense molecule was unable to cross tight
junctions and was thus excluded from the basolateral
intercellular space between adjoining surface epithelial
[13]
3+
cells . In contrast, La was frequently found within
the basolateral membrane space in gastric glands,
[13]
particularly surrounding parietal cells . Another novel
finding specific to stomach were structures resembling
tight junctions along the basolateral membrane of
[12]
epithelial cells by freeze fracture microscopy ; the
structures described were discontinuous and were
proposed to be unrelated to the regulation of epithelial
[12]
permeability . Overall, these interesting findings
suggests that epithelial cells in gastric glands, compared
to surface epithelial cells, are particularly permeable to
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small ions due to the composition and organization of
tight junction strands, and that novel, tight junctionlike structures may also be a feature of the basolateral
membrane of gastric epithelial cells.
Gastric epithelial cells contain transmembrane
[14-19]
proteins, like occludin, JAM-A, and claudins
, and
[17]
peripheral scaffolding proteins, like ZO-1
(Figure 3).
In the human stomach, immunostaining for occludin
appeared to localize at the tight junction and along
[16]
the basolateral membrane , but because there was
no accompanying control to evaluate non-specific
staining it is not clear if this result truly reflects the
localization of occludin in vivo. Tricellulin has been
localized to tricellular contacts within tight junctions in
[16,20]
epithelial cells of human stomach
. There was also
considerable lateral membrane staining for tricellulin;
however, without controls for non-specific background
it is not clear whether the lateral membrane staining
is specific.
Little is known about the differential expression
of claudin proteins in tight junctions of normal
gastric epithelial cells. Because claudins localize
to tight junction strands and because the strand
configuration is different in surface cells compared
to the cells in gastric glands, it may be important
to determine the claudin footprint of each celltype or area to better understand the details of
permselectivity in the stomach.

Claudins and selective permeability or “permselectivity”

Although the “tightness” or “leakiness” of tight
junctions was originally proposed to be determined by
[7,12]
the number and depth of tight junction strands
,
knowledge about the presence of tight junction
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claudins currently dominates our thinking about
the regulation of tight junction permeability and
permselectivity. Although occludin is expressed in
stomach epithelial cells and is membrane-spanning
at tight junctions, this protein is not involved in
the regulation of paracellular permeability in the
[15]
stomach . In contrast, claudin proteins are expressed
in the stomach and are likely to determine epithelial
permeability and permselectivity.
In mammals, the claudin family of proteins
currently consists of 27 different tetraspanning
proteins that are normally expressed in a tissue
[10,21]
dependent fashion
. Claudins associate with a
host of other cytoplasmic and extracellular proteins,
and play roles in the regulation of tight junction
permeability, cell signaling, cell cycle regulation, the
[10]
maintenance of cell polarity, and vesicle trafficking .
The crystal structure of mammalian claudin 15
was recently determined, revealing four underlying
transmembrane helices which anchor a unique
extracellular beta-sheet fold made from the first and
[8,22]
second extracellular loops
. These extracellular
loops contain 5 beta strands which, when aligned
properly into 2 continuous antiparallel rows, have
been proposed to form “half-pore” structures, each
containing two variable regions which, when aligned
[8]
with adjacent cells, form complete TJ pores . The
[8]
model, which was described by Suzuki et al ,
suggests that the charges possessed by two intrapore variable regions in each claudin dimer determine
the selective permeability characteristics. Just as the
specific claudin populations expressed in different
epithelial cell types are thought to determine tissue
specific solute permeability, altered claudin expression
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has been linked to a number of pathologic conditions
including gastric cancer (discussed below).

Claudin expression in the stomach-an overview

Human stomach: By genetic analysis using the serial
analysis of gene expression (SAGE) database followed
by RT-PCR techniques, the expression of claudins 1-5,
7-12, 16 and 18 have been demonstrated in normal
human stomach (Table 1). Bioinformatics approaches
combined with genome-wide analyses also identified
claudins 21-23 in the human stomach (Table 1).
Immunostaining analysis in human stomach demon
strated the expression of claudin 1, 3-5, 7, 10, 14,
and 18 (Table 1). Claudin 1 expression was high in
epithelial cells from both corpus and antrum, whereas
the expression of claudins 3, 4, and 5 was stronger
in corpus compared to antrum (Table 1). In other
work, immunostaining analysis of human tissues
concluded that weak to no claudin 3 or 4 expression
was present in the normal gastric mucosa (Table 1).
Normal stomach tissues adjacent to gastric tumors
demonstrated claudin 1 expression in about 50%
of tissues, claudin 3 expression in about 24% of
[23,24]
tissues, and claudin 4 expression in about 15%
[17,25,26]
to as high as 40%-50% of tissues
. Similarly,
claudins 2, 6, and 11 were expressed in 68%, 79%
[27]
and 46% of tissues, respectively . These results
suggest that the differing results in studies from
human patient gastric samples might be explained,
at least in part, by the source and/or location of
“normal” tissues used in for immunostaining. As for
location and cell specificity in human studies, claudin
1 was found to be strongly expressed in gastric surface
epithelial cells and chief cells whereas it was weakly
expressed in parietal cells (Table 1). Other than the
localization of claudin 18 (below), the localization of
other claudins to specific epithelial cell types in the
corpus or antrum is unknown (Table 1).
Canine stomach: A recent immunohistochemical
analysis of claudin expression in the normal canine
stomach revealed a robust basolateral membrane
localization of claudin 18 in all fundic epithelial
[28]
cells . In the pylorus, all glandular cells expressed
claudin 18, while only basally located glandular
[28]
cells expressed claudin 2 . Surface, mucous neck,
parietal, chief, and endocrine cells of the fundus, as
well as surface and glandular cells in the pylorus were
[28]
negative for claudins 1, 3-8 and 10 .
Rat stomach: Immunohistochemical analysis of
claudins 2, 3, 4, and 5 expression in Sprague Dawley
rats showed that there was no difference in the
expression level or cellular localization of these specific
claudin in any region of the stomach; claudin 3 was
most highly expressed at the basolateral membrane of
surface epithelial cells, without enrichment at the
[29]
tight junction . Similarly, claudin 5 was localized
to the basolateral membrane of all cells comprising
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[29]

the gastric glands . The only tight junction protein
identified to localize at the tight junction per se,
with no basolateral expression, was claudin 4, which
also showed higher expression in proximal gastric
[29]
glands . Claudin 2 expression was not detected in
[29]
any part of the stomach .
Mouse stomach: By quantitative RT-PCR, claudins
1, 3, 4, 6, 7, 10, 12, 15, 17, 18, 23, and 25 are
[14]
expressed in the stomach of neonatal C57BL/6 mice .
By immunostaining, claudins 1, 3, 5, and 18 are
expressed in the glandular stomach while claudins 6
[30]
and 11 are confined to the squamous fore-stomach .
Claudins 1 and 3 are localized to the basolateral
membrane of epithelial cells in the glandular stomach
whereas claudins 5 and 18 are basolateral but appear
[30]
to be enriched at tight junctions . In the stomach
from adult C57BL/6 mice, low levels of all claudin
-family members were present, as determined by
[14,31]
quantitative RT-PCR analysis
, but claudin 18 was
expressed at a level considerably higher than all other
[14]
claudin-family members . Immunostaining studies
in adult mouse stomach consistently showed that
claudin 2 expression was negative in corpus epithelial
[32]
cells but present at the base of antral glands ,
[28]
similar to the canine stomach .

Claudin 18 expression in gastric epithelial cells

Claudin 18 is likely to be the most important barrierforming claudin family member in the stomach
because its expression is 30-fold or more greater than
[14]
all other claudins, at least in mouse stomach . In
general, claudin 18 has four differentially expressed
isoforms; claudin 18A1.1 and A1.2 are expressed
almost exclusively in lung and claudin 18A2.1 and
18A2.2 are expressed almost exclusively in the
stomach, with claudin 18A1.1 highly expressed and
[33]
claudin 18A.2 barely present . Additionally, claudin
18A2.1 localizes to the basolateral membrane of
gastric epithelial cells rather than being concentrated
[14,33,34]
solely at tight junctions
. When transfected
into Madin-Darby canine kidney epithelial (MDCK)
cells, claudin-18 raised electrical resistance and
significantly reduced the paracellular permeability to
+
+[35]
cations, specifically Na and H
, suggesting that
claudin-18 functions as a strong cation exclusion
pore at tight junctions. Knockout mice (C57BL/6)
deficient in C18A2.1 confirmed the importance of this
claudin in stomach, given the knockout mice displayed
+
an increase in paracellular H leakage as well as
transepithelial conductance. Additionally, inflammation
was present and the mice rapidly developed atrophic
+
gastritis due, in part, to H back-diffusion and mucosal
[14]
injury . In human studies (Table 1), the attenuation
of claudin 18 expression in the gastric mucosa was
prominent in early GC development, and predicted an
[34,36-38]
unfavorable outcome after cancer diagnosis
.
Although these studies suggest that a loss of gastric
epithelial claudin 18 leads to the stepwise development
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Table 1 Claudin expression in the normal human stomach and changes that occur in gastric cancer

Cldn 1

Cldn 2

Cldn 3

Cldn 4

Location

Detection method

Expression
(normal stomach)

Patient outcome

Changes in GC

Unspecified
region
Unspecified
region
Corpus,
antrum
Antrum

SAGE database and RT-PCR[110]

Present

Not evaluated

Present, no change in GC

cDNA oligonucleotide
microarray analysis[67]
Immunostaining[69]

Present

One of the most highly up-regulated
genes
Some GC with strong expression and
some with no expression
No change in expression in GC

Unspecified
region
Unspecified
region

Immunostaining[68,70]

Strong expression in
epithelial cells
Strong expression in
epithelial cells
Not evaluated

Up-regulation results in
extremely poor outcome
No association with patient
outcome
No association with patient
outcome
Not evaluated

Immunostaining[25]

Tumor margin

Not evaluated

Highly expressed in GC; most highly
expressed at invasive front
55.4% of cells are positive at the tumor
margin
Reduced expression in GC

Corpus

Immunostaining[73]

Surface and chief
cells ++++; parietal
cells +

Not evaluated

Basolateral localization

qRT-PCR[111]

Weak expression

Not evaluated

Expression in GC is dependent on the
expression of RUNX3
No change in GC

cDNA oligonucleotide
microarray analysis[67]
Immunostaining[68,83]

Present

Not evaluated

Highly up-regulated in GC

Not evaluated

Not evaluated

Highly expressed in GC

SAGE database and RT-PCR[110]

Present

Not evaluated

Up-regulated in GC

Immunostaining[112]

Not evaluated

Not evaluated

Immunostaining[25,36,68,113-116]

Low to no expression
in stomach

Up-regulation has no effect
on survival

Higher expression in low grade
compared to high-grade malignancy
Highly expressed in the majority of GC’s

Unspecified
region
Unspecified
region
Unspecified
region
Unspecified
region
Unspecified
region
Unspecified
region

Immunostaining[74]

Corpus,
antrum

Immunostaining[69]

Antrum

Immunostaining[74]

Unspecified
region
Unspecified
region
Unspecified
region

SAGE database and RTPCR[17,110]
Immunostaining[112]
Immunostaining[17,23-26,68,113-117]

Up-regulation associated
Increase in expression occurs in
with a significantly higher
metaplasia
incidence of synchronous and
metachronous multiple GC
and gastric adenomas[114]
Corpus, strong
Strong expression results in
Some GC with strong expression and
expression; Antrum,
better outcome.
some with no expression
weaker expression
No expression
No association with patient Most GC weak to moderate expression
outcome
Present
Not evaluated
Highly up-regulated in GC
Not evaluated

Not evaluated

Low to no expression
in stomach

No association with patient
outcome.

Higher expression in low grade
compared to high-grade malignancy
Highly expressed in GC
Localized to the basolateral membrane
Prominent in intestinal-type GC

Unspecified
region

Immunostaining[126]

Corpus,
antrum

Immunostaining[69]

Antrum

Immunostaining[74]

Low to no expression High expression is associated Highly expressed from stages intestinal
in stomach
with favorable prognosis
metaplasia to GC
and longer survival; low
Localized to the basolateral membrane
expression is associated with
poor survival
Corpus, strong
No association with patient
Strong expression associated with
expression; Antrum,
outcome
metaplasia
weak expression
Some GC with strong expression and
some with no expression
No expression

High expression associated
with poor outcome

Intestinal metaplasia highly expressed
90% of GC have weak to strong
expression
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Cldn 5

Cldn 7

Cldns
8-12
Cldn 10
Cldn 11

Cldn 14

Cldn 16
Cldn 17
Cldn 18

Cldns
21, 22,
23, 24
Cldn 23

Unspecified
region
Corpus,
antrum

SAGE database and RT-PCR[110]

Present

Not evaluated

Present, no change in GC

Immunostaining[69]

No association with patient
outcome.

Some GC with strong expression and
some with weak expression.

Unspecified
region
Unspecified
region
Unspecified
region
Unspecified
region
Unspecified
region
Unspecified
region

SAGE database and RT-PCR[110]

Corpus, strong
expression; Antrum
weak expression.
Present

Not evaluated

Highly up-regulated in GC

Present

Not evaluated

Highly up-regulated in GC

Up-regulation correlated with
poor survival
Not evaluated

Highly up-regulated in GC

SAGE database and RT-PCR[110]

Not present in
stomach
Present

Immunostaining[118]

Highly expressed

Not evaluated

Significantly reduced in GC

RT-PCR methylation
analysis[119]

Not evaluated

Not evaluated

Immunostaining[118]

Little to no
expression

Not evaluated

Highly methylated in gastric cancer,
which is correlated to attenuated
expression.
Highly expressed in GC

Unspecified
region

cDNA oligonucleotide
microarray analysis[67]
Immunostaining[36]

Present, no change in GC

Unspecified
region
Unspecified
region
Unspecified
region

SAGE database and RT-PCR

No expression

Not evaluated

Localization to the basolateral
membrane
No expression in GC

Immunostaining[118]

Highly expressed

Not evaluated

Significantly reduced in GC

SAGE database and/or RTPCR[110,34,36]

Not evaluated

Down-regulation correlated
with poor survival

Unspecified
region

RT-PCR[34,120]

Not evaluated

Corpus or
antrum

Immunostaining[34,37,113]

Database
search

Bioinformatics[121]

Surface, ++++
Pit, +
Parietal/Neck, +++
Zymogenic, +++
Not evaluated

Unspecified
region

Genome-wide analysis[122]

Not evaluated

Identified as a highly expressed gene
that is significantly down-regulated in
GC
Not evaluated
Cldn18A1 is not expressed in stomach or
in GC whereas Cldn18A2 is expressed in
stomach and in some GC’s
Down-regulation correlated
Basolateral localization.
with poor survival
Attenuation is an early event, which
occurs in the metaplastic mucosa
Not evaluated
Identified genes for Cldns 21-24

Not evaluated

Cldn-23 down-regulated in 78.9% of GC
with an intestinal phenotype

++++, very highly expressed; +, weak expression. Cldn: Claudin; GC: Gastric cancer.

of chronic inflammation and gastric cancer, it has
not been shown that the expression of claudin 18 is
affected by H. pylori infection nor has it been shown
that the attenuation of claudin 18 results in cancer
development. Thus, direct cause-and-effect evidence
is lacking. Additionally, it is possible that other claudins
with similar cation-exclusion function might be
upregulated to compensate for the lack of claudin 18
expression in GC development.

HELICOBACTER PYLORI: DISEASE
PARAMETERS THAT AFFECT BARRIER
DYSFUNCTION - OVERVIEW
H. pylori is a highly adapted, spiral shaped, gram
negative bacteria that colonizes the human stomach,
with animal-adapted cultivars that infect the nonhuman primate, cat, mouse, guinea pig, gerbil, and
[39]
rat stomach . The bacterium is catalase and oxidase
positive, microaerophilic, and possesses 3 to 5 polar
[40]
sheathed flagella that are used for motility . H.

WJG|www.wjgnet.com

pylori also possess urea transporters that are utilized
during acid exposure, in conjunction with urease,
[41,42]
to neutralize pH, and support colonization
.
Both H. pylori and ammonia have been identified as
important factors that regulate barrier dysfunction
in H. pylori infection, the details of which can be
found in the section on cultured cells, below. H. pylori
are also associated with a specific set of virulence
factors, including VacA and the cytotoxin-associated
gene pathogenicity island (Cag PAI), which codes
for a type 4 secretion system that delivers CagA into
the cytoplasm of epithelial cells. Both VacA and
CagA are considered important H. pylori virulence
factors that regulate disease pathogenesis and
barrier dysfunction. The role of VacA and CagA
on H. pylori-induced barrier dysfunction is also
discussed in detail below in the section on cultured
cells. Lipopolysaccharide (LPS) from H. pylori is also
[43]
considered toxic to gastric epithelial cells . While H.
pylori LPS is considered less potent than the LPS from
[43]
other bacteria, like E. coli , it decreases the TER and
increases the permeability of cultured primary gastric
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[44]

epithelial cells . Interestingly, this effect is greater
[44]
from the basolateral compared to apical surface
suggesting that LPS may be most effective at
damaging the mucosal barrier if it is able to permeate
the mucosa and gain access to the basolateral surface
of gastric cells.
H. pylori is categorized as a type 1 carcinogen
by the World Health Organization and International
[45]
Agency for Research on Cancer , and is responsible
for a large percentage of gastric cancer, which is the
fifth most common cancer and the third most common
[46,47]
cause of cancer-related deaths worldwide
. Without
therapeutic intervention, H. pylori infection leads to
a persistent, life-long infection. H. pylori infection
of the gastric corpus is associated with intestinaltype gastric adenocarcinoma and initiates a welldefined pathological process, referred to as the
“Correa Cascade”, which is characterized by chronic
superficial gastritis followed by atrophic gastritis and
intestinal metaplasia, which progresses to dysplasia
[48,49]
and adenocarcinoma
. Although eradication of H.
pylori appears to be the most feasible approach to
reducing GC rates, previous studies were recently
[50]
reviewed by Lu et al
and suggest otherwise.
Furthermore, eradication of H. pylori after endoscopic
resection of tumors does not reduce the development
[51]
of metachronous gastric carcinoma , suggesting
that either H. pylori- or inflammation-induced genetic
and epigenetic changes in gastric epithelial cells,
microsattelite instability, or other permanent changes
occur in the stomach that cannot be reversed by
bacterial eradication. Changes in the expression of
tight junction components may be part of this global
pattern of gene expression changes that impact cancer
pathogenesis.

DISRUPTION OF TIGHT JUNCTIONS IN H.
PYLORI INFECTION
Early studies using electron microscopy and
human biopsy samples from patients infected with
Campylobactyer pylori, the organism later renamed
H. pylori, demonstrated that C. pylori colonize the
gastric mucosa and are highly concentrated along the
luminal surface of surface mucous cells proximal to
[52]
tight junctions . They also migrate between epithelial
[53]
cells . The bacteria target surface epithelial cells that
express Limax flavus agglutinin, which is a lectin that
is specific for sialic acid-rich glycoproteins, and adhere
to the surface by making intimate contacts that result
in the depletion of microvilli and alterations in the
cell including dissolution of apical secretory granules
[52]
and rounding of the apical cell surface . C. pylori
were also found to penetrate the apical junctional
[53]
[54]
complex . Later Necchi et al , using tissues from
H. pylori infected patients, confirmed these initial
findings and extended them to show that junctional
penetration occurs in both antrum and corpus, and
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demonstrated that although most of the tight junctions
were intact, there were some cells with detached
+
+
junctional complexes that contained CagA VacA H.
pylori traversing the intercellular space and residing
[55]
near the base of cells. Noach et al
described that
the majority of H. pylori were scattered in the mucous
layer or positioned at the aforementioned tight junction
location without cell contact but some bacteria formed
adhesion pedestals at the bacterial and cell interface
and were seen entering cells, which occurred next to
[56]
tight junctions. Further work, reviewed by Fox et al ,
described that most of the bacteria in the infected
stomach exist in a non-adherent configuration in the
extracellular mucous environment. By freeze fracture
microscopy, uninfected antral epithelial cells had a thin
tight junction area consisting of about four strands
that formed interconnecting ridges whereas the tight
junction region from H. pylori-infected patients was
significantly deeper with irregular, knobby, and locally
[55]
fragmented strands . Tannic acid, which was used to
evaluate live and dead cells in tissues from H. pyloriinfected patients, demonstrated that many of the cells
from infected vs control patients were tannic acidpositive, but additionally, the number of tannic acidcontaining cells was associated with the inflammatory
[57]
score of the specimen . Sucrose permeability and
the permeability of food antigens increased in patients
[58-60]
with H. pylori infection
, supporting the notion
that barrier dysfunction accompanies defects in tight
junction structure during infection. Animal models also
support this idea; C57BL/6 mice infected with H. pylori
Sidney strain 1 (SS1) showed a 30-fold increase in
lanthanium (4.2 Ǻ) permeability across tight junctions
[61]
into the intercellular space in vivo , and an increase
in sucrose (4.6 Ǻ) excretion, in vivo, was also found
[62]
in infected mice . In the later study, permeability
defects occurred only transiently, at about 12 wk postinfection, whereas permeability before 12 wk and up
to 100 d post-infection was not significantly different
[62]
from control mice . The reason for this result is
unknown. In H. felis-infected C57BL/6 mice, Ussing
chamber experiments were used to demonstrate that
[63]
infected mice also increased antral HRP flux (30 Ǻ) .
Overall, these results suggest that both tight junction
pore and leak pathways are affected during H. pylori
infection, resulting in an increase in small molecule
permeation across tight junctions and an increase in
the permeation of larger molecules that may be due
to small temporary breaks in tight junction strands.
Alternatively the leak pathway alone may be activated
by defects in cytoskeletal dynamics, particularly
MLCK activity, consistent with the results obtained in
[64]
cultured cells by Wroblewski et al . Interestingly,
HRP flux across tight junctions by electron microscopy
[61]
correlated with transitional zone neutrophilic gastritis
and eradication of H. felis infection in C57BL/6 mice
returned the HRP permeability defect to normal if
[63]
inflammation concomitantly decreased . These results
suggest that inflammation may be the most important
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component of tight junction and permeability defects
in H. pylori infection.

Inflammation and gastric tight junction dysfunction

Few studies have been done to address the role of
inflammatory cytokines on tight junction dysfunction in
the stomach or in model gastric epithelial cells. Gastric
HGE-20 cells were initially used to show that IL-1
receptor phosphorylation by interleukin (IL)-1β occurs
after exposure to H. pylori, resulting in the reduction of
claudin 4 expression that seems to be internalized into
[65]
the cell cytoplasm . This work was not accompanied,
however, by TER or permeability studies, so it is
unclear whether or not exposure to IL-1β results in
barrier dysfunction or just targets specific claudins
for degredation. It is also unclear how IL-1 receptor
phosphorylation occurred after exposure to H. pylori in
cultured cells because immune cells were not present
in the assay; whether some aspect of infectionmediated signaling activated the receptor pathway
or if the cells secreted IL-1β, which self-activated the
receptor. To address this issue using NCI-N87 cells,
[66]
Fiorentino et al
showed that exposure to H. pylori
reduced TER and increased paracellular permeability
over time without a reduction in cell viability but with
a concomitant increase in cytokine production by
epithelial cells, including IL-8, IL-6, interferon (IFN)-γ,
IL-1β, tumor necrosis factor (TNF)-α, and IL-10, which
increased with either live or heat-killed bacteria. On
the other hand, barrier dysfunction was accompanied
by the reorganization of ZO-1 and claudin 1 proteins,
[66]
but required live bacteria . Thus, a cause and effect
relationship between cytokine production and barrier
defects in NCI-N87 cells was not fully established
nor was the role of any particular cytokine further
investigated to determine which would be involved
in barrier dysfunction. These preliminary studies, in
addition to the seminal studies on permeability in
human and animal models, provide justification for
further studies examining the role of pro-inflammatory
cytokines in modulating tight junction dysfunction
during infection. It would be very interesting to
determine, in particular, if inflammation modulates
the expression of claudin molecules that are normally
responsible for maintaining the gastric mucosal barrier.

Claudin protein expression in H. pylori infection-mediated GC

There has been considerable work done to catalog
the changes in claudin expression in human gastric
cancer caused by H. pylori infection (Table 1). These
results, however, are difficult to interpret because the
results from different groups, who are evaluating the
expression of the same claudin, may be completely
opposite, making it difficult to elucidate the role of
claudins in cancer pathogenesis. As an example,
Claudin 1 expression (Table 1) was found to be
significantly lower in GC tissue vs adjacent tissues with
[25]
no correlation to histological grade in one study ,
but in another study it was highly expressed in GC,
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as one of the most differentially upregulated genes
[67]
in gastric tumors vs control tissues . Similarly, in
one study (Table 1) claudin 1 expression was more
prominent overall in diffuse compared to intestinal
[68]
GC
but in another study showed less expression in
[69]
diffuse vs intestinal-type GC . Claudin 1 expression
was reported to be highest at the invasive front of
GC, being highest in well-to-moderately differentiated
carcinomas and lowest in poorly-differentiated
[70]
carcinomas . These studies were consistent with
some cell culture experiments (Table 1), which
demonstrated that over-expression of claudin 1
increased the migration and invasion of cultured
[71,72]
gastric cells
, but in contrast to others (Table 1),
which demonstrated that the attenuation of claudin 1
[73]
increased migration and invasion . The later study
went-on to conclude that normally high expression
[73]
levels of claudin 1 function as a tumor suppressor .
In some studies (Table 1), the expression of claudin 1
[69,74]
was not associated with patient outcome
, whereas
in another report it was highly correlated to patient
outcome, with cumulative survival rates of 0% at about
12 postoperative months for patients with high claudin
1 expression vs about 50% survival at 50 mo for
[67]
patients with low claudin 1 expression . Each study
included a significant number of patients, had control
staining to verify the antibody, but found significantly
different results. For patient studies to be meaningful,
it appears that there must be guidelines adopted for
study design to avoid conflicting results. What seems
to be consistent between studies is that claudins 2, 3,
4, and 7 are highly upregulated, whereas claudin 18
is down-regulated in gastric cancer (Table 1). Recent
studies have also evaluated less well-known claudins,
such as claudins 10, 11, 14, 17, and 23 and found that
claudins 10, 11, 17, and 23 were down-regulated and
claudin 14 was highly up-regulated in patients with
gastric cancer (Table 1). For a comprehensive review
of claudin expression in gastric carcinogenesis, see
[75]
Iravani et al .
Claudin expression changes in GC, including the
attenuation of claudins 11 and 18, which normally
[11]
produce a tight barrier , and an increase in claudin
2, which would significantly increases the paracellular
[11]
cation leak , suggest that the paracellular barrier
would be leaky in GC tissues, particularly to cations
+
+
like Na and H . This may be particularly detrimental
in the stomach, which normally functions to limit
+
H back-diffusion from the lumen but furthermore,
+
must maintain an effective luminal to basolateral Na
gradient so that ion transport functions can occur for
+
pH regulation and for H and bicarbonate secretion.
It is possible that the upregulation of claudins 3, 4, 7,
[11]
and 14, which function to tighten the barrier , and
in particular claudin 14, which forms a strong cation
[5]
exclusion channel , may increase as a means to
compensate for the attenuation of claudin 18; in an
attempt to regain barrier function and permselectivity
in the absence of claudin 18. Claudins are also
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known to have other functions in addition to acting
at tight junctions to regulate permeability. Claudin
7, which is highly upregulated in GC progression
in both humans (Table 1) and in Helicobacter felisinfected insulin-gastrin (INS-GAS) transgenic mice
[76]
(FVB/N background) , may function in a protective
manner to regulate ion transport and regain NaCl
[77]
homeostasis as described for intestine , or it may
drive tumorgenesis by binding to epithelial cell
adhesion molecule (EpCAM) and regulating cancer
[78,79]
pathogenesis
. Further studies would be required
to resolve these two interesting possibilities.

STUDYING H. PYLORI-INDUCED TIGHT
JUNCTION DYSFUNCTION IN CULTURED
GASTRIC AND OTHER CELLS
One challenge in studying gastric barrier function in
reductionist models is the lack of gastric-specific cell
lines that form a confluent monolayer with a robust
luminal to serosal permeability barrier. Most of the cell
lines available for studying the gastric mucosal barrier
lack or do not have a completely profiled inventory of
TJ components, do not grow in monolayers, and do
not express claudin 18 (Table 2). The human NCI-N87
gastric cancer cell line is one exception, in that it forms
a confluent cell monolayer, expresses claudin 18 (Table
2), and has a transepithelial resistance (TER) of about
2[66]
1000 Ohm cm
compared to MKN28 cells, which can
be induced to form a confluent monolayer but without
[64]
a significant TER . Clones isolated from NCI-N87
cells, in particular the HGE-20 clone (Table 2), grow
in a confluent monolayer that is polarized, have apical
junctional complexes that express ZO-1, express some
markers of prezymogenic cells, and have a TER of
2[80,81]
about 200 Ohm cm
. Gastric adenocarcinoma AGS
cells form a confluent monolayer that express ZO-1
and numerous claudins (Table 2), but lack the ability
to form functional TJs when grown in monolayers.
Because of these important challenges, AGS cells are
often used in conjunction with other cells lines for
[62,66,82-84]
studies concerning gastric barrier function
.
Limited by the lack of appropriate gastric cell lines,
most studies have used intestinal, colonic, or kidney
[66]
[84,85]
cell lines, including SCBN cells , MDCK cells
,
[86]
[58,87]
T-84 , or Caco-2
cells to unravel mechanisms
related to the role of H. pylori in barrier dysfunction.
[88]
Gastric organoids from human biopsy samples
and
[89,90]
primary human cultured cells from biopsy samples
are also viable options; they each form a monolayer
of native gastric epithelial cells and have been shown
to express occludin or ZO-1 at cell junctions. However,
the compliment of other tight junction components
including claudins has not been determined.
CagA: Disruption of the tight junction complex with
CagA was first studied in MDCK cells, which clearly
demonstrated TJ disruption including relocation of
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[82]

ZO-1 and JAM-A to bacterial adherence sites ,
and the mislocalization of ZO-1 to the basolateral
[91]
+
membrane . AGS cells that were incubated with Cag
H. pylori had severely damaged tight junctions and
the presence of CagA resulted in cell scattering and
a migratory phenotype consistent with the results in
[89,92]
MDCK cells
. The same occurred in primary human
[89]
cells that were cultured from antral mucosa . In AGS
+
cells, treatment with CagA H. pylori also upregulated
caudal type homeobox 2 (CDX2) and claudin 2
expression so it was concluded that CagA disrupts
[92]
tight junctions by targeting claudin 2 . This is an
interesting premise, however, because claudin 2 forms
[5]
aqueous pores that are permeable to small cations
but does not cause tight junctions to form wide gaps
and otherwise disassociate. CagA from H. pylori also
localized with ZO-1 at tight junctions in T84 cells and
[93]
over time, resulted in the enrichment of claudin 4 ,
suggesting that the transcriptional regulation of both
claudin 2 and claudin 4 in H. pyori infection is via CagA.
Work done jointly with MDCK and AGS cells were used
to demonstrate that CagA specifically targets polarityregulating kinase partitioning-defective 1b (Par1b)/
MAP/microtubule affinity-regulated kinase 2 (MARK2)
[94,95]
[95]
to disrupt apical tight junctions
, reduce TER ,
[95]
and cause ZO-1 to disassemble from junctions . It is
+
interesting, however, that CagA H. pylori did not affect
[87]
tight junctions in Caco-2 intestinal cells or in HGE-20
[64,65]
or MKN28 cultured human gastric epithelial cells
, in
[54,65]
the human stomach, in vivo
or in mouse models of
[96,97]
H. pylori infection in vivo
. To address the apparent
differences in vivo, interesting experiments done
recently in Drosophila identified numerous genetic
[98]
modifiers of Cag-A induced epithelial disruption .
From a total of 10 genes whose expression significantly
attenuates the effects of CagA were Lasp and chitinase
[98]
1 , both of which are highly expressed in gastric
epithelial cells. Lasp-1 is highly expressed in parietal
[99,100]
cells as a component of the actin cytoskeleton
[101]
and its activity is regulated by gastrin , which is an
[102]
important effector in H. pylori infection . Chitinase 1
[103]
is also expressed in human and mouse stomach
but
has a relatively unknown function. Overall these results
suggest that CagA specifically targets components
of the tight junction in addition to regulating the
transcriptional program of gastric cells in vitro, but that
the intact mucosa may express important modifiers
that regulate CagA function to limit damage and
preserve barrier function in vivo.
VacA: Disruption of the tight junction barrier by
purified VacA from H. pylori was also done initially in
[84]
MDCK cells , demonstrating that TER declined in
a pH-dependent manner when acid-activated toxin
was used but that the decrement in TER did not occur
[84]
by disrupting the integrity of tight junctions . It
was additionally shown that acid activation of VacA
resulted in a pronounced increase in the permeability
[84]
of mannitol and sucrose but not of inulin or HRP .
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Table 2 Characteristics of human gastric cell lines that are used to study the role of Helicobacter pylori in tight junction dysfunction
during infection
Cultured cell line
AGS
BGC-823
GES-1
HFE-145
HGE-20

ZO-1, 2, or 3

Occludin

Cldns

11
4

Yes

MKN-1
MKN-7
MKN-28

ZO-1
ZO-1

Yes
Yes

MKN-45

ZO-1

Yes

Confluency

2, 4, 6, 7, 9 Confluent monolayer
with no TER
1, 18

ZO-1

ZO-1

NUGC-3
SIIA
SCG-7901
SNU-1
SNU-5
SNU-216
SNU-484
SNU-601
SNU-620
SNU-638
SNU-668
SNU-719
TMK-1

Tricellulin

JAM-A (low)
JAM-A (high)

HS-746T
HSC-39
HSC-45
HSC-57
HSC-59
KATOIII

MKN-74
MUGC4
NCI-N87

JAM’s

ZO-1

1
2
Yes
Yes
Yes
1, 2, 4, 18

Yes

4
1, 3, 4, 7

JAM-A

1, 2, 3, 4,
18
2, 4, 18
1
1, 4, 18

Yes
ZO-1

JAM-A

ZO-1

Confluent monolayer
with TER-polarized

Ref.

Cldns not expressed

[82,92,123-126]

11[119]

[19,38,71]
[19]
[119]
[65,80,81]
[71]
[111]
[16]
[16]
[16]
[38,71,72,111,
126,127]
[16,127]
[64,71,72,126-128]

Confluent monolayer
with a TER
Isolated cell clumps [34,71,72,108,111,127]
[16,34,37,38,111,126]
[72]
Confluent monolayer
[38,66,71,126]
with a moderate TER

1, 18

[19,38,71]

4
4

[126]
[126]

4
4

[126]
[126]

4
1, 3, 4, 7,
12, 15, 18

[126]
[129]

18[34]

11[119], 18[34]
4[126], 18[34]
18[34]
[119]
11 , 18[34]

18[108]

18[108]
11[119]
11[119]

4[126]

4[126]
4[126]
18[34]

Cldn: Claudin; ZO: Zonula occludens; TER: Transepithelial (electrical) resistance.

[84]

Moreover, VacA increased permeability to anions .
[85]
Pelicic et al
extended these findings to include H.
+
+
pylori, and using the VacA CagA strain CCUG17874
and an isogenic VacA mutant demonstrated that VacA
accounted for the entire decline in TER and increase
in mannitol flux in MDCK cells. Overall these results
suggested that VacA affects the tight junction pore
pathway by increasing pore size and thus paracellular
transport of small molecules (mannitol, 3.6 Ǻ and
sucrose 4.6 Ǻ), but not the leak pathway, which
would enhance the permeability of large molecules
[11]
like inulin (11.5 Ǻ) and HRP (24 Ǻ) . These results
also suggested that changes in claudin expression
occurred to increase the magnitude of flux through
tight junctions in addition to changing permselectivity.
In contrast to studies using MDCK cells, compelling
results were obtained using the gastric NCI-N87 cell
line; the TER was reduced with H. pylori and with
each of the cytotoxin-associated isogenic mutants
including VacA, CagA and urease subunit B (ureB),

WJG|www.wjgnet.com

suggesting that barrier dysfunction occurs in H. pylori
infection independent of the associated virulence
[66]
[87]
factors including VacA . Caco-2 cells
and MKN28
[64]
cells
are additionally unaffected by VacA. VacA
forms anion-selective channels, or pores, in cell or
model membranes that share numerous properties
with the host chloride, CLC, channels thus mimicking
the characteristics of a host channel to conduct ions
[104,105]
and perturb ion homeostasis in the stomach
.
The VacA cytotoxin also promotes urea permeation
[106]
in cultured MDCK, AGS, and Caco-2 cells
and
was shown to enter cells, target mitochondria,
and reduce mitochondrial membrane potential in a
[107]
concentration-dependent manner
. Although it
might be concluded that mitochondrial dysfunction
would impact tight junction integrity by reducing ATP,
urea permeation in the presence of VacA occurred by
the transcellular, rather than paracellular, pathway
and did not occur because of barrier dysfunction
caused by damaging or otherwise reorganizing tight
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[106]

junctions
. These studies further support the notion
that VacA does not cause barrier dysfunction at tight
junctions.
Urease and ammonia: In HGE-20 cell monolayers,
luminal acid significantly increased TER and decreased
paracellular permeability, which were affected by H.
pylori, specifically in isogenic ureB H. pylori mutants
[81]
that produced considerable ammonia/ammonium .
This work suggested that H. pylori affects TER and
permeability by neutralizing luminal acidity by the
[66]
production of ammonia . Although the claudinexpression in this cell line is largely unknown (Table 1),
it is tempting to speculate that claudin 18 is modulated
by luminal acidity in HGE-20 cells. In general,
extracellular acidity stimulates cell signaling pathways,
including extracellular signal-regulated kinase
(ERK) and protein kinase C activation, which were
demonstrated to regulate the expression of claudin
18 in MKN-45 cells but not in MKN74 or NUGC3 cells,
[108]
which do not express claudin 18
. Following apical
acidification, claudin 18 expression increased TER and
reduced paracellular permeability when overexpressed
[35]
+
in MDCK cells further supporting the idea that ureB
H. pylori and ammonia may reduce tight junction
function by modulating the expression of claudin
18. Although MKN28 cells do not express claudin 18
(Table 1), this cell line also demonstrated a significant
+
+
decrement in TER with (Vac Cag ) H. pylori that
required ureB and ammonia/ammonium. However, this
study concluded that barrier disruption was due to the
[64]
activation of myosin light chain kinase . Although the
+
+
TER in Caco-2 cells exposed to (Vac Cag ) H. pylori
was dependent on the ammonia/ammonium-induced
processing of occludin to a low molecular weight
[87]
form , disruption of occludin does not cause barrier
[15]
dysfunction in stomach, like it does in intestine , so
it is likely that results with occludin are not relevant to
stomach cells, in vivo.

CONCLUSION
In summary, tight junctions are configured slightly
differently at the surface and in gastric glands but all
claudin molecules are expressed in the mouse stomach
with claudin 18 being the most prominent. While a
comprehensive evaluation of claudin expression has
not been done in the normal human stomach, human
biopsy samples indicate that numerous claudins
are expressed and that claudin 18 expression is
also very high. These results suggest that stomach
tight junctions are designed to be electrically tight
and restrict cation permeability. Barrier dysfunction,
including a reduction in TER and a significant increase
in paracellular permeability, occurs in vitro and in vivo
during H. pylori infection, consistent with a reduction
in cation selectivity and an increase in the permeability
of larger molecules due to significant changes in tight
junction claudin expression and/or defects in tight
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junction integrity. When evaluating the role of H. pylori
virulence factors in tight junction dysfunction, the most
consistent results occur with urease and ammonia,
which are thought to cause cytoskeletal rearrangement
at tight junctions. The changes in claudin expression in
human H. pylori-induced GC are inconsistent, making it
difficult to predict molecular mechanisms that regulate
tight junction dysfunction in patients. On one hand,
claudin 18 expression is generally attenuated while the
expression of other cation-limiting claudins increases,
perhaps to compensate for the lack of permselectivity
and barrier tightness in the absence of claudin-18. For
the most part, studies in human patients choose either
a single or subset of tight junction proteins to survey,
but this strategy provides an inadequate snapshot
of the total set of abnormalities that occur in a given
patient tumor. It is possible that genetic variation in
virulence factors associated with H. pylori, host genetic
factors, and constitutive levels of inflammation result
in variable results in population studies of claudin
expression and its relevance to long-term survival.
Furthermore, studies are required to determine
whether or not claudin molecules have other roles
in gastric cells, besides their classical role at tight
junctions, to facilitate cancer development. Genome
sequencing and immunostaining with concomitant cell
culture studies done in appropriate models may assist
with future endeavors to sort-out the role of H. pylori
in barrier defects during infection.
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Abstract
While the incidence of gastric cancer has decreased
worldwide in recent decades, the incidence of signetring cell carcinoma (SRCC) is rising. SRCC has a
specific epidemiology and oncogenesis and has two
forms: early gastric cancer, which can be resected
endoscopically in some cases and which has a better
outcome than non-SRCC, and advanced gastric cancer,
which is generally thought to have a worse prognosis
and lower chemosensitivity than non-SRCC. However,
the prognosis of SRCC and its chemosensitivity with
specific regimens are still controversial as SRCC is
not specifically identified in most studies and its
poor prognosis may be due to its more advanced
stage. It therefore remains unclear if a specific
therapeutic strategy is justified, as the benefit of
perioperative chemotherapy and the value of taxanebased chemotherapy are unclear. In this review we
analyze recent data on the epidemiology, oncogenesis,
prognosis and specific therapeutic strategies in both
early and advanced SRCC of the stomach and in
hereditary diffuse gastric cancer.
Key words: Gastric cancer; Signet ring cell carcinoma;
Diffuse gastric cancer; hereditary diffuse gastric cancer;
CDH1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Contrary to others gastric cancer, the incidence
of signet-ring cell carcinoma (SRCC) of the stomach is
rising worldwide. SRCC has a specific epidemiology and
oncogenesis and has two forms: early gastric cancer,
which can be resected endoscopically in some cases
and which has a better outcome than non-SRCC, and
advanced gastric cancer, which is generally thought
to have a worse prognosis and lower chemosensitivity
than non-SRCC. Its poor prognosis may be due at
least in part to its more advanced stage. Therapeutic
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strategies are emerging but still controversial, as the
benefit of perioperative chemotherapy and the value of
taxane-based chemotherapy.
Pernot S, Voron T, Perkins G, Lagorce-Pages C, Berger A, Taieb
J. Signet-ring cell carcinoma of the stomach: Impact on prognosis
and specific therapeutic challenge. World J Gastroenterol 2015;
21(40): 11428-11438 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i40/11428.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i40.11428

INTRODUCTION
Gastric cancer (GC) is a major public health problem,
with 951000 new cases identified worldwide in 2012,
representing 6.8% of all new cases of cancers. During
2012, 723000 patients died of a gastric cancer,
[1]
accounting for 8.8% of deaths from cancer . GC is the
fifth most frequently diagnosed cancer and the third
leading cause of cancer-related death in the world.
Despite a decrease in the overall incidence of gastric
cancer in recent decades, the incidence of signet-ring
cell carcinoma (SRCC) is constantly increasing, in Asia,
the United States and Europe, accounting for 35%
to 45% of gastric adenocarcinoma cases in recent
[2,3]
studies . Its incidence increased 10-fold between
[4]
1970 and 2000 .

Heterogeneity of pathological
classifications
This increase in the proportion of SRCC in cases
of gastric adenocarcinoma can be explained by
changes in the pathological classifications used to
characterize these cancers. Since the publication
of the WHO classification of gastric cancers in
1990, signet-ring cell adenocarcinoma constitutes
one specific histotype and therefore can be better
identified among gastric cancers. Previously, signetring cell adenocarcinoma was classified as “diffuse
[5]
type” according to Lauren’s classification , “infiltrative
[6]
[7]
type” by Ming , “undifferentiated type” by Nakamura
[8]
and “high grade” by the UICC .
Now, signet-ring cell carcinoma is defined according
to the WHO’s classification as a poorly cohesive
carcinoma composed predominantly of tumor cells
with prominent cytoplasmic mucin and a crescent[9]
shaped nucleus eccentrically placed (Figure 1A).
It is important to understand that signet-ring cell
adenocarcinomas are always classified, by definition,
as “undifferentiated type” by Nakamura and as “diffuse
type” by Lauren. But, conversely, not all gastric
cancers classified as “undifferentiated” or “diffuse” are
signet-ring cell cancers.
Also, although it is the usual histotype of linitis
plastica, signet-ring cell adenocarcinoma should be
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distinguished from linitis plastica, which is defined
macroscopically by thickening and rigidity of the
gastric walls secondary to an abundant fibrous
stromal reaction (Figure 1B). Thus 10% to 20% of
cases of linitis plastica are not due to signet-ring cell
[10]
adenocarcinoma .

Epidemiology of SRCC:
Unlike non-SRCC, the incidence of SRCC of the stomach
is rising

Since the advent of treatment to eradicate Helico
bacter, the incidence of gastric adenocarcinoma has
decreased. However, the incidence of SRCC is rising
and SRCC is found in 8% to 30% of gastric cancers.
SRCC epidemiology and risk factors differ substantially
from those of other types of gastric adenocarcinoma.
SRCC is more frequent in women than non-SRCC,
with a sex ratio around 1, compared with less than 1/2
in gastric adenocarcinoma. SRCC occurs in younger
patients, consistently 7 years before non-SRCC, with
[3,11]
a mean age ranging from 55 to 61 years
. Ethnic
distribution is unclear. A previous report showed a
lower frequency in Asians, but SRCC as a disease
[9]
entity was not clearly separated . In a recent study
in more than 10000 patients with gastric cancer,
SRCC was significantly more common among black,
Asian/Pacific Islander, American Indian/Alaska Native,
[3]
and Hispanic ethnic groups . In particular, in the
Asian population, which represented 14% of the total
population in this study, which is quite low considering
the known epidemiology of gastric cancer in Asians,
SRCC was found in more than 30% of patients.
Another study on 1884 patients with less than 10%
[12]
of Asian patients gave the same results . But these
studies were conducted in the United States and
Canada and Asian patients living in North America may
not be representative of the global Asian population.
However, in recent large study in Asian countries SRCC
[11]
was found in 15% of patients in South Korea , in
[13]
10% of Japanese patients
and in 6% to 15% of
[14,15]
patients in China
, although recent studies from the
United States or European countries show a frequency
[3,10]
of 25% to 30%
.

SRCC has a distinct clinical presentation from nonSRCC

Considering clinical presentation, SRCC is more
frequent in the middle stomach than non-SRCC. SRCC
type is associated with more advanced cancer and
is most frequent in stage 4, T3/T4 and N2 cancers.
Paradoxically, SRCC is more frequent in early gastric
cancer than in advanced gastric cancer in some
[11]
reports . In fact, SRCC in early gastric cancer and
advanced gastric cancer may represent 2 distinct
subsets with distinct implications. In advanced gastric
cancer, peritoneal carcinomatosis is the most frequent
[16]
metastatic site , and some authors recommend
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A

B

Figure 1 focus of intramucosal signet ring cell carcinoma invading the lamina propria (T1a) (A) and signet ring cell carcinoma invading muscularis
propria as single tumor cells with marked desmoplasia (B).

routine laparoscopic evaluation before treatment.

SRCC shares no risk factors with non-SRCC

In accordance with the different epidemiologies,
SRCC could have different risk factors from nonSRCC. While non-SRCC is often multifactorial, infection
with Helicobacter pylori (H. pylori) leading to chronic
gastritis is involved in most cases of gastric cancer,
with the exception of cardia cancer. However, the role
of H. pylori in SRCC is more controversial. Indeed,
since wide eradication of H. pylori, an H. pylorinegative gastric cancer (H. pyloriNGC) entity has been
emerging. This entity may include several subtypes,
such as gastric adenocarcinoma of the fundic gland
((GA-FG-CCP) and SRCC, thus questioning the role of
[17]
H. pylori in these histologic subtypes .
The role of other risk factors in gastric cancer (saltpreserved food, smoking, auto-immune gastritis) or
cardia cancer (obesity…) is not well studied in SRCC.

SRCC is associated with specific germline mutations
in the CDH1 gene, which encodes the epithelial cell
adhesion protein E-cadherin in patients with hereditary
diffuse gastric cancer

Early-onset diffuse gastric cancer (DGC), multi
generational DGC and lobular breast cancer clinically
define hereditary diffuse gastric cancer (HDGC).
Updated criteria were established by a multidisciplinary
[18]
workshop in 2015 .
CDH1 germline mutations are the main genetic
cause of HDGC. The first CDH1 germline mutation
was described in 1998, with a founder mutation
[19]
identified in the New Zealand Maori population . A
heterozygous CDH1 germline mutation increases the
lifetime of DGC and lobular breast cancer.
In the updated recommendations, compared with
[20]
the 2010 guidelines , in the case of a familial history
of gastric cancer the age of diagnosis is no longer
required, as soon as DGC is confirmed histologically
for at least one case. Two groups have been added in
families in whom genetic testing can be considered:
individuals with a personal or family history of cleft
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lip/cleft palate and DGC; in situ signet-ring cells and/or
pagetoid spread of signet-ring cells in the stomach.
The revised criteria are summarized in Table 1.
Using the 2010 criteria, the CDH1 detection rate
is between 10% and 18% in countries with a low
incidence. In contrast, this detection rate is much
[21-23]
higher in the New Zealand Maori population
.
A recent study updated penetrance data for CDH1
mutations carriers from 75 families. By the age of
80 years, the cumulative risk of DGC is estimated to
be 70% for men (95%CI: 59%-80%) and 56% for
women (95%CI: 44%-69%). Moreover, the cumulative
risk of lobular breast cancer is reported to be 42%
(95%CI: 23%-68%). No evidence for an increased
[21]
risk of other types of cancer has been noted .
Within pathogenic CDH1 germline mutations, there
is a majority of truncating mutations that do not lead
to a functional protein. Rare large exonic deletions
[24]
exist, with a frequency of about 5% . As CDH1 is
a tumor suppressor gene, a second somatic hit is
needed for tumor initiation, which most frequently
includes promoter methylation, and less frequently
[25]
somatic mutation or loss of heterozygosity .
Other genes can be considered as candidates in
HDGC predisposition: CTNN1A, BRCA2, PALB2 and
MAP3K6. So far, no recommendation can be offered,
[21,26]
due to lack of data
.
CDH1 germline mutation carriers should be strongly
advised to undergo prophylactic total gastrectomy,
usually between 20 and 30 years old. Family history
should be taken into account, especially the age
of onset of clinical cancer in probands. Baseline
endoscopy should be performed before surgery and
H. pylori infection should be screened for and infected
patients should be excluded. Gastrectomy examination
and sampling should follow a specific protocol. Nearly
all samples harbor signet-ring cells and many harbor
[27]
T1a carcinoma .
Annual endoscopy should be offered to subjects
who do not undergo surgery. To this end, a white light
high-definition endoscope is recommended, for a least
30 min, with repeated inflation and deflation, in order
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Table 1 Clinical hereditary diffuse gastric cancer testing
[18]
criteria (from van der Post J Med Genet 2015 )
Criteria include first and second degree relatives
Established criteria

Families in whom
testing could be
considered

2 GC cases regardless of age, at least one
confirmed DGC
One case of DGC < 40
Personal or family history of DGC and LBC, one
diagnosed < 50
Bilateral LBC or family history of 2 or more cases
of LBC < 50
Personal or familial history of cleftlip/palate in a
patient with DGC
In situ signet ring cell and/or pagetoid spread of
signet ring cells

GC: Gastric cancer; DGC: Diffuse gastric cancer; LBC: Lobular breast
cancer.

to inspect the mucosa carefully. A minimum of 30
biopsies is recommended. Any endoscopically visible
lesions are biopsied, including pale areas, but random
sampling should also be performed, five biopsies being
taken from each of the following anatomical zones:
pre-pyloric area, antrum, transitional zone, body,
fundus and cardia.
In women with a CDH1 mutation, breast survei
llance includes annual breast magnetic resonance
imaging (to which mammography can be added)
starting at the age of 30, combined with an annual
clinical breast examination. Prophylactic mastectomy
is not recommended, but can be considered for some
women.
There is no evidence to link CDH1 mutation to an
increased risk of colorectal cancer, but case reports
have mentioned colorectal and appendiceal SRCC in
CDH1 mutation carriers. Therefore, in CDH1 mutation
families in which colon cancer is reported in mutation
carriers, colonoscopy screening can be proposed at age
40 or 10 years younger than the youngest diagnosis
of colon cancer, whichever is younger, and repeated at
[18]
intervals of 3-5 years .

Specific pathways are implicated
in SRCC carcinogenesis
SRCC has a specific oncogenesis that differs from
that of tubular gastric adenocarcinoma. The two main
pathologic processes at a cellular level are loss of cellcell adhesion molecules and accumulation of mucin in
large vacuoles.
E-cadherin, which is encoded by the CDH1 gene, is
a cell-cell adhesion molecule and seems to play a key
role in carcinogenesis. Its role in tumor progression
and epithelial-mesenchymal transition has been
[28,29]
widely studied in many types of cancer
, but in
SRCC E-cadherin may be involved earlier in tumor
[30]
initiation . E-cadherin deficiency has been reported
to initiate carcinogenesis in a large proportion of SRCC
cases, in both HDGC and sporadic SRCC. As seen
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above, germline inactivating truncating mutations
in CDH1 are found in some, but not all, cases of
[31]
HDGC . These mutations confer an autosomal
dominant susceptibility with variable penetrance
according to the family. The carcinogenesis model in
HDGC supposes that in patients carrying the germline
mutation, a somatic event could occur in the second
allele, such as a point mutation, loss of heterozygosity,
[32]
or more frequently promoter hypermethylation .
Host-environment interaction could play a role in this
[30,31,33-35]
somatic mutation (diet, gastritis, carcinogens)
.
It is of note that CDH1 mutations are not found in
familial intestinal gastric adenocarcinoma.
In sporadic SRCC, somatic mutations of CDH1
are also frequently involved compared with gastric
[36]
adenocarcinoma, mostly promoter hypermethylation .
While CDH1 mutations seem to be the most
frequent abnormality leading to SRCC, other adherence
molecules could be involved in fewer cases, such
as somatic mutations of β-catenin/APC genes or
[37]
dysregulation of the Wnt/β-catenin pathway .
Moreover, expression of CDH1 and other adherence
molecules could be downregulated upstream of
various pathways. The phosphatidylinositol 3-kinase
(PI3K) pathway may be involved in some cases of
SRCC carcinogenesis. Briefly, the activated ErbB2/
ErbB3 complex in SRCC binds PI3K leading to
phosphorylation of tyrosine residues and activation
of downstream pathways including p38 MAP kinase.
Activation of p38 MAP kinase lead to loss of cell[38]
cell contact by disruption of adherent junctions .
Moreover, the MEK1 pathway may complete the loss
of cell-cell contact, and other pathways, as yet not
well described, are probably involved. MUC4 has been
reported to increase activation of the ErbB2/ErbB3
complex. MUC4 belongs to the family of mucins that
are normally expressed in gastric mucosae (MUC1,
MUC5AC, MUC6) or expressed de novo in gastric
cancer (MUC2, MUC4). In SRCC, accumulation
of mucins results in large vacuoles, which could
therefore play a role in carcinogenesis. However, the
mechanisms and pathways underlying mucin secretion
and accumulation in cells are not well known.
Finally, a hormonal theory in which estrogen is
involved in tumor initiation or progression or both has
been developed to explain the increased incidence in
women of SRCC compared with non-SRCC. Indeed,
diffuse type gastric cancer is more likely to present
estrogen receptors, even if this is not well established
[39-41]
in the SRCC subtype
. However, while this
mechanism has been suggested to be involved in the
tumor process, there is no evidence that it plays a
major role.

Prognosis of signet-ring cell
gastric adenocarcinoma
While all studies agree on the poor prognosis of
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Table 2 Studies assessing prognosis of the signet-ring cell histotype in early gastric cancers
Ref.

Number of patients in study Number of early gastric cancers SRCC frequency in early Prognosis of SRCC (type of analysis)
gastric cancer

Maehara et al[57] (1992)
Otsuji et al[58] (1998)
Hyung et al[80] (2002)
Kim et al[45] (2004)
Kunisaki et al[43] (2004)
Ha et al[42] (2008)
Jiang et al[44] (2011)
Kwon et al[11] (2014)
Gronnier et al[46] (2013)

1500
1498
3104
2358
1113
1520
2315
769
421

384
568
933
561
513
1520
269
326
421

7.3%
19.8%
28.2%
16.7%
23.4%
25.5%
20.1%
15.6%
25%

Similar (univariate)
Better (univariate)
Better (univariate)
Similar (multivariate)
Better (multivariate)
Better (univariate)
Better (multivariate)
Better (multivariate)
Similar (multivariate)

SRCC: signet-ring cell carcinoma.

diffuse gastric adenocarcinoma according to Lauren’s
classification, including SRCC, the prognosis of signetring cell adenocarcinoma is still debated and appears
to depend on the stage of the cancer at the time of
diagnosis.

Prognosis of signet ring cell adenocarcinoma in early
gastric cancers

For early gastric cancer, described by the Japanese
Endoscopy Society as gastric cancer not extending
beyond the submucosa whatever the lymph node
status, the prognosis of SRCC has been reported in all
studies as equivalent to or better than that of other
gastric adenocarcinomas. Thus, in the largest published
study of early gastric cancer in 1520 patients which
compared prognosis of SRCC and non-SRCC, patients
with SRCC had a better survival rate than patients with
[42]
other gastric adenocarcinomas . Among the nine
studies that specifically studied the prognostic impact
of the histotype (SRCC or non-SRCC) in early gastric
cancers, five conducted a multivariate analysis to take
account of potential confounding factors (Table 2).
Three studies demonstrated that survival was better in
early SRCC than in other early gastric cancers (Kunisaki
[43]
[11,44]
et al
HR = 0.28; 95%CI: 0.08-0.91)
and two
[45,46]
studies showed that the prognosis was similar
.
This better overall survival observed in most studies
could be related to the younger age at presentation
[46]
for SRCC patients, as suggested by Gronnier et al .
Moreover, SRCC was more frequently limited to the
mucosa and had fewer invaded lymph nodes than nonSRCC in early gastric cancer, which are two well-known
prognostic factors for survival.

Prognosis of signet-ring cell adenocarcinoma in
advanced gastric cancer

Conversely, in advanced gastric cancer, the prognosis of
signet-ring cell adenocarcinoma is more controversial
and is commonly thought to be poor. This was first
[47-52]
suggested in retrospective studies
, without
distinction of SRCC among diffuse types. Two
retrospective studies of more than 3500 patients
with advanced SRCC showed a significantly worse
[53,54]
5-year survival rate than in non-SRCC
(Table 3).
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Other smaller studies showed a significant difference
in overall survival between differentiated, SRCC and
undifferentiated gastric cancer, SRCC being close
[11,14,55]
to undifferentiated
. But other small studies
did not indicate a significantly worse prognosis of
[43-45,56-58]
SRCC
. Another study showed that SRCC
was an independent predictor of poor prognosis in
[10]
multivariate analysis , though this was not significant
[59]
in another study with multivariate analysis . Most of
these studies were Asian.
Finally, the largest cohort comparing SRCC and
non-SRCC, in more than 10000 patients, did not report
that SRCC was a prognostic factor after adjustment for
the tumor stage in advanced gastric cancer. However,
[3]
Taghavi et al did not specify the precise percentage
of SRCC cases and did not use the WHO classification
for more than 50% of SRCC cases. In this cohort,
SRCC was not predictive of poor outcome, but was
associated with more aggressive tumors. SRCC was
more likely to be associated with an American Joint
Committee on Cancer stage 4 tumor (50% vs 42%, p
< 0.001), T3/T4 tumor (45.8% vs 33.3%, p < 0.001)
and N2/N3 tumor (59.7% vs 51.8%). But in this large
registry cohort, some confounding clinicopathological
factors were not known, such as Performance Status,
type of resection, and perioperative treatment.
Moreover, it is quite surprising that patients with
SRCC at a more advanced stage did not have a worse
prognosis in univariate analysis. So, even though the
size of the cohort is impressive, these data do not
close the debate.
In conclusion, the prognosis of SRCC in advanced
gastric cancer is controversial. Some reports suggest
a worse prognosis, while others suggest that the
presence of SRCC in gastric adenocarcinoma is not an
independent predictor of prognosis after adjustment
for the stage. But in most studies, SRCC was at a
more advanced stage, suggesting a more aggressive
[55]
SRCC phenotype and lower R0 resection rate ,
which could explain the poorer prognosis in some
studies. This hypothesis is supported by results from
several studies in which SRCC had a worse prognosis
univariate analysis, but not in multivariate analysis,
[14,45,54]
after adjustment for the tumor stage
.
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Table 3 Studies assessing the prognosis of the signet-ring cell histotype in advanced gastric cancer
Ref.
Maehera et al[57] (1992)
Kim et al[53] (1994)
Otsuji et al[58] (1998)
Yokota et al[56] (1998)
Theuer et al[59] (1999)
Kim et al[45] (2004)
Kunisaki et al[43] (2004)
Li et al[42] (2007)
Messager et al[68] (2011)
Taghavi et al[3] (2013)
Jiang et al[44] (2011)
Kwon et al[11] (2014)
Zu et al[14] (2014)
Heger et al[55] (2014)

Number of
patients in study

Number of advanced
gastric cancers

SRCC frequency in
advanced gastric cancer

Median 5-yr survival of SRCC
(vs non-SRCC)

p -value

1500
3702
1498
923
3020
2358
1113
4759
159
12246
2315
769
741
723

1116
NP
630
NP
NP
1797
600
4759
NP
6261
2046
443
741
312

2%
NP
9.5%
NP
NP
6%
9%
14%
NP
26.3%
7%
12.8%
5.9%
33.5%

48% (vs 33%)
32% (vs 45%)
44% (vs 28%)
11% (vs 38%)
NP
35% (vs 40%)
NP
42% (vs 51%)
9% (vs 24%)
NP
31.5% (vs 35.7%)
26% vs 50.5%1
43.4% vs 87.1%2
NP

NS
< 0.05
NS
NS
NS (multivariate)
NS
NS
0.009
0.038
NS (multivariate)
NS
0.004
0.0123
0.02 (multivariate)

1

Ten-year survival; 2vs well-differentiated cancer; 3comparison between all histotypes (well differentiated, moderately differentiated, poorly differentiated
and SRCC). SRCC: signet-ring cell carcinoma.

Therapeutic strategies
Early gastric cancer: How far can we perform
endoscopic resection?

The presence of lymph node metastases is considered
as one of the most significant prognostic factors
for overall and disease-free survival in patients
with gastric cancer. Therefore, it is essential to
highlight this potential lymph node involvement with
appropriate surgery and consequently with extended
lymphadenectomy, but also to propose postoperative
chemotherapy when indicated.
However, for some early gastric cancers, the risk of
lymph node metastasis is thought to be very low. Thus,
patients with a well to moderately well differentiated
tumor of less than 3 cm in size without submucosal
invasion as well as patients with a well-differentiated,
nonulcerated and limited submucosal lesion (T1sm1)
of less than 3 cm in size have no risk of lymph node
metastasis according to Gotoda et al. In these cases,
endoscopic treatment including endoscopic mucosal
resection or endoscopic submucosal dissection can
be an alternative to radical surgery and has better
perioperative outcomes and comparable long-term
[60,61]
results
.
Conversely, patients with early gastric cancer
limited to the mucosa (clinically T1a), but with an
ulcerated lesion, a lesion larger than 3 cm, with
undifferentiated histotype or with lymphatic duct
invasion have an increased risk of lymph node
metastasis (detailed in table 4). For these reasons,
various guidelines have been established to define
the indications for endoscopic resection. In Asia,
endoscopic mucosal resections are limited to well or
moderately differentiated tumors of less than 2 cm
in size, limited to the mucosa and non-ulcerated,
according to the Japan Gastric Cancer Association
(JGCA) guidelines. Moreover, endoscopic submucosal
resection, which enables more complete and extensive
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en-bloc resection, is indicated by JGCA guidelines for
well-differentiated and non-ulcerated tumors of more
than 2 cm in size and extending up to the submucosa
(sm1) or for well-differentiated and ulcerated tumors
of less than 3 cm limited to the mucosa or for
undifferentiated and non-ulcerated tumors of less than
2 cm limited to the mucosa (table 4).
In Europe and the United States, the EORTC St.
Gallen International Expert Consensus defines the
indications for endoscopic resections of early gastric
cancer, largely following JGCA guidelines, except
for gastric cancers with diffuse histology for which
[62]
surgery is considered obligatory . Thus, it is not
recommended to perform endoscopic resection for early
signet-ring cell gastric cancer in western countries,
whatever the depth of invasion in the gastric walls. In
Asia, SRCC limited to the mucosa, non-ulcerated and
less than 2 cm in size can be resected by submucosal
[63]
[42]
endoscopic resection . In a recent study, Ha et al
supported this indication by demonstrating no lymph
node metastasis in 77 patients with early gastric
cancer confined to the mucosa, less than 2 cm in size
and with no lymphatic involvement.

Resectable gastric cancers: Which procedure for signetring cell carcinoma?
For non-metastatic advanced gastric cancer, endo
scopic resection is not possible due to a too high
risk of lymph node metastases. Surgical resection is
then essential to treat these tumors, combined with
an adequate lymphadenectomy in order to assess
the patient’s prognosis, avoid stage migration and to
propose the most appropriate therapeutic strategy.
The extent of this lymphadenectomy during
gastrectomy for resectable advanced gastric cancer
has been debated between Western and Asian
surgeons for long time. Thus, despite a theoretical
advantage of offering the widest lymphadenectomy
possible, as advocated by Asian surgeons, two
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Table 4 Incidence of lymph node metastasis in early gastric cancer (according with Gotoda et al
Depth of invasion

Tumor size

Mucosal

< 2 cm

2-3 cm

> 4 cm
Submucosal (sm1)

< 3 cm
> 3 cm

Submucosal (sm2)

< 3 cm
> 3 cm

[81]

)

Grade of differentiation Ulcerated versus not ulcerated tumor Incidence of LNM
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated
Well differentiated
Poorly differentiated

Not ulcerated
Not ulcerated
Ulcerated
Ulcerated
Not ulcerated
Not ulcerated
Ulcerated
Ulcerated

0%
0%
0%
2%
0%
1.7%
0%
2.4%
1.7%
7.3%
5.6%
NC
2.6%
6.5%
19%
NC
27%
NC

Recommended treatment
EMR
ESD (Asia)/surgery (Western)
ESD
Surgery
ESD
Surgery
ESD
Surgery
Surgery
Surgery
ESD/Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery

ESD: Endoscopic submucosal dissection.

controlled randomized trials comparing D1 vs D2
lymph node dissection have demonstrated no 5-years
survival benefit and higher postoperative mortality
[64,65]
for D2 lymphadenectomy
. Nevertheless, both
trials have received criticism over the relative
inexperience of many different surgeons performing
D2 lymphadenectomy, which could explain the
higher mortality observed in D2 lymphadenectomy
group. Furthermore after a follow-up of 15 years,
D2 lymphadenectomy was associated with lower
locoregional recurrence and gastric cancer-related
[66]
death rates than D1 surgery in the Dutch D1D2 trial .
Thus, to deal with this lower locoregional recurrence
rate associated with higher postoperative morbidity
and mortality rates linked to splenectomy and distal
pancreatectomy, a modified D2 lymphadenectomy
(without splenectomy and distal pancreatectomy,
named also D1,5 lymphadenectomy) was proposed,
and become the standard lymphadenectomy for
advanced gastric cancer in some European countries
as in France, whereas the D2 lymphadenectomy
remains the standard in others.
Despite a higher rate of lymph node involvement in
SRCC, no specific recommendation is available about
the type of lymphadenectomy to perform for advanced
SRCC. As for other histological types, a modified D2
lymphadenectomy to remove at least 15 lymph nodes
is recommended.
For distal gastric cancer, only two randomized
clinical trials have investigated whether subtotal
gastrectomy is sufficient compared with total
gastrectomy. Both trials indicated no statistical
difference in mortality or survival between the two
surgical procedures. No subgroup analysis was
conducted to evaluate these two procedures based
on histological type. Thus, subtotal gastrectomy is
recommended for antro-pyloric cancer, whatever the
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histological subtype. However, because the infiltrative
nature of the SRCC results in more frequently invaded
proximal and distal resection margins (20.3% vs 9.0%
[10]
and 20.3% vs 4.0% in Piessen et al ), some authors
routinely perform total gastrectomy combined with
freezing of resection margins in the case of antropyloric SRCC.
Finally, due to a high rate of peritoneal carcino
matosis (17%) discovered during surgical resection
of advanced SRCC, certain surgeons propose two
specific therapeutic strategies for SRCC. First, staging
laparoscopy can be performed routinely before any
treatment to track any peritoneal carcinomatosis
and therefore to modify treatment. Second, in
the event of intraoperative discovery of resectable
peritoneal carcinomatosis, palliative resection is not
recommended for advanced SRCC because of an
unacceptable three-fold higher risk of postoperative
[67]
mortality for this histological subtype .

SRCC may have a different chemosensitivity profile than
non-SRCC

SRCC is thought to be less chemosensitive than nonSRCC. However, no specific studies have assessed this
hypothesis, which is supported by several controversial
findings.
In a retrospective study of 924 cases of resected
SRCC, comparing patients with and without peri
operative chemotherapy, the latter provided no
benefit in terms of R0 resection rate (about 65%) or
[68]
in survival . Morever, perioperative chemotherapy
was found to be an independent predictor of poor
survival (HR = 1.4, 95%CI: 1.1-1.9, P = 0.042) and
the authors suggested as an explanation that toxicity
of neoadjuvant treatment was correlated with worse
[69]
outcome . However, this study suffers from several
biases. The indication for perioperative treatment was
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left to the investigator. Patients receiving perioperative
chemotherapy had a more aggressive presentation
than patients who received no perioperative treatment.
Furthermore, the type of chemotherapy was left to
the choice of the investigator. Perioperative standards
are based on mostly non-SRCC or nonspecific
studies and most patients receive 5FU + platinum
component +/- epirubicin. Conversely, another
large retrospective study in a perioperative setting
suggested that SRCC has a lower response rate to
neoadjuvant chemotherapy (mostly 5FU + platinum),
but either the clinical or pathological response was
[55]
significantly correlated with a better outcome . This
result highlights that perioperative treatment in SRCC
may confer a theoretical benefit, but that the classic
regimen seems insufficient.
SRCC could have a different chemosensitivity
profile, and in particular recent data suggest that
taxane-based therapy could be more efficient in SRCC.
An ex vivo analysis of chemosensitivity of several
human gastric cancer samples showed that SRCC
and diffuse-type samples were significantly more
sensitive to such drugs as mitomycin C, doxorubicin
and docetaxel than intestinal-type samples, but
[70]
not to 5FU or platinum , which is still most often
used in the perioperative setting. In a comparison
of docetaxel- and oxaliplatin-based chemotherapy
[71]
in various SRCC histologies, Chen et al
found a
benefit of docetaxel-based chemotherapy in mixed
SRCC. However, the results were conflicting in pure
SRCC in which there was no difference between the
two types of chemotherapy. In a retrospective study
with a limited number of patients (n = 17), docetaxelbased chemotherapy was associated with an 80% R0
resection rate and a median overall survival of more
[72]
than 40 mo .
In a metastatic setting there are few data concerning
chemosensitivity in specific subsets of SRCC in
[73]
prospective trials. Twenty years ago Rougier et al
reported a 16% response rate in SRCC compared with
65% in non-SRCC. However, in a metastatic setting
also, drugs such as taxanes may be more effective.
We reported that in diffuse type SRCC and in SRCC
patients treated with docetaxel, the combination of
5FU and oxaliplatin gave a response rate of more than
[74,75]
65% and seemed at least equivalent in non-SRCC
.
Specific oncogenic pathways may induce specific
sensitivity to targeted agents. There are no data
concerning SRCC in recent trials testing targeted
agents in gastric cancer. However, efficacy in diffuse
type has been studied in a few trials. In the REGARDS
trial, which was a phase Ⅲ trial testing ramucirumab,
an anti-VEGFR2 antibody, versus best supportive care
in pretreated patients with gastric cancer, ramucirumab
[76]
provided a significant benefit in overall survival . In
subgroup analysis, a high benefit was found in the
diffuse type (HR = 0.56; 95%CI: 0.36-0.85), but not
in the intestinal type, suggesting higher sensitivity to
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antiangiogenics. This was not found in the RAINBOW
trial testing ramucirumab in combination with
[77]
paclitaxel , or with targeted therapy including antiHER2, which is validated in HER2-overexpressing
[78]
gastric cancer . However, diffuse type was a small
subgroup in these trials, and so we cannot draw
conclusions regarding specific sensitivity.
Finally, immunotherapy should be tested in SRCC,
as PDL1 is overexpressed in about 23% of cases
of SRCC, and anti-PDL1 antibody is a promising
[79]
treatment of GC .
In conclusion, whereas SRCC is thought to be
less chemosensitive than non-SRCC, recent reports
suggest it could have a specific sensitivity profile and
be more sensitive to taxane-based chemotherapy or
antiangiogenics. However, this has to be confirmed in
a specific prospective trial. In a perioperative setting,
the benefit of chemotherapy is controversial and a
prospective randomized trial is under way to test this
hypothesis. However, the chemotherapy regimen
used is the old combination of epirubicin, cisplatin and
fluorouracil, which may not be the optimal regimen in
SRCC.
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Abstract
Irritable bowel syndrome (IBS) is one of the most
commonly diagnosed gastrointestinal conditions. It
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represents a significant healthcare burden and remains
a clinical challenge. Over the years IBS has been
described from a variety of different perspectives; from
a strict illness of the gastrointestinal tract (medical
model) to a more complex multi-symptomatic disorder
of the brain-gut axis (biopsychosocial/psychosomatic
model). In this article we present aspects of the
pathophysiology and the non-pharmacological treat
ment of IBS based on current knowledge. Effects of
conditioned stress and/or traumatic influences on the
emotional system (top-down) as well as effects on the
intestine through stressors, infection, inflammation,
food and dysbiosis (bottom-up) can affect braingut communication and result in dysregulation of the
autonomic nervous system (ANS), playing an important
role in the pathophysiology of IBS. Conditioned stress
together with dysregulation of the autonomic nervous
system and the emotional system may involve reactions
in which the distress inside the body is not recognized
due to low body awareness. This may explain why
patients have difficulty identifying their symptoms despite
dysfunction in muscle tension, movement patterns,
and posture and biochemical functions in addition to
gastrointestinal symptoms. IBS shares many features with
other idiopathic conditions, such as fibromyalgia, chronic
fatigue syndrome and somatoform disorders. The
key to effective treatment is a thorough examination,
including a gastroenterological examination to exclude
other diseases along with an assessment of body
awareness by a body-mind therapist. The literature
suggests that early interdisciplinary diagnostic cooperation between gastroenterologists and body-mind
therapists is necessary. Re-establishing balance in the
ANS is an important component of IBS treatment. This
article discusses the current knowledge of body-mind
treatment, addressing the topic from a practical point
of view.
Key words: Irritable bowel syndrome; Assessment;
Treatment; Hypnotherapy; Pathophysiology; Body
awareness therapy; Psychosomatics; Stress; Body-
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Core tip: Due to the complex nature of irritable bowel
syndrome (IBS), no long-lasting generally accepted
therapies are available. Different lines of research
have been developed to address this issue. One line
focuses on identifying intestinal mechanisms that
may be affected by pharmacologic intervention. The
understanding of IBS, especially the interactions
between the central and enteric nervous systems,
has grown considerably in recent years. Because
recent research has focused more on the body-mind
aspect of the disease, body-mind remedies such as
hypnotherapy, psychotherapy and body awareness
therapy have been applied. In highlighting this topic
we discuss non-pharmacological methods and practical
guidelines for the treatment of IBS.
Eriksson EM, Andrén KI, Kurlberg GK, Eriksson HT. Aspects of
the non-pharmacological treatment of irritable bowel syndrome.
World J Gastroenterol 2015; 21(40): 11439-11449 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i40/11439.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i40.11439

IBS over the years

INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most
commonly diagnosed gastrointestinal conditions,
characterized by symptoms such as abdominal pain,
cramping or abdominal bloating, faecal urgency,
and alteration of bowel habits with the relief of pain
or discomfort upon defecation. Women are more
frequently diagnosed with IBS than men. IBS patients
are generally subdivided into diarrhoea predominant
(D-IBS), constipation predominant (C-IBS) or an
alternating type (A-IBS), which stool fluctuates
[1-5]
between diarrhoea and constipation .
[4]
IBS generates a significant healthcare burden
[6-9]
with huge economic costs
. Increased economic
consequences are also incurred as a result of
unnecessary surgery. A threefold higher rate of
cholecystectomy, a twofold higher rate of appen
dectomy and hysterectomy and an approximately
50% higher rate of back surgery have been recorded
[4,10]
in IBS patients compared to those without IBS
.
The severity of symptoms varies widely, from very
mild to incapacitating. The prevalence of moderate
[11]
and severe cases may be underestimated . Previous
studies have highlighted how IBS impairs healthrelated quality of life, possibly even increasing the risk
[12,13]
for suicidal behaviours
. An IBS diagnosis is based
on clinical symptoms and the exclusion of somatic
[14,15]
diseases
. Clinical symptoms have often been
defined through questionnaires including the Manning,
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Kruis Score, Rome Criteria, Abdominal Symptom
[15-19]
Questionnaire and the Gastro Intestinal Scale
.
These questionnaires differ in how the questions are
formulated. To be classified as IBS according to Rome
Ⅱ, patients answer, “yes or no” to the question; “in
the last 3 mo, did you often have discomfort or pain
in your abdomen?” If they answer “no” they do not
have IBS. While in the Gastro Intestinal Scale, the
questions consist of a seven-point scale from no
discomfort to the worst conceivable symptoms. In
the Rome Ⅲ questionnaire more alternatives in most
[18]
of the questions are provided . In our experience,
individuals rate their pain in different ways depending
on their earlier life experiences, body awareness,
gender, etc.
In addition to gastrointestinal symptoms, IBS
patients often experience a wide range of other
problems, such as non-abdominal pain, psychological
symptoms, low quality of life, as well as difficulties
[13,20,21]
in carrying out activities of daily life
. They
also exhibit complicated body tensions, bodily
stress patterns, low body awareness and abnormal
[18,22-27]
stress parameters
. Many IBS patients have
been exposed to traumatic events and may also
have low self-esteem, difficulties setting limits and
[28,29]
hypersensitivity
. Therefore IBS patients may show
many signs of being in a state of chronic distress.

In 1948, Collins defined the syndrome of irritable
colon as a hyperirritable, neuromuscular imbalance
of the colon sufficiently severe to cause abdominal
[30]
pain or distress . He stated his long-time interest
in the dysfunction of the gastrointestinal tract due to
functional as well as somatic causes: “The purpose
of this communication is to emphasize physiologic,
[30]
local irritative and psychosomatic factors” . In
[31]
1956, Bargen
wrote, “The so called irritable colon
is primarily the result of an emotional disturbance, a
tension state, abuse of laxative agents or a dietary
indiscretion” and concluded in his article that “actually,
there are no medicines that are substituted for a
carefully planned program of management of the
digestive problems of these persons. Measures
should include particular attention to their emotional
disturbances, their situation in respect to stress, and
particularly their dietary problems”.
During the sixties, IBS was defined as a disease of
the gastrointestinal region and treatment was largely
[32]
pharmacological. In 1999, Wessely et al
wrote an
article entitled ”Functional somatic syndromes: one or
many?”, after which several physicians expressed their
[33]
frustration about the management of IBS. Enck et al
wrote in 2008, “the next consensus for the irritable
bowel syndrome has to be interdisciplinary”.
In the late seventies the term “biopsychosocial”
was introduced; since then, over 90 articles have
been published according to PubMed using this term
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Figure 1 Number of references in psychosomatic journals and in
medical-gastroenterological journals from 1940 to 2012, presented in
decades. PS: Psychosomatic journals; IBS-PS: Medical-gastroenterological
journals.

in reference to IBS. Throughout the years, IBS articles
have been published in both psychosomatic journals
as well as in medical-gastroenterological journals
(Figure 1). The search terms used were IBS/irritable
bowel*/psychosomatic*(PS) and IBS/irritable bowel*psychosomatic* (IBS-PS), published from 1940-1949
through 2010-2012. The number of articles from
medical-gastroenterological journals outnumbers
those from psychosomatic journals. Throughout the
literature, two views emerge; one is the medical view
of IBS as a strict disease of the gastrointestinal tract,
while the other is the psychosomatic/biopsychosocial
view in which IBS is seen as a more complex multisymptomatic disorder. Ålander and others suggest
that IBS causes an increased demand on healthcare
due to increased overall co-morbidity, thus requiring a
more holistic approach to understand the underlying
[21,29,34]
mechanisms and develop effective treatments
.

Associated conditions

Substantial evidence exists that IBS shares many
features with other syndromes such as fibromyalgia,
chronic fatigue syndrome, somatoform disorders, and
[35,36]
unexplained urological conditions
. The diagnosis
given to a patient with one of these conditions often
depends on the hallmark symptom and the expertise
of the treating clinician rather than on the condition
[32,35]
itself
.
The syndromes above have also been called
functional somatic syndromes, medically unexplained
symptoms, somatoform disorders or unexplained
clinical conditions. These syndromes are often charac
terized by a lack of a clear physical or biological
aetiology or an inconsistent demonstration of labora
[32,35,36]
tory abnormalities
. It has been suggested
that these conditions should be gathered under one
common name, such as bodily distress syndrome,
central sensitivity syndrome, or dysfunctional syn
[36,37]
drome
. These patients are likely to consult primary
health care as well as different specialty departments
at the hospital.

WJG|www.wjgnet.com

Within the past decade there has been increasing
evidence supporting the concept of IBS as a multi[35,38,39]
symptomatic disorder of brain-gut function
. The
brain and the enteric nervous system communicate
through the autonomic nervous system (ANS) and the
[40]
hypothalamic-pituitary-gut axis . This communication
allows stressors in the brain to influence gut function
(top-down) and stressors in the gut to influence the
brain (bottom-up). This bidirectional signalling can
result in the dysregulation of the autonomic nervous
system, which may play an important role in the
[41,42]
pathophysiology of IBS
.

Top-down

An altered stress response may be involved in the
[41]
disruption and impairment of the brain and gut axis .
Research convincingly shows that unregulated stress
early in life is a serious risk factor for developing
[36,43]
various adult syndromes
; almost 80% of exposed
young adults do not meet the criteria for successful
[44]
psychosocial functioning in adulthood . Such stress
conditions occur when children are exposed to severe
situations such as physical, psychological, or sexual
[45]
abuse or family violence . The consequences of an
unmanageable event, such as a threat, are especially
serious in a person with an early vulnerability or with
a cumulative impact of negative life events. Such
persons can have an abnormal sensitivity to any
[45,46]
stimulus
. The support system in the hippocampus
is constantly prepared for new traumatic experiences,
[46]
as a sort of built-in “smoke detector” . All of this can
result in a long-term arousal of the nervous system, a
hypersensitivity to stress and various psychosomatic/
[46]
pathologic conditions in adolescence and adulthood .
Additional factors of the pathophysiology of IBS
may include significant stressful life events as an
adult or a stress reaction (fight or flight) that is
repeated over time, become conditioned, and will start
[47,48]
automatically in stressful situations
, so-called
conditioned stress.
Thus, an early vulnerability together with uncom
fortable experiences can result in complex conditions in
which emotional dysregulation, relationship problems,
[49]
somatic stress and dissociation are encountered .
When neither fight nor flight reactions (the first more
natural survival behaviours after a threat or stressor)
are possible, the so-called freeze reflex (dissociation)
may occur. Dissociation is the most severe condition
[50]
related to dysregulation of the ANS . It is important
to understand the somatic manifestations of the stress
response dissociation, as there is a close connection
between psychological and somatic dissociation (when
a patient cannot understand the messages from
[51,52]
his or her body)
. Such emotional dysregulation
may remain associated with certain regions of the
body and never reach the conscious mind. Some
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IBS patients request repeated somatic investigations
[38]
and minimize the role of psychosocial factors . This
can be explained by their unconscious and somatic
distress. Somatic dissociation results in decreased selftrust over time. This is a serious handicap in, which
a patient’s resources are completely exhausted; this
can lead to burn-out syndrome without the patient’s
[47,48]
awareness
.
Various emotions play key roles in altering
autonomic and endocrine function, which in turn may
[41]
derange the emotional circuitry . The invalidation of
emotional experiences as well as difficulty expressing
and recognizing emotions (alexithymia) are often
[49]
observed in IBS patients . Gut function and pain
sensation are centrally regulated by the emotions and
[40]
the degree of awareness of the body’s symptoms .
Thus the degree of the patient’s body awareness is
crucial. Long-term stress with distress, altered muscle
tensions and repression of impulses can affect the
ability to pay attention to the body and thus act on a
[53]
person’s body awareness . Impaired body awareness
has proven to be one cause of stress-related ill[54,55]
health
.

Bottom-up

Gastrointestinal microbial composition can be altered
by infections, inflammations, diet or abdominal
[9,41]
surgery
. All of these can affect different systems in
the intestine. Several pathophysiological mechanisms,
including visceral hypersensitivity, GI motility dys
function, intestinal inflammation, altered bowel
microbial flora, and imbalance in the secretion of
5-hydroxytryptamine (5HT) have previously been
[5]
reported .

Complexity

ANS dysregulation may, as mentioned above, occur
by at least two different ways with alterations in many
physiological reactions. A very complex interaction
between factors may exist, and therefore trigger(s)
of IBS syndrome can vary between patients. An
imbalance in the ANS is seen in IBS but also in
fibromyalgia, chronic fatigue syndrome and in
interstitial cystitis. This raises the possibility that ANS
dysfunction and/or chronic stress may be the common
[56-59]
underlying pathogenesis
. Chronic on-going life
[36,58]
stress can predict the development of IBS
, and
patients may experience symptoms up to 5-13 years
[60]
prior to diagnosis . Consequently, re-establishing
balance in the ANS should be one important approach
[38]
in the treatment of IBS .

ASSESSMENT BEFORE TREATMENT
Many authors emphasize the importance of a
thorough examination of IBS patients with their
many symptoms after excluding important somatic
[18,22,29,47,48,61]
diseases
. In our studies, IBS patients
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are assessed via two physical examinations (one
standing still and one during movement), blood
and saliva samples after completing a thorough
medical history. The patients complete questionnaires
regarding gastrointestinal symptoms, psychological
and psychosocial symptoms, and pain, dissociation,
[18,22,23]
and quality of life and body symptoms
. In
our study we found that gastrointestinal symptoms,
body-oriented examinations and the patient’s paindrawings showed mostly deviating patterns, whereas
the psychological and biochemical data were deviated
or within normal limits during assessment before
[61]
treatment . In our experience to date, none of our
more than 300 patients expressed only gastrointestinal
symptoms.

Non-pharmacological treatments

IBS is a complex syndrome and most research
concludes that the management of IBS should
rely on a combination of non-pharmacological and
pharmacological therapies as well as dietary and
lifestyle modifications. Some authors claim that
treatments involving interactions between body
and mind are the most effective and thus the most
powerful treatment strategies in IBS/body distress
[37,62,63]
patients
.
Various non-pharmacological treatment regimens
have been used for IBS, including relaxation training,
behavioural and psychological therapies, stress
management, and meditation. Furthermore, bodymind therapies such as gut-directed hypnotherapy,
mindfulness therapy, body awareness therapy
and functional relaxation have been used with
promising results both during treatment and at follow[18,22,29,64-83]
up
. Table 1 summarizes various methods
that have been used from the early 1980s until now.
Over the years, these treatments have progressed
from mostly individual to mainly group sessions;
currently, there is a trend toward prolonged treatment
sessions. The treatment modalities have also gone
from focusing either on the body or the mind to now
focusing on both. Cognitive therapies currently include
body relaxation methods together with appropriate
theories. Gut hypnotherapy adds body relaxation to
mental exercises (guided imagination). Both therapies
[81,82]
have reported responders and non-responders
.
Mindfulness therapy and body awareness therapy
consist of body movements inspired by Eastern
philosophies, with the purpose of helping the patient
[83,84]
to be present within the moment
. Physical activity,
performed as supervised graded exercise training, has
also had a positive effect on some patients with body
[36]
distress syndromes such as fibromyalgia . The ANS
is reported to be influenced by breathing exercises and
also by the use of movements such as Qigong, Tai Chi
[48,60]
and yoga
.
Gut directed hypnotherapy: Relies on inducing
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The key aspects of mindfulness are to observe
without reacting to internal sensations and to pay
emotionally neutral attention to all experiences,
[80]
impressions, thoughts and feelings . It is also
important to be fully present in all activities and
have a non-judgmental approach to life experiences.
Adaption of this practice to an IBS population was
done by emphasizing the relevance of mindfulness in
coping with IBS-related symptoms and perceptions.
Participants are instructed to notice any sensations in
the abdominal area and to distinguish those sensations
from thoughts about the sensations. Instruction and
homework assignments are related to body scan,
[80]
sitting and walking meditation, and mindful yoga .

Table 1 Overview of different non-pharmacological
treatments for IBS patients
Ref/year

Treatment modalities

Stress management
[66]/1987

[67]/1991
Relaxation
[68]/1993
[77]/2007

PMR, thermal biofeedback, education,
training in stress coping strategies, home
practice, individual treatment
Relaxation exercises (PMR), stress theory,
individual treatment
PMR, home practice, individual treatment
PMR, home practice (audio tape), small
group treatment

Meditation
[71]/2001

Relaxation response meditation, homework,
individual treatment
Cognitive behaviour therapy
[69]/2000
Cognitive education, PMR, isometric
relaxation, home practice (audio tape),
individual treatment
[70]/2000
Cognitive education, PMR, training
assertiveness and coping strategies,
individual treatment
[73]/2003
Biopsychosocial IBS theory, stress theory,
homework, group treatment
[75]/2006
Psychoeducational theory, IBS theory, stress
coping, homework diary, group treatment
Functional relaxation
[79]/2010
For explanation se body text, small group
Mindfulness
[80]/2011
Mindfulness stress reduction program
specialized to IBS, i.e., mindfulness training +
cognitive behaviour theory, group treatment
[82]/2013
Mindfulness stress reduction with cognitive
therapy program better than unspecified
mindfulness alone, group treatment
Hypnotherapy
[64]/1984, [65]/1987,
Hypnosis and PMR, audiotape daily,
[74]/2005
individual treatment
[72]/2002
Hypnosis and PMR, audiotape daily,
individual treatment
[76]/2006
Guided imagery, PMR, individual treatment
[81]/2012
Hypnosis and PMR, audiotape daily,
individual treatment
Body awareness therapy
[18]/2002
Body awareness training, psychosomatic
theory, IBS theory, group treatment
[22]/2007
Body awareness training, psychosomatic
theory, IBS theory, group treatment
PMR: Progressive muscle relaxation; IBS: Irritable bowel syndrome.

a state of relaxation or trance (altered attention in
the subject) in response to verbal or other stimuli,
with suggestions for improvement made based on
[85]
whatever condition is being treated . The patient is
taught relaxation, ego strengthening and coping skills.
Tailoring the therapy to the patient’s symptomatology
is very important. The importance of practice cannot
be over-emphasized and should ideally take place on a
daily basis. It is often necessary to provide 12 sessions
of treatment to gain maximum benefit. According to
the author, this is a technique that is exceptionally
[85]
operator-dependent .
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Body awareness therapy: Body awareness therapy
(BAT™) consists of simple structured movement
exercises based on human anatomical and physiological
prerequisites to achieve optimal movement dyna
[54,55,84]
mics
. The BAT™ exercises aim to help the body
find its natural posture, thus facilitating the circulatory,
muscular, nervous and breathing systems to recover
their natural function. By doing so, unconscious
physical and psychological experiences will be brought
into awareness and can be dealt with both physically,
mentally and verbally. BAT™ was developed by
Swedish physiotherapists in the early seventies, and it
is now used for treatment of various pain and stressrelated conditions in all Nordic countries, as well as in
Scotland, Switzerland, Austria, the Netherlands, Spain
[84]
and Turkey .
The assumed mechanism of functional relaxation is
the treatment of somatoform autonomic dysfunction
[79]
with proprioception . Very subtle movements of
small joints are performed during relaxed expiration,
which is accompanied by focusing on and exploring
the perceived differences in body sensations triggered
by these movements. This takes unconscious physical/
psychological experiences into account and, as basic
motivational systems are rediscovered and further
developed, early forms of bodily self-awareness can be
re-experienced.
One common goal of these four methods is to learn
how to be aware in the present, to be in the here and
now. The posture, breathing, and level of muscular
tension together with the function and mobility of the
inner organs are affected by body-mind training. Bodily
experiences always exist within the present, awareness
of emotions is inseparable from the consciousness
of their bodily expressions and together, all of these
express how a person feels physically and mentally. In
this way, body-mind therapies are assumed to work
through a physiological transformation accomplished
[53,84]
via the autonomic nervous system
. Although the
methods differ slightly in how they are addressed,
either through the mind (hypnotherapy and mind
fulness) or through the body (body awareness therapy
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and functional relaxation), the treatment results are
similar.

Aspects of performing body-mind therapies

Hypnotherapy has been used in IBS patients with good
[64]
results since Whorwell et al
introduced it in 1984.
Hypnotherapy has been used mostly with gut-directed
therapy and mostly on an individual basis; patients
are given an audio-tape for homework. However,
[85]
according to Whorwell et al , 2006, it is a labourintensive modality with a finite success rate and is
not suitable for everyone. He suggests that it is best
incorporated into a program of graduated care that
has a contingency plan for dealing with individuals who
[74]
do not respond to this particular form of treatment .
Improvement in symptoms with hypnotherapy is
largely sustained, although some patients may
require occasional “top-up” sessions to maintain their
[74]
improvement . Carolusson and her team also used
individually tailored techniques but included both
gut-oriented hypnotherapy and hypnoanalysis either
[29]
separately or in combination . The author conclude
that the hypnosis treatment has to be designed
depending on the patients’ personality and possible
mental defence-functions in relation to the symptoms
[29]
as well as the patients’ mental and social resources .
When treating patients with body awareness
therapy in a group, one has to emphasize that each
person concentrate on and listen to her own body and
not to carry out any movement that does not apply to
her. In allowing the body, and not the mind, to do what
[54,55]
it wants, one can find a way out of pain
. The ability
to listen to the body might be severely impaired in
patients at the beginning of treatment. By suggesting
that patients try different ways of performing an
exercise, the therapist(s) can help the patients find
[18,22,55]
what is comfortable for them
. A good working
alliance and safety in the treatment situation are
[47,48,61,86]
important for change to take place
.
When treating IBS patients with a tendency to
dissociate, the therapist must be careful not to revictimise the patient and thus risk the patient dropping
[86]
out . By noticing early warning signs for dissociation
and with careful guidance, the patients will learn
how to build a trusting relationship with themselves
and others, to maintain a psychological as well as a
physical integrity (maintaining boundaries) and to
gradually find words to describe the body’s signals and
sensations. Thus, with increasing body awareness,
the patients learn how to stabilize themselves when
[47,48,61]
emotional systems are aroused
. To first perceive
the body and then to connect the sensations in the
body with a certain sense or emotion is crucial for the
[22,61,84,87]
treatment to be effective
. The patient may
express after several treatments: “Before I just had a
stomach ache, but now it is like that just before I get
pain, I feel angry”.
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Duration of body-mind treatment

[18,22,29,61]

The length of treatment can be crucial
. A
short treatment duration is not always sufficient for all
patients; some can be left behind as they display more
[18,22,29,61]
symptoms
. In our studies, we have found that
[61]
there can be different patient treatment processes .
IBS patients grade themselves on different symptom
questionnaires, and body and biochemical parameters
are assessed; the process can be determined by
these parameters. For example, one patient estimated
high levels of symptoms before treatment that were
reduced after treatment. Another patient who started
out by estimating low levels before treatment scored
higher at 12 wk and then lower again at 24 wk. This
patient probably needed more time to become aware
of bodily sensations, and thus “underestimated” the
levels before the treatment start. A third patient may
score increasing symptoms during the entire treatment
period. This is an example of a patient who started out
with a very low body awareness, whose experiences
have been out of reach in the body and slowly
emerged to awareness during treatment. Hence,
treatment of this patient should not be concluded until
[22,29]
the symptoms decrease
.
In another study, some patients’ symptoms worsened
[29]
after 12 wk with 1-h treatments each week . Some
authors suggest that a treatment period of 12 wk
was not long enough to achieve deep, long lasting
[29,37]
improvements
. Treatment can potentially uncover
denied or dissociated suffering, leading to a period
[29]
that can be painful, sad, and heavy for the patient .
In our studies (24 wk with 2 h weekly) we have found
that these periods mostly occur between 8 and 12
[18,22,61]
wk of treatment for most of the patients
. In
[72]
hypnotherapy, Gonsalkorale et al showed that males
with D-IBS showed lower results with hypnotherapy at
12 wk of treatment than did females. We found that
12 wk of treatment with body awareness therapy was
not enough for D-IBS patients, who needed 24 wk,
and that these patients showed lower body awareness
[18,22]
at their first assessment
. Our theory was that they
needed 12 wk to increase their body awareness and
[18,22]
then the rest of the treatment time to restore it
.
One study noted that although the treatment reduced
distress such as anxiety and depression, it did not
[70]
affect gastrointestinal symptoms . In our experience,
reduction of the distress occurs prior to the reduction
[61]
of gastrointestinal symptoms .

Working relationship between patient and therapist

A number of authors emphasize the importance of
a good working treatment relationship between the
[38,70,74,88,89]
patient and the clinician/therapist
. The
therapists need to learn how to create practicable
[48]
channels of contact . A person with a cognitive
orientation wants to obtain a theoretically plausible
explanation of her problems in order to feel secure.
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A person with alexithymia traits, who does not have
words for emotions and cannot express them, needs
to be confident with her body and increase her
body awareness. A person with a vivid and colourful
imagination is probably susceptible to exercises that
include mental visualization. An optimal treatment
[47,48]
plan should comprise all of these components
.A
treatment structure with body awareness movements
integrated with theory and reflections may be one
[18,22,61]
appropriate treatment design
. For example, to
a traumatized person, a description of trauma and
its effects on the body can provide an explanation for
the inexplicable symptoms she experiences. A patient
may say, “When I come home to mom’s street, I felt
that something bad had happened here, but I do not
know what it is”. Another patient may allow herself to
remember the terrible things that happened during her
early years and finally put it into words. Histories of
[38]
abuse are not always volunteered by patients .

Results of body-mind treatment

Many studies have shown that the patients’ gas
trointestinal symptoms and the extra-intestinal
manifestations improve along with increased body
awareness. This is in sharp contrast to pharmacological
approaches, in which often relatively few symptoms
[72]
resolve . Patients develop better relationships
with their own body and with life around them. As
exemplified by one patient; ”I can now notice how I
am sitting, standing and walking, if I am anxious or
relaxed and also that feelings quickly transmit to the
stomach”. The patients change from feeling controlled
by their gut and their symptoms to feeling safer and
able to handle different situations in life, both physically
and mentally. They may say, “I now recognize when
the stress in the body speeds up and can stop in time”.
Patients with gastroenterological problems can affect
their symptoms with suitable exercises: “I have great
use of the exercises that I learned at our meetings; I
practice them daily and have now only minor phases
[61]
of pain from my diverticulitis” .
In our studies, the leaders noted recurring indications
during treatment that patients became more relaxed and
more grounded. We observed, for example, decreased
facial tension and better balance in movement. The
patients developed a better relationship with their own
bodies, which, among other things, was noticeable
when they found it easier to relate to their own body
and expressed more positive opinions about it. The
patients also scored lower levels of psychological
symptoms such as depression, obsession, anxiety,
anger and phobias after treatment. As the patients
became more aware of their symptoms, they could
improve their body awareness and their symptoms
decreased. In the group situation, the changes were
also reflected. For example, patients who were silent
earlier became more confident and started talking
more in the group, and those who had not previously
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taken part in pair exercises now participated. They
also showed more assertiveness and self-esteem,
expressed as: “I have noticed, that I am more clear
with how I would like to have it, I stand up for myself,
and I get a greater response”. Some patients reported
that they had stopped dwelling on injustices from the
[61]
past and could release these and move on .

DISCUSSION
[30]

Many authors, including Collins et al in 1948, Bargen
[31]
[33]
et al in 1956 and Enck et al in 2008, stressed that
IBS is a complicated condition with both physiologic
and psychological factors involved in the pathogenesis.
[72]
According to Gonsalkorale et al
in 2002, IBS has
gained the reputation of being somewhat unrewarding
to treat. As a consequence, physicians are inclined
to adopt the approach of ensuring that there is
nothing “seriously wrong” by a process of thorough
investigation but not necessarily offering help in
terms of how to cope with the condition. Many of
the patients, especially the severe cases, have lost
their confidence and feel like “failures” with no hope
[61,72]
when they come to an assessment
. Because
IBS patients also exhibit a variety of symptoms, they
find it difficult to “fit in” within the normal health
care system with its high degree of specialization.
For example, within the field of gastroenterology,
hospitals may have different departments for the
upper and lower gastrointestinal tract. This involves a
great risk that patients with multiple symptoms and
multiple diagnoses may fall in between categories, and
that their treatment will be inadequate. However, by
adopting a graduated treatment program with a team
approach to management, extremely high levels of
satisfaction in patients and fulfilment in staff can be
[72]
achieved .
The key to effective treatment strategies for these
multi-symptomatic IBS patients is to understand the
heterogeneity of the disorder. A pathophysiological
explanation may be that ANS dysregulation occurs
due to conditioned chronic stress or emotional stress
(traumas) experienced early in life or later on. The
emergence of ANS dysregulation may also be caused
by a straightforward effect on the gut. Thus, a question
may arise as to whether we can give these different
types of IBS patients the same non-pharmacological
treatment, or if we should differentiate the treatment
for different types of IBS. One study has shown
that approximately 25 percent of patients repressed
somatised psychological problems and needed insight
oriented hypnotherapy in addition to gut-directed
[29]
treatment . Similar proportions have been reported
[88,89]
by others
.
A comprehensive body examination can give us a
hint about the non-pharmacological treatment duration
needed for a patient to improve. When IBS patients
are either treated too briefly or with a treatment that
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is not optimal, the patient may experience relief from
some symptoms, but the underlying distress present
in quite a few of these patients will remain untreated
and can be replaced by other symptoms (known as
[29]
symptom shift) . The risk is that their underlying
problems will be expressed in new ways, and that
the patients will therefore seek treatment elsewhere
without ever understanding their internal body[29]
mind communication . It is the opinion of many
authors that treatment should be carefully chosen
after a thorough examination of each patient and that
[21,72,85]
treatment should target all of the symptoms
.
Those patients who need longer treatment dura
tions may be patients defined as non-responders,
males with D-IBS or those who have severe social
stress; these factors are likely to detract from the
[85]
efficacy of the treatment . One suggestion for the
lack of improvement in males with diarrhoea was that
they had somewhat lower hypnotic or imaginative
[85]
abilities compared to females . Another possible
cause for the lack of improvement could be that these
males with D-IBS had lower body awareness from the
beginning. We know that D-IBS patients with lower
[18,22]
body awareness have prolonged recovery times
.
However, the results in that study did not separate
men and women because of the low number of men
enrolled.
Some patients will experience relief from some
symptoms but not always the gastrointestinal sym
ptoms first. Hypnotherapy, body awareness therapy
and mindfulness treatment will almost certainly
improve their coping skills in life situations. It is
unclear whether these body-mind therapies such as
hypnotherapy (guided imagery), mindfulness and
body awareness therapy have something in common
[89]
or are separate entities . These methods involve the
body by relaxing the muscles or by normalizing muscle
tension, and they also emphasize the importance of
being present in the moment. Only in the present one
can access and influence the experience and behaviour
patterns of the body/mind, which are established in
[90]
the nervous system . A plausible consequence of
this is that consciousness of the “here and now” is
essential for changing processes and should be the
[90]
focus of therapy from the beginning . The patients
must first become aware of the present moment and
the elements of their experiences of both the body
and the emotional sphere in its entirety. Then, they
understand that they need to learn to react differently
to alarming situations that otherwise can be made
worse by their response to it. This educational process
is one part of the therapeutic package together with
body awareness. The technique can thus be used to
control symptoms and to reduce psychological distress
[61,90]
and improve coping skills
.
There is a general consensus that the health
problems that will dominate in the future are psy
[91]
chosomatic or psychosocial disorders or diseases .
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It has also been suggested that in the public medical
service one cannot make use of the same diagnosis
and treatment that is used for welfare diseases.
This should cause us great concern, and we need a
new approach for these patients. Good teamwork is
important during this new approach to treat multisymptom patients. Therapists should be encouraged
to discuss IBS cases with each other and also with the
physicians included in the team to ensure that any real
or potential medical problem that may arise can be
[61,85]
promptly resolved
.

CONCLUSION
The pathophysiology of IBS syndrome likely depends
on autonomic dysfunctions that can affect the patient
both “top-down” (from the brain to the gut) and
“bottom-up” (from the gut to the brain), leading
to multiple symptoms such as increased intestinal
sensitivity and motility dysfunction. In addition,
psychological distress enhances these symptoms.
The key to planning effective management strategies
is to understand the heterogeneity of this disorder.
Thus, treatment should be focused on a body-mind
intervention directed by a good assessment survey
of the individual patient both by a gastroenterologist
and a body-mind therapist. The duration of the treat
ment should be adjusted according the needs of the
individual patient.
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Abstract
Microbiota in human alimentary tract plays important
roles for homeostatic maintenance of the body.
Compositional difference of gut microbiota is tightly
associated with susceptibility of many diseases,
including inflammatory diseases, obesity, diabetes
mellitus, cancer, and atherosclerosis. “Dysbiosis”
refers to a state of imbalance among the colonies of
microorganisms within the body, which brings abnormal
increase of specific minor components and decrease in
the normally dominant species. Since stomach secrets
strong acid for its digestive role, this organ has long
been thought a sterile organ. However, the discovery
of Helicobacter pylori (H. pylori ) has changed the
concept. This bacterium has proven to cause gastritis,
peptic ulcer, and gastric cancer. However, recent
cross-sectional studies revealed that H. pylori carriers
had a decreased risk of developing immunological
diseases, such as asthma. H. pylori coinfection also
suppresses inflammatory bowel diseases. This review
describes human gastric microbiota by discussing its
mutual interaction and pathogenic enrollment. Gastric
“dysbiosis” may affect host inflammatory response and
play important role for gastric pathogenesis. We will
topically discuss enrollment of dysbiosis for genesis of
gastric cancer as well as for disruption of immunological
homeostasis affecting oncogenic resistance.
Key words: Stomach; Microbiota; Dysbiosis; Helicobacter

pylori ; Epstein-Barr virus

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The imbalance of microflora in the gut
induces dysbiosis. Altered gut microflora is known to
be associated with inflammatory diseases, obesity,
diabetes, cancer, and atherosclerosis. Little is known
about gastric microflora, which will also interacts
with bacteria, viruses and funguses. In this review,
we discuss that dysbiosis in the stomach may disrupt
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immunological homeostasis, reduce of carcinogenic
resistance, and induce gastric cancer.
Iizasa H, Ishihara S, Richardo T, Kanehiro Y, Yoshiyama H.
Dysbiotic infection in the stomach. World J Gastroenterol 2015;
21(40): 11450-11457 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i40/11450.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i40.11450

INTRODUCTION
Various microbes, from commensal to pathogenic,
reside in the human body. Not only they are interacting
with their host, but also these different microorganisms
(bacteria, yeast, viruses, parasites, etc.) are interacting
with each other. This interaction sometimes causes
dysbiosis, which refers to microbial imbalance inside
the body. Dysbiosis in the digestive tract sometimes
[1]
exacerbate bowel disease .
Microbial colonies found in human body are normally
beneficial, but are parasitic, commensal, or symbiotic.
These appropriately sized microbial colonies assist
necessary functions in digestion. The beneficial bacterial
colonies also protect the body from the penetration of
pathogenic microbes by competing with pathogens
for space and nutrition. Dysbiosis in bacteria refers to
increased levels of harmful bacteria and reduced levels
of the beneficial bacteria.
The microbial interaction also occurs between
bacterium and other microbes, such as virus and
fungus. Bacteria and viruses residing together
can work sometimes synergistically to enhance
pathogenesis. Gene expression of viruses showing
latent infection, such as Kaposi’s sarcoma-associated
herpesvirus, Epstein-Barr virus (EBV), and HIV, is
influenced by epigenetic modifications induced by
[2]
bacteria . Latent infection of these viruses can be
disrupted by bacterial products and viral production
will be reactivated (Figure 1). In HIV-positive persons,
immunosuppression promotes growth of other
opportunistic organisms that contributes progression
of acquired immune deficiency syndrome (AIDS).
In addition, bacterium-virus interactions should be
involved in oncogenic process. Both Helicobacter pylori
(H. pylori) and EBV are associated with gastric cancer,
[3,4]
respectively
. Since H. pylori spreads in many
human populations and its roles for stomach cancer
development is well accepted. Infection of EBV into
gastric epitherial cells also develops gastric cancer in
fewer than 10% of total cases, which often associates
with lymphoplasmacytic infiltrate.
This paper will be focused on dysbiotic infection
in the stomach. Although not as many as lower
alimentary tract, some microbes reside in the stomach.
Some are derived from dietary intake, others are from
oral, nasopharyngeal, and tracheal swallows. Duodenal
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reflux will also bring microbes to the stomach.
Dysbiosis in the stomach will bring imbalance to
immunological homeostasis, which may take some
part in inflammatory response and will be involved
with pathogenesis. The effects of coexisting bacterialbacterial and bacterial-viral coinfections should be
considered for pathogenesis of gastric diseases.

GASTRIC ACIDITY, H. PYLORI, AND
OTHER BACTERIA
The gastric juice represents a barrier to microbes
in saliva and ingested food, mostly due to the
[5]
degenerative activity of hydrochloric acid . If this
bactericidal activity is weakened by an elevation of
gastric pH, microbes will be allowed to survive in the
stomach. It is reported that 80% of healthy subjects
between 80 to 91 years old showed hypochlorhydria
5
8
with pH 6.6. These people posessed 10 to 10 colony
forming units per ml of bacteria in fasting gastric
[6]
aspirate . The strong association between diminished
gastric acid secretion and the presence of opportunistic
enteric pathogens was clearly observed in AIDS
[7]
patients . The gastric barrier to infection has more
significant meaning to hosts of whom immunological
defense is weakened.
We showed when H. pylori was mixed with an
acid resistant isolate of Kingella denitrificans (K.
denitrificans), a commensal of the human respiratory
tract, survival of H. pylori in acidic condition was
increased compared with the single culture of H.
[8]
pylori . Binding of the acid resistant K. denitrificans
with H. pylori seemingly coated the bacterial body
to allow survival of H. pylori in the acidic condition.
Another studies have revealed that commensal and
foreign microbes may interact intimately with gut
epithelium to influence host signaling pathways
[9,10]
that regulate metabolic and stress responses
.
The colonization of commensal microbes in gastric
epithelium may affect the carcinogenic potentials of
H. pylori by modulating CagA-mediated regulation of
oncogenic signals.

GASTRIC MICROBIOTA
Thick mucus layer, acidic gastric juice and peristaltic
movement in the stomach have raised the dogma that
“the stomach is a sterile organ”. However, the dogma
quickly changes after the discovery of Campylobacter
pyloridis in 1982, which is renamed into H. pylori
[11]
in 1984 . H. pylori can colonise the stomach by
producing urease to survive under acidic condition.
Soon after the discovery of H. pylori, another type
of bacteria such as Vellomella, Lactobacillus and
Clostridium are found as transient bacteria that reside
[12]
in the stomach . However, the ability of the transient
bacteria to crosslink with the host and penetrate the
mucosa layer is drawing people’s attention.
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Figure 1 Epigenetic modifications to promoters. Epigenetic modifications to viral or cellular promoters regulate expression of human and viral genes. Bacterial
products and or proinflammatory cytokines activate epigenetic marks on viral or cellular promoters, which can promote viral production as well as stimulate the
transcription of viral oncogenes. These epigenetic modifiers also stimulate cellular proliferation. The reactivation of a latent virus results not only production of virion,
but also may drive cellular transformation.

Recently, the development of culture-independent
molecular technologies based on 16s rRNA has
revealed that five abundant genera microbiota
other than H. pylori reside in the stomach. They are
Neisseria, Haemophilus, Prevotella, Streptococcus, and
[13-16]
Porphyromonas
.
Dysbiosis of the gastric microbiota has been
implicated in immune system regulation and enhancing
disease symptoms. Several researchers showed the
gastric microbiota arose from patients infected with
[17,18]
H. pylori are different from uninfected people
.
[19]
Osaki et al
also described the prolonged exposure
to H. pylori infection has altered the composition of
the microbiota in rodent stomachs. These findings
suggested an interaction between H. pylori and the
[8]
gastric microbial community . Though the mechanism
of H. pylori in altering the gastric microbiota remains
unclear, possible explanation is that the induction of
[20]
host antimicrobial peptides, such as β-defensin 2
or cecropin-like peptide, may directly kill another
[21]
microbiota .
All of these findings had shed a light that dysbiosis
of gastric microbiota might related to the susceptibility
to gastric inflammation and tumorigenicity in patients
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with H. pylori infection. H. pylori infection also initiate
the inflammatory cascades that induce physiological
changes that reduces the gastric secretion from parietal
cells and elevation of pH in the stomach. The elevation
of pH eventually resulted in the colonisation of another
[22-25]
microrganisms in the stomach
. Engstrand et
[26]
al
reported that gastric cancer development may
related to the alteration of gastric microbiota. The
commensal microbes can communicate with dysbiotic
pathogens such as Salmonella typhimurium that have
the ability to alter gastrointestinal homeostasis to
pathogenic inflammation. However, it should be further
investigated whether infections with commensals
are associated with the susceptibility to gastric
inflammation and tumorigenicity in patients with H.
pylori infection.

INFECTION AND GASTRIC CANCER
H. pylori is a primary causative agent not only for
peptic ulcer diseases and chronic gastritis, but also
for gastric cancer. Other than H. pylori, EBV is also
known to cause gastric cancer. EBV-associated gastric
carcinoma (EBVaGC) comprises about 10% of all
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[27,28]

gastric carcinomas worldwide
. H. pylori infection
has been linked to CpG hypermethylation of tumor
suppressor genes, including Runx3, E-cadherin,
[29-32]
and p16
. EBV infection was correlated with
overexpression of DNA methyltransferase 1 in gastric
[33]
cancers . And EBVaGCs have a unique pattern of
methylation linked to the downregulation of p16 but
[34,35]
not MLH1
. High methylation frequencies of several
tumor suppressor genes, APC, PTEN, and RASSF1A,
and cell adhesion molecules, THBS1 and E-cadherin,
were also reported in EBVaGC. The posttranscriptional
modification might change the epithelial phenotype,
important for generating gastric microbial niche,
however, it is too early to discuss effect of such
alteration for gastric microbiota. On the other hand,
several reports describe synergy between H. pylori and
EBV for the genesis of gastric cancer. Firstly, individuals
co-infected with H. pylori and EBV significantly
possessed severe inflammatory lesions than persons
[36]
with a single H. pylori infection . It has also been
shown that H. pylori infection was associated with
[37]
EBV reactivation in patients with gastric symptoms .
Lastly, reactivation of EBV in latently infected gastric
epithelial cells was induced by monochloramine, a
[38]
product of H.pylori infection . These observations
suggest that coinfection of the two pathogens possibly
[39,40]
heighten risk of gastric cancer
.
H. pylori-related gastritis frequently initiates in
the antrum. On the other hand, EBVaGC tumors are
frequently located near the mucosal atrophic border,
[41]
where mild to moderate atrophy is common . Both
EBV and H. pylori could be abundantly detected in
the same mucosa of patients suffering with moderate
chronic atrophic gastritis, where inflammatory cell
infiltration is abundant. However, neither microbe
could be frequently detected in the mucosa with
marked atrophic gastritis, where inflammatory cell
[34]
infiltration is scarce . The observation strongly
suggested inflammation caused by bacterial infection
might promote generation of cancer associated with
[4,35]
EBV infection
.
Gastric remnant cancer arises after distal gastrectomy
for benign disease, which includes refractory gastric
or duodenal ulcer disease and recurrent ulcer with
gastric outlet obstruction. The incidence of gastric
remnant cancer ranges from 1% to 7% of all
[42]
gastric carcinomas . Gastric remnant carcinoma is
characteristically associated with EBV infection in high
frequency (25% to 41.2%). It is considered that the
reflux of bile and pancreatic juice causes regenerative
[43]
atypia and cell proliferation in epithelial cells . In
Billroth-II anastomoses, atrophic change of remnant
gastritis is frequently accompanied by EBV-positive
[34,44]
gastric remnant carcinoma
.
EBV efficiently drives proliferation of human
primary B cells in vitro, which subsequently transforms
B cells. B-cell proliferation is also driven by ligands of
Toll-like receptors (TLRs). Proliferation of EBV-infected
B cells and their capability to interact with immune
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effector cells may be directly influenced by components
of bacteria or other microbes present at the site
[45,46]
of infection
. Oral commensal Porphyromonas
gingivalis produces butyric acid, which may reactivate
epigenetic silencing by increasing H3 and H4
[47]
acetylation . It is well known that EBV transactivator,
BZLF1 same as ZEBRA or Zta, which reactivates latent
infection of EBV to lytic replicative infection, can be
induced by treatment of latently EBV-infected cells
[48]
with butyric acid . These reports suggest dysbiotic
bacterial infection activates latently infected viruses,
which exacerbate microbial infection (Figure 2). These
observations strongly remind us of the idea that cancer
associated with inflammation.

POST-INFECTIOUS IMMUNE-DISORDER
IN UPPER GASTROINTESTINAL TRACT
Infection and immune dysregulation in intestinal tract

Exposure to acute gastrointestinal infection induces
persistent low grade mucosal inflammation, which
sometimes leads to onset of post-infectious irritable
[49-53]
bowel syndrome (PI-IBS)
. Organisms such as
Campylobacter, Salmonella, Escherichia coli (E. coli),
and Shigella are common pathogens involved in the
development of PI-IBS. Immune disorders found in PIIBS patients are characterized by mucosal infiltration
of immune cells, including macrophages, T cells, mast
cells, and eosinophils, as well as increased production
[49,50,52,54-58]
of various cytokines
. TLR-dependent innate
immunity is also activated along with persistent low
grade gut inflammation following acute gastroenteritis
(AGE), which may be associated with dysbiosis of gut
[59-62]
microbiota
.

Functional disorders following AGE in upper
gastrointestinal tract

Functional dyspepsia (FD), a main functional disorder
in the upper gastrointestinal tract, can also develop
in previously asymptomatic individuals following an
episode of microbial infection-related AGE. This type
of FD is currently recognized as post-infectious FD (PI[63,64]
[65]
FD)
. Tack et al reported that 55 (17%) cases
from 400 FD patients had episodes of AGE, while PIFD onset was not correlated with the rate of H. pylori
infection. A prospective observational study evaluated
the incidence of FD development in patients with
Salmonella infection-induced AGE after 1 year. The
FD incidence was significantly higher in the infection
cohort (13.4%) as compared to the non-infection
[66]
cohort (2%) . The systematic review including
meta-analysis findings was performed at more than
6 months after AGE. The mean prevalence of FD
following AGE was 9.55% in adult populations. The
summary odds ratio for development of PI-FD was 2.54
[67]
(95%CI: 1.76-3.65) . The pathogens Salmonella
spp., E. coli O157, Campylobacter jejuni, Giardia
lamblia, and Norovirus have all been associated with
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Latent infection
(persistent)

Lytic infection
(productive)
Virion
(genome: 2 copies)

Figure 2 Lytic activation of Epstein-Barr virus by inflammatory product. After primary infection of EBV, the infected cells undergo prelatent cycles in which
only immediate-early and early genes are expressed with no viral production. This transient lytic state is silenced, and latent infection is persistently established by
expressing only limited numbers of latent genes. The latent infection may undergo the lytic cycle, in which viral late gene expression, viral genome replication, and
production of the progeny virus (virion) can be observed. BZLF1 is a molecular switch for EBV reactivation from latent infection. And various signaling pathways
activate cis-acting elements in the BZLF1 promoter[47,48]. Although viral latent gene such as LMP1 can also strongly expressed on lytic infection, which sometimes
promote cell proliferation by enhancing cell signaling, modulating immune system, and inducing genomic instability. oriP is a latent origin for viral genome replication.
BZLF1 is a transactivator of virus replication, which forms homodimers and binds to oriLyt, origin for EBV DNA replication in lytic infection. EBV: Epstein-Barr virus.

the development of PI-FD.

Altered populations of epithelial and mucosal immune
cells in upper gastrointestinal tract following AGE

populations of immune cells as well as serotonin
metabolism in the upper gastrointestinal tract.
However, the detailed mechanisms of PI-FD remain to
be fully clarified.

Although AGE may be one of the crucial causes in
the development of PI-FD, its pathogenesis has not
been fully investigated. AGE was shown to induce
persistent low-grade mucosal inflammation via altered
immune functions in the upper gastrointestinal tract
[68]
+
(Table 1). Kindt et al
reported aggregation of CD3
+
T cells, decrease of CD4 T cells, and increase of
+
CD68 macrophages along the muscularis mucosae
of duodenum in PI-FD patients. Increased infiltration
+
+
of CC chemokine receptor-2 /CD68 macrophages
and eosinophils in duodenal mucosa was also found in
[69]
certain populations of FD patients . The number of
mast cells and enterochromafﬁn cells in gastric mucosa
was significantly increased in PI-FD patients than
[70]
FD patients with no episodes of AGE . In addition,
increased number of mast cells and enterochromafﬁn
cells is often found in the colonic mucosa of PI-IBS
patients. Apart from bacterial and viral infections, the
incidence of PI-FD was increased in patients with a
history of parasitic Giardia infection. Moreover, the
number of cholecystokinin-producing enterochromafﬁn
cells was increased, but the number of serotoninproducing enterochromafﬁn cells was decreased in
[71]
the duodenal mucosa of giardiasis patients . The
pathogenesis of PI-FD may be influenced by altered
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Is post-infectious immune-disorder in the upper
gastrointestinal tract associated with dysbiosis?

Dysbiosis of the gut microbiota has shown to be
associated with the pathogenesis of intestinal
inflammatory and functional disorders. AGE certainly
plays an important role in the pathogenesis of
PI-FD through an immune disorder in the upper
gastrointestinal tract. However, it remains largely
unknown whether AGE directly induces dysbiosis or
only influences the process of development of PIFD. Inflammasomes regulate gut microbiota by cofunctioning with various inflammatory signals from
cytokines, such as interleukin-1β and 18, as well as
with signals from TLR-4 and TLR-9 innate immune
[72]
receptors . AGE-associated induction of dysbiosis
may be regulated by such processes, however, further
investigations are required to elucidate the role of
infection-induced dysbiosis and its association with
functional disorders in the upper gastrointestinal tract.

CONCLUSION
It has been proven recently that not only long-term
dietary intake, but also short-term dietary intake alters
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Table 1 Altered populations of epithelial and mucosal
immune cells in post-infectious functional dyspepsia patients
Ref.

Location
[68]

Kindt et al

Futagami et al[69]

[70]

Li et al

Dizdar et al[71]

Cell population

4

Changes

+

Duodenum

CD3 T cells
Aggregated
CD4+ T cells
Decreased
CD68+ cells (macrophages) Increased
Duodenum
CCR2 +/CD68+ cells
Increased
(macrophages)
Eosinophils
Increased
Stomach
Mast cells
Increased
EC cells
Increased
Duodenum EC cells (5-HT-producing) Decreased
EC cells (CCK-producing) Increased

5
6
7

EC: Enterochromafﬁn; CCR: CC chemokine receptor; 5-HT: Serotonin;
CCK: Cholecystokinin.

8

[73]

human gut microbiome . The animal-based diet
significantly increased the levels of fecal deoxycholic
concentrations, which is the product of microbial
[74]
metabolism and promotes liver cancer . Moreover,
the animal-based diet significantly increased sulphitereducing bacteria which might increase inflammation
[75]
to intestinal tissue through H2S production .
Human disease can also be developed from an
[76]
imbalance between commensal bacteria and fungi .
Candida albicans (C. albicans) extensively distributes
on human skin and mucosal surfaces, such as the
oral cavity, the gastrointestinal tract, and the lower
female reproductive tract. Because of this, the fungus
is most frequently implicated in mixed bacterial-fungal
infections. Enhancement of bacterial virulence by C.
albicans has been described in studies assessing the
virulence of mixed C. albicans and Staphylococcus
[77]
aureus infection in mice .
Bacteria, virus, fungus, and some parasites are
affecting each other to reside and propagate in human
alimentary tract. Their opportunistic imbalance often
provides illness to human beings. Our body had
better keep benign microbiota and refrain from having
dysbiotic microbiota. Though little in known, further
investigation will surely tell us the way how to keep
symbiotic relation with gastric microbiota.
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Abstract
AIM: To study all the aspects of drain management in
pancreatic surgery.
METHODS: We conducted a systematic review
according to the PRISMA guidelines. We searched the
Cochrane Central Registry of Controlled Trials, EMBASE,
Web of Science, and PubMed (MEDLINE) for relevant
articles on drain management in pancreatic surgery.
The reference lists of relevant studies were screened
to retrieve any further studies. We included all articles
that reported clinical studies on human subjects with
elective pancreatic resection and that compared various
strategies of intra-abdominal drain management, such
as drain vs no drain, selective drain use, early vs late
drain extraction, and the use of different types of
drains.
RESULTS: A total of 19 studies concerned with drain
management in pancreatic surgery involving 4194
patients were selected for this systematic review. We
included studies analyzing the outcomes of pancreatic
resection with and without intra-abdominal drains,
studies comparing early vs late drain removal and
studies analyzing different types of drains. The majority
of the studies reporting equal or superior results for
pancreatic resection without drains were retrospective
and observational with significant selection bias. One
recent randomized trial reported higher postoperative
morbidity and mortality with routine omission of intraabdominal drains. With respect to the timing of drain
removal, all of the included studies reported superior
results with early drain removal. Regarding the various
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types of drains, there is insufficient evidence to
determine which type of drain is more suitable following
pancreatic resection.
CONCLUSION: The prophylactic use of drains remains
controversial. When drains are used, early removal is
recommended. Further trials comparing types of drains
are ongoing.
Key words: Pancreas; Pancreatic resection; Pancrea
tectomy; Drainage; Pancreatic fistula
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This systematic review updates our current
knowledge on the management of intra-abdominal
drains in pancreatic surgery. Regarding the prophylactic
use of intra-abdominal drains, current studies do not
lead to definite conclusions whether routine drainage
should or should not be advocated. When drains are
used, early removal is recommended. There is not
enough evidence regarding the type of drain. A new
randomized controlled study is currently underway
which aims to compare the closed suction drain vs the
passive closed gravity drain.
Čečka F, Loveček M, Jon B, Skalický P, Šubrt Z, Neoral
Č, Ferko A. Intra-abdominal drainage following pancreatic
resection: A systematic review. World J Gastroenterol 2015;
21(40): 11458-11468 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i40/11458.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i40.11458

INTRODUCTION
High morbidity is a continuing concern in modern
pancreatic surgery, with postoperative pancreatic
[1-3]
fistula (POPF) being the most ominous complication .
POPF is not a life-threatening condition in most
cases, but nevertheless, it prolongs the hospital
stay, increases the cost of the treatment, and delays
[4]
adjuvant therapy in malignant disease . The rate of
POPF is reported to be in the range of 10%-30% in the
[1,2,5]
majority of papers
. As POPF has significant clinical
and economic consequences, attention has focused on
lowering the POPF rate.
Several methods have been studied in the past
in order to lower the pancreatic fistula rate, including
[6,7]
pharmacological prophylaxis with octreotide
and
various technical modifications of pancreatic remnant
[8]
management after pancreaticoduodenectomy (PD)
[9,10]
and after distal pancreatectomy (DP)
. However, the
use of octreotide remains controversial, and none of
the studied techniques proved to be superior.
In recent years, the issue of placement and manage
ment of intra-abdominal drains following pancreatic
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resection has attracted attention and is currently
[11-17]
widely discussed
. The placement of prophylactic
intra-abdominal drains has been common practice
th
since the 19 century. The rationale for inserting intraabdominal drains following resection was that the
drains were thought to evacuate blood, bile, pancreatic
juice and other fluids that may accumulate after
[18]
surgery . The drains were also thought to allow for
early identification of postoperative complications,
such as anastomotic dehiscence or early hemorrhage.
Moreover, prophylactic intra-abdominal drainage was
supposed to avoid the need for additional interventions
for intra-abdominal collections by creating a controlled
[18-24]
pancreatic fistula
.
However, the controversy over drain placement
in acute as well as elective surgeries has persisted
[25]
since the beginning of modern surgery . Many
recent studies show that the use of drains might not
be beneficial for patients after abdominal surgery
(appendectomy, cholecystectomy, hepatectomy,
[26-31]
colectomy, gastrectomy)
. In fact, the use of
drains might be even harmful for the patient, as they
can slow down recovery and the restoration of bowel
movements, and further prolong the hospital stay;
drains may even cause postoperative complications
such as retrograde intra-abdominal infection, and
[15,30]
hollow organ perforation
. This might be the result
of an artificial access to the peritoneal cavity, the
inflammatory response to the drain as a foreign body,
increased pain due to the drain, or the loss of fluid
[20]
and electrolytes . The standard use of drains also
interferes with attempts to accelerate recovery through
[32]
ERAS (enhanced recovery after surgery) programs .
Pancreatic surgery is different from the surgery of
[20]
hollow organs . In contrast to enteric anastomosis
dehiscence, which often presents with pneumoperitoneum
[33]
and frequently causes peritonitis , a pancreatic leak
is more frequent, but the clinical course is not usually
[2]
as dramatic . Pancreatic leak or pancreatic fistula
can be easily diagnosed by analyzing the amylase
[34]
concentration in the drain effluent . However, the
amylase concentration is increased in the majority of
patients on the first postoperative day, even in those
patients who will not develop a pancreatic fistula in
their postoperative course; this implies that, in the
majority of patients, the pancreatic anastomosis is not
[35]
“water-tight” .
Management of intra-abdominal drains has become
an important issue in modern pancreatic surgery,
as previous studies found that the management
of intra-abdominal drains can influence the rate
[18,20,36-38]
of postoperative complications
. Recent
systematic reviews and meta-analyses have focused
on the routine usage of drains following elective
[20-22,24]
pancreatic resection
. However, there are
additional issues to address regarding the use of intraabdominal drainage following pancreatic surgery, such
as the timing of drain removal and the type of drain.
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For this reason we carried out a systematic review of
studies dealing with all aspects of drain management
in pancreatic surgery.

MATERIALS AND METHODS
Search strategy and study selection

We searched the Cochrane Central Registry of
Controlled Trials, EMBASE, Web of Science, and
PubMed (MEDLINE) for relevant articles published from
January 1990 to December 2014. The search was
performed independently by two authors (FC and ML)
using the terms: “Pancreatectomy”, “Drain”, “Pancreatic
fistula”, “Pancreas”, and “Postoperative complication”.
The full search strategy is shown in the Supplementary
Appendix (Literature search).
The reference lists of relevant studies were
screened to retrieve any further potential studies.
No unpublished data or data from abstracts were
encountered or used. No language restriction was
applied to the search. Abstracts of all potentially
relevant articles were read and assessed. All original
papers studying the management of drains in
pancreatic surgery were retrieved and included in the
systematic review.

Inclusion and exclusion criteria

We included articles that reported clinical studies on
human subjects with any type of elective pancreatic
resection and that compared various strategies of intraabdominal drain management: e.g., drain vs no-drain,
selective drain use, early vs late drain removal, and the
use of different types of drains. Studies reporting on
drainage for acute pancreatitis were excluded. Studies
were included irrespective of their design (prospective/
retrospective, randomized controlled, non-randomized
controlled, cohort studies/case-control studies) or the
length of follow-up. Congress abstracts and personal
communications were not considered.

Statistical analysis

All data from selected studies were analyzed
independently by two reviewers (Čečka F and Loveček
M). We extracted data on methodology, population,
interventions including types of drains, outcome
[39]
measures including POPF rate , postoperative
morbidity and mortality. Missing data were obtained
from the corresponding authors of the studies.
Disagreements were resolved in group discussions.
Our methodology followed the standard guidelines
outlined in the Cochrane Handbook for Systematic
[40]
Reviews of Interventions and the PRISMA statement
(Preferred Reporting Items for Systematic Reviews and
[41]
Meta-Analyses) .

RESULTS
The initial search strategy retrieved 930 publications.
Of these, 868 were excluded in the primary selection
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based on the title and abstract revision (not relevant,
not dealing with drain management) and 43 were
excluded in the secondary selection after reading
the full-text of the potentially relevant studies.
Subsequently, the reference lists of all reviewed articles
were checked manually; however, this did not lead
to identification of any additional studies. Nineteen
studies were identified and included in the systematic
review, representing a total of 4194 patients (samples
[11-17,36-38,42-50]
ranging from 22 to 1122)
. The reviewers
reached agreement on the application of the eligibility
criteria for study selection. A flowchart of the
literature search strategy according to the PRISMA
statement is shown in Figure 1. Only three studies
[13]
were randomized: published in 2001
(n = 179), in
[37]
[17]
2010 (n = 114), and in 2014 (n = 137 patients);
the last study was the only multi-center study, and
the first two were single-center studies. Except for
the three randomized studies, all other studies were
either retrospective observational, time-cohort or pilot
studies.
Table 1 lists the studies analyzing the outcomes of
pancreatic resections without drains. A retrospective
study comparing two cohorts was published by the
group from Memorial Sloan-Kettering Cancer Center
[43]
(MSKCC) in New York . The authors reported
comparable results in both groups (comparable
postoperative complications, POPF rate, CT-guided
drainage, and length of hospital stay). The only
difference was shorter operating time in the group
of patients without drains (P = 0.0001). The same
group from MSKCC conducted a RCT of drain vs no[13]
drain following pancreatic resection . In this trial,
the authors described an equal rate of postoperative
complications in both groups. However, patients with
drain had a higher rate of intra-abdominal collections
and fistulas (22% vs 9%, P < 0.02) and a higher rate
of POPF itself.
Another trial from this department was published
[14]
in 2013 . Six high-volume surgeons were paired
according to their operative drainage practices into
routine drainers, selective drainers and routine nondrainers. The group of patients with intra-abdominal
drainage had a higher POPF rate (P < 0.001) and
higher overall morbidity (P = 0.03). However, the
patients with drains had significantly higher blood loss
in pancreaticoduodenectomy (P < 0.001) as well as
in distal pancreatectomy (P < 0.001). Furthermore,
the patients in the drained group had longer operating
times for both pancreaticoduodenectomy (P < 0.001)
and distal pancreatectomy (P < 0.001). The most
important fact is that mortality was significantly higher
in the no-drain group (3% vs 1%, P = 0.02)
[16]
The study by Paulus et al
analyzed abdominal
drainage following distal pancreatectomy. There
were no differences between the groups regarding
overall complications (P = 0.91) or intra-abdominal
complications (P = 0.58). Estimated blood loss was
higher in the drain group (P = 0.0003).
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Records identified through
initial database search
n = 930
Articles excluded based on
title and abstract revision
n = 868
Articles retrieved for fulltext evaluation
n = 62
Articles excluded after
reading full-text (not
dealing with drain
management)
n = 43
Trials included in the
systematic review
n = 19

Figure 1 Flowchart of literature search strategy.
[46]

Lim et al
avoided abdominal drainage after
uncomplicated pancreaticoduodenectomy in 27
patients at low risk of POPF; these patients were
matched to 27 patients undergoing PD with intraabdominal drainage. Overall morbidity (P = 0.4) and
mortality (P = 1) were similar in both groups. The
POPF rate (P = 0.009) and hospital stay (P = 0.004)
were significantly reduced in the no drainage group.
[47]
Mehta et al
analyzed 709 patients undergoing
PD. Compared with the no drain group, patients with
a primary drain had a higher overall morbidity (P
< 0.001) and POPF rate (P < 0.0001), as well as a
longer hospital stay (P = 0.001). Operation time (P =
0.021) and blood loss (P < 0.0001) were significantly
higher in the drain-group. It is worth noting that intraabdominal drainage did not prevent the need for
secondary drainage in this study (P = 0.358).
[11]
The study by Adham et al
was retrospective
and surgeon-dependent. One surgeon always used an
intra-abdominal drain, whereas the second surgeon
shifted from using a systematic drain to a no drain
policy over the duration of the study. There was no
difference in overall complications (P = 0.11), postpancreatectomy hemorrhage (P = 0.33) or POPF rate
(P = 0.34). The requirement for an interventional
procedure was equivalent in both groups (P = 0.15).
[12]
Behrman et al
used data from the American
College of Surgeons-National Surgical Quality
Improvement Program. In this study, 116 patients
without drains following distal pancreatectomy were
matched using propensity scores with 116 patients
with drains. The overall POPF rate (P < 0.01) and
overall morbidity (P < 0.05) were more common
in patients who received a drain. The placement of
a drain did not reduce the need for postoperative
interventional procedures (0.29).
[45]
Kunstman et al calculated FRS (fistula risk score)
for 265 patients, 259 of whom were managed without
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operative drains. The authors reported an unusually
high rate of postoperative morbidity (83%) with an
acceptable clinically relevant postoperative pancreatic
fistula (CR-POPF) rate (8%). The authors concluded
that the FRS reliably predicts the absence of CR-POPF
in low risk patients and provides an objective way to
[45]
characterize POPF risk .
[15]
A time cohort study was published by Fisher .
Morbidity (P = 0.02) and POPF (P < 0.0001) were
higher in patients with drains. However, postoperative
percutaneous drainage (P = 0.001) and readmission
rates (P = 0.007) were higher in the no drain group.
Based on this preliminary experience, the authors
[17]
conducted a multicenter randomized controlled trial .
A total of 752 patients were planned to be included in
the study in order to detect any significant difference
between the groups. However, the trial was stopped
early by the Data Safety Monitoring Board because of
excess mortality in the patients undergoing PD without
[17]
routine intraperitoneal drainage . After 90 d of followup, there were 8 deaths (12%) in the no-drain group
and only 2 deaths (3%) in the drain group (P = 0.097).
There were more intra-abdominal abscesses (P =
0.033) and abdominal fluid collections (P = 0.033) in
the no-drain group. The POPF rate in both groups was
not significantly different (P = 0.155); however, 14 out
of 21 patients in the drain group had asymptomatic
POPF grade A. All 20 patients in the drain group had
clinically relevant POPF.
Table 2 lists the studies analyzing the timing of
[42]
drain removal. Balzano et al reported a series of 123
patients with DP. The authors preferred cautious drain
management, i.e., maintaining the drain until the daily
output diminished to 5 mL in 24 h. Thirty-nine out of
42 patients with POPF were discharged home with the
drain and maintained it for a mean duration of 36 d.
The authors did not compare this approach to early
drain removal.
A time cohort study was published by Kawai et
[38]
al . In the first period, the drain was removed on
postoperative day (POD) 8, whereas in the second
period the drain was removed on POD 4. The POPF
rate (P = 0.0038) as well as intra-abdominal infections
(P = 0.0003) and infected intra-abdominal collections
(P = 0.0079) were significantly lower in the second
period. According to the authors, increasing infections
occurred around POD 7, with positive cultures of
drainage fluid increasing to 31% on POD 7. This
suggests that prolonged placement of a drain might
be a major cause of postoperative infectious intra[38]
abdominal complications .
[37]
Bassi et al
published a RCT comparing early
drain removal (POD 3) vs late drain removal (after
POD 5) in patients at low risk for POPF. Patients with a
high risk of POPF development (amylase value ≥ 5000
U/L on POD 1) were excluded. Early drain removal was
associated with a decreased POPF rate (P = 0.007),
abdominal complications (P = 0.002), and pulmonary
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Table 1 Main characteristics and results of studies comparing drain vs no drain, or selective drain use n (%)
Ref.

Year Type of study

Jeekel
et al[44]
Heslin
et al[43]

1992

Conlon
et al[13]

Fischer
et al[15]

Paulus
et al[16]

1998 Retrospective

2001

2011

Adham
et al[11]

CorreaGallego
et al[14]

Behrman
et al[12]

RCT

PD 22

NA

PD 89

Closedsuction

PD 139/DP
40

Time cohort PD 153, DP
73

2012 Retrospective

Lim et al[46] 2013

Mehta
et al[47]

Pilot study

Type of Type of drain
resection, n

Selective

2013 Retrospective

DP 69

PD 54

709 PD

2013 Retrospective 148 PD, 66
DP, 20 CPR,
8E
2013 Retrospective 739 PD, 350
DP, 31 CPR,
2 CSP

2014

Closedsuction
(JacksonPratt)
Closedsuction

Closedsuction
(JacksonPratt or
Blake)
Multichannel
open silicone
drain
Closedsuction
(JacksonPratt or
Blake)
Closedsuction
(shirley)
Closedsuction
(JacksonPratt)

Propensityscore match
cohort

232 DP

Kunstman 2014 Routine nonet al[45]
drainer

265 PD

NA

Van Buren 2014
et al[17]

137 PD

Closedsuction

RCT

NA

Groups, n

Age (yr), POPF
range

No drain
n = 22
Drain
n = 51
No drain
n = 38
Drain
n = 88
No drain
n = 91
Drain
n = 179
No drain
n = 47
Drain n = 39
No drain
n = 30
Drain
n = 27
No drain
n = 27
Drain
n = 251
No drain
n = 458
Drain
n = 130
No drain
n = 112
Drain PD
n = 386
Drain DP
n = 154
No drain PD
n = 353
No drain DP
n = 196
Drain
n = 116
no draín
n = 116
Drain n = 6
No drain
n = 259
Drain n = 68
No drain
n = 69

Morbidity Reoperation Operation Blood loss Hospital
time (min)
(mL)
stay (d)

43-79

NA

5 (23)

1 (5)

NA

NA

NA

65 ± 21

3 (6)

23 (45)

2 (4)

386 ± 201

1100 ± 101

12 ± 11

65 ± 21

1 (3)

15 (39)

3 (8)

292 ± 131

1100 ± 101

12 ± 11

66
(23-81)2
69
(33-87)2
63
(53-72)3
59
(51-70)3
52
(44-66)2
58
(52-68)2

11 (13)

55 (63)

8 (9)

330/190

800/600

9+

0 (0)

52 (57)

4 (4)

329/180

800/500

9+

79 (44)

117 (65)

8 (4)

5 (11)

22 (47)

0 (0)

6 (15)

15 (50)

11 (28)

0 (0)

20 (51)

8 (27)

401
(310-490)3
400
(314-458)3
249
(196-290)2
195
(176-260)2

400
7 (7-10)3
(200-700)3
250
7 (6-8)3
(150-500)3
450
9 (7-17)2
(300-750)2
200
6.5 (5-8)2
(100-300)2

62
(40-76)2
62
(38-78)2
604

6 (22)

19 (70)

2 (7)

0 (0)

15 (56)

1 (4)

61 (24)

171 (68)

14 (6)

300
(180-540)2
270
(170-420)2
2944

400
15
(50-2000)2 (11-56)2
300
10
(100-2000)2 (8-26)2
5724
13.84

62.54

48 (10)

248 (54)

26 (6)

2014

2824

11.34

61.5
21 (16)
(20-85)2
66.5
14 (13)
(19-85)2
65 ± 131 149 (27)

83 (64)

16 (12)

235 ± 711

471 ± 5681

45 (67)

17 (15)

265 ± 841

379 ± 3871

301 (54)

3 (< 1)

102 (18)

272 (48)

2 (< 1)

57 +

25 (22)

50 (43)

1 (1)

295
(250-339)3
191
(154-229)3
206
(180-247)3
152
(118-188)3
222 +

16
(2-98)2
18
(7-131)2
8 (7-11)3

525
(350-800)3
400
7 (6-9)3
(200-800)3
400
7 (6-10)3
(250-700)3
200
5 (5-7)3
(100-400)3
NA
6+

59 +

8 (7)

35 (30)

3 (3)

228 +

NA

6+

64.24

21 (8)

220 (83)

NA

NA

NA

6 (3-8)3

62 ± 121
64 ± 131

21 (31)
14 (20)

50 (74)
52 (75)

2 (3)
6 (9)

425 ± 1511
407 ± 1571

460 ± 3521 7 (6-9)3
443 ± 3441 8 (7-14)3

1

mean ± SD; 2 median (range); 3 median (interquartile range); 4 mean, + median. NA: Not available; RCT: Randomized controlled trial; PD:
Pancreaticoduodenectomy; DP: Distal pancreatectomy; CPR: Central pancreatic resection; E: Enucleation; CSP: Central-sparing pancreatectomy.

complications (P = 0.007). The median hospital stay
was also shorter in patients with early drain removal (P
= 0.018).
Only four studies compared various types of drains
following pancreatic resection; these results are
described in Table 3.
[36]
Aimoto et al
compared closed-suction drains
(Blake) vs closed passive drains (Duple) for efficacy
in a retrospective study of 33 patients following PD.
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Only patients with a soft pancreas who developed CRPOPF were included. Overall morbidity was significantly
lower in the patients with a Blake drain compared
to those with a Duple drain (P < 0.01). The authors
concluded that the Blake drains controlled POPF grade
B more successfully than did the Duple drains in this
[36]
study .
[48]
Schmidt et al analyzed the clinical predictors and
patient outcomes of pancreatic fistula following PD in
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Table 2 Main characteristics and results of studies evaluating timing of drain removal n (%)
Ref.

Year Type of study

Type of Type of drain Groups,
n
resection,

n

Balzano 2005 Retrospective
et al[42]
Kawai
et al[38]

2006

Time cohort

Bassi et 2010
al[37]

RCT

Age
(yr)

Drain
duration
(d)

123 DP

POPF Morbidity Reoperation Op time Blood loss Hospital
(min)
(mL)
stay (d)

Open
123
59
36 ± 17 ++ 42 (34)
silicone 28
(19-85)2
CH drain
104 PD
10-mm
52 early 66 ± 101
POD 4
2 (4)
Penrose
52 late 67 ± 101
POD 8
12 (23)
(silicon
multitubular
flat drain)
75 PD, 39 Flat penrose 57 early 56 ± 141
POD 3
1 (2)
1
DP
drain 12 mm 57 late 57 ± 13 POD after 5 15 (26)

246 ± 871 635 ± 5231 11.8 ± 6.11

60 (49)

5 (4)

19 (37)

0

407 ± 761

35 (67)

0

383 ± 591

22 (39)
35 (61)

0
1 (2)

285 ± 971
291 ± 861

1270 ±
12201
1287 ±
13741

42 ± 131

NA
NA

8.7 ± 41
10.8 ± 6.91

35 ± 251

1

mean ± SD; 2median (range). ++: only patients with POPF. PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; RCT: Randomized controlled trial.

Table 3 Main characteristics and results of studies comparing different drain types n (%)
Ref.

Year

Type of study

Type of resection, n

Type of drain

Morbidity

POPF

Aimoto et al[36]

2008

Time cohort

33 PD

Schmidt et al[48]

2009

Retrospective

510 PD

Yoshikawa et al[49]

2011

Time cohort

97 DP

Yui et al[50]

2014

Time cohort

109 DP

Duple drain (n = 14)
Blake drain (n = 19)
Penrose drain (n = 241)
Closed-suction (n = 269)
Penrose drain (n = 56)
Closed-suction (n = 41)
Penrose drain (n = 52)
Closed-suction (n = 57)

10 (71)
2 (11)
241 (47)
269 (53)
56 (58)
41 (42)
28 (54)
25 (44)

14 (100)
19 (100)
8 (3)
38 (14)
40 (71)
26 (63)
22 (42)
15 (26)

PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy.

510 patients over a period of 23 years. The authors
compared patients with closed-suction drains vs open
Penrose drains. There was a significantly higher POPF
rate in patients with closed-suction drains compared
to passive Penrose drains (P < 0.001). However, the
comparison of drain types was not the primary endpoint of this study.
[49]
Yoshikawa et al
studied 97 patients undergoing
distal pancreatectomy. In the first period, the authors
used Penrose drains, and closed suction drains
were used in the second period. The authors stated
that closed-suction drains tended to reduce the
persistent drainage period and significantly shorten
the postoperative stay; however, no exact data were
reported.
[50]
Yui et al
described a retrospective comparison
of two cohorts of patients undergoing distal
pancreatectomy after introducing a new policy for
peri-and post-operative management. This new policy
included the use of ultrasonically activated scissors,
early drain removal and a different type of drain (two
open Penrose drains vs one closed suction drain).
Because several factors changed at the same time, the
contribution of each factor remains unclear.

DISCUSSION
This systematic review aimed to evaluate the current
knowledge about drain management following
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pancreatic resection. This topic has been divided
into three issues: (1) whether to use routine intraabdominal drains at all; (2) when to remove the
drains; and (3) what type of drain is preferred.
Our review is based on a comprehensive literature
search and systematic data aggregation. Nineteen
studies met the inclusion criteria. Drain management
following pancreatic resection has attracted much
attention, especially in the past five years; most of the
studies in this review have been published within this
period. The first systematic review and meta-analysis
assessing drain management was published in 2011;
[13,37,38,43]
this analyzed the results of the first 4 studies
.
[18]
Diener et al
included two studies reporting the
result of drain omission and two studies analyzing
the timing of drain removal. The authors concluded
that the evidence is still unclear and that a treatment
recommendation could not be made. Other studies
have been published since that time, and progress has
[18-24]
been made to date
.
Although surgical drains had previously been
considered as mandatory following pancreatic
resection, a new approach to pancreatic resection
emerged without the necessity for intra-abdominal
[44]
drain insertion with the pilot study by Jeekel et al ,
who described 22 cases of pancreaticoduodenectomy
without drains. The authors concluded that intraabdominal drainage did not improve the results
of pancreatic resection, and thus, it should not be
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considered mandatory. A number of studies have been
published since the first pilot study; the majority of the
[11,14,16,43,47]
[15]
studies were retrospective
or time cohort
in design. These studies showed data suggesting
that pancreatic resection can be safely performed
without routine drainage; they described either
comparable results regarding postoperative morbidity
[11,16,43]
and POPF rate in both groups
or even superior
[12,14,15,47]
results without a drain
. These retrospective
observational trials are inevitably subject to selection
bias or bias due to the uneven distribution of the
involved surgeons’ expertise among treatment groups.
These studies described higher estimated blood loss
[14,16,43,47]
or longer operating times in the drain group
,
which suggest that these cases were more difficult
or demanding, with a higher risk of postoperative
complications regardless of the use of intra-abdominal
[51]
drains . Another source of bias is the surgeon’s
preference. In the study by Paulus, only one of three
surgeons was responsible for those patients who did
[16]
not receive a drain . In the study by Adham, one
surgeon always used an abdominal drain, while the
second surgeon shifted from systematically using a
drain to a no-drain policy over the duration of the
[11]
study . In the study by Correa-Gallego, the six highvolume surgeons involved in the trial were paired
according to their operative drainage practices into
routine drainers (operative drains placed in over 95%
of cases), selective drainers (drains placed in 50% of
cases) and routine non-drainers (drains placed in less
[14]
than 15% of cases) .
Such selection bias is excluded in the randomization
[13,17]
process in RCTs
. The first RCT by Conlon showed
an equal rate of morbidity in both groups but a higher
[13]
rate of POPF in the drain group . The last RCT by
[17]
Van Buren et al seems to be in direct contrast to the
previous RCT as well as the observational retrospective
cohorts.
The Van Buren group had planned to test the
hypothesis that “abandoning routine drainage following
pancreatic resection would not increase the incidence
or severity of postoperative morbidity or mortality”.
This study was conducted in 9 high-volume academic
pancreatic surgery centers and planned to involve 752
patients. However, the Data Safety Monitoring Board
stopped the study because of excess mortality in the
[17]
patients without drainage (12% vs 3%, P = 0.097) .
PD without drain was associated with increased
morbidity and clinically relevant POPF in this study.
The differences between the results can be
explained in several ways. The multicenter approach
seems to provide more validity and generalizability of
[51]
results . Furthermore, the authors from Memorial
Sloan Kettering Cancer Center (MSKCC) did not use
what are the currently generally accepted definitions of
postoperative morbidity and POPF.
Further analysis of the POPF rate in the multicenter
study by Van Buren shows that the overall POPF rate
was higher in the drain group, although not significantly
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so (31% vs 20%, P = 0.155). However, clinically
relevant POPF was higher in the no-drain group (10%
vs 20%, P = 0.104). It is apparent from the results
that all of the patients in the group without drains had
symptomatic fistula. One hypothesis states that some
of the patients would have had asymptomatic fistula
if they had had an intra-abdominal drain. In high-risk
patients who have a leak from the pancreaticojejunal
anastomosis, any excess pancreatic juice is removed
via the intra-abdominal drain if it is present. After
a minor leak has healed, the intra-abdominal drain
is removed, and an asymptomatic POPF grade A is
classified in the patient. However, in patients with
no drain, the pancreatic juice would congest in
the retroperitoneum and peripancreatic area with
subsequent complications. Subsequent digestion and
destruction of the surrounding tissue may be followed
by the development of peripancreatic fluid collections,
intra-abdominal or retroperitoneal abscesses, delayed
gastric emptying, and postoperative hemorrhage.
The controversy regarding the routine abandonment
of drains following pancreatic resection is also evident
[14]
in the study by Correa-Gallego et al . Even at the
[13]
MSKCC, where a RCT
showed that routine intraabdominal drains could be abandoned, twelve years
later two out of 6 high-volume pancreatic surgeons
still routinely use intra-abdominal drains and two other
surgeons drain selectively.
Even though the retrospective observational trials
carry a significant risk of selection bias, all of them
uniformly suggest that routine abandonment of
drains can be safely performed at least in a subset of
[14,16,43,47]
patients
. Therefore, a selective approach to
drain placement according to the individual risk-benefit
[19]
assessment was recommended by some authors .
Drains should be placed in high risk patients, whereas
[19]
they can be omitted in low risk patients . This
[46]
approach was also adopted in the study by Lim et al .
They established a predictive model of POPF based on
body mass index (BMI), pathologic grading of fatty
infiltration, and fibrosis in the pancreatic transection
margin. Intra-abdominal drainage was avoided in
patients at low risk of POPF after uncomplicated PD.
The POPF rate (P = 0.009) and hospital stay (P = 0.004)
were significantly reduced in the no-drainage group.
It is not clear whether better results in the no-drain
group were due to the avoidance of drainage or due to
[46]
a lower risk of POPF in the patients .
A useful model for determining the risk of POPF is
[52]
the fistula risk score (FRS) . A simple 10-point FRS
based on pancreatic gland texture, certain pathology,
pancreatic duct diameter and intraoperative blood loss
accurately predicts subsequent CR-POPF.
The fistula risk score was later calculated by
[53]
McMillan et al
for the patients in the multicenter
RCT published by Van Buren. This work found no
differences between the treatment cohorts in terms
of the fistula risk score. The authors concluded that
patients with moderate and high risk of CR-POPF
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should undergo routine drain placement to ensure
optimal treatment of the fistula and its consequences,
and in patients with low risk, drain placement should
[53]
be left to the discretion of the surgeon .
It is impossible to determine whether the com
plications seen with the use of drains are because
of the drains themselves or because of other factors
related to the patient or to the disease that increase
the rate of complications.
Traditionally, intra-abdominal drains were inserted
following pancreatic resection and maintained until
the risk of POPF diminished. This meant in most
cases maintaining the drains until the daily output
[42]
had decreased to below 5 mL per 24 h . Keeping
the drains for a longer period of time could reduce
the patient’s comfort; however, some authors
believed that this approach could lower the rate of
[42]
delayed complications . Surgically placed drains are
normally removed “at the surgeon’s discretion” with
no clear specification as to when the drains should be
removed. However, with the introduction of fast-track
protocols, the need for reducing hospital-stay, and
ultimately providing high-quality cost-effective care,
more attention has been paid to drain management.
Drain management and especially the timing of drain
[37,38]
removal are key factors
.
Both studies comparing early vs later drain removal
showed superior results for early drain removal, even
though there were certain flaws in the study designs.
[38]
The study published by Kawai et al was a time-cohort
study, which carries significant bias; the study published
by Bassi was criticized for analyzing both procedures
(pancreaticoduodenectomy and distal pancreatectomy)
together, even though the two procedures are different,
[5]
with different POPF rates and a different course of
[54]
POPF development . Furthermore, the authors in
both studies used flat Penrose drains, which are now
[49,55]
considered obsolete
.
Not much attention has been paid to the various
types of drains that are used following intra-abdominal
[18,51]
surgery
. Two types of surgical drains exist:
open drains and closed drains. Open drains evacuate
collected fluid through an artificial catheter inserted
into the postoperative wound. Open drains are
considered obsolete because of frequent retrograde
[55]
infection . Closed drainage is believed to reduce the
risk of retrograde microbial contamination compared
[23]
with open drainage .
Closed drains include two types: passive gravity
drains and closed-suction drains. The majority of
authors prefer various modifications of closed suction
[11,13-17,43,47]
drains (Jackson-Pratt, Blake, Shirley)
.
However, some surgeons believe that negative pre
[56]
ssure might pose potential hazards to the patients ,
increase the risk of pancreatic fistula or lead to delayed
[23]
hemorrhage . Therefore, passive gravity drains are
[42,46]
preferred by some authors
. Various types of drains
[57]
have been studied retrospectively in neck dissection
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[58]

and in liver resection ; RCTs were conducted to
[55]
study the types of drains in cholecystectomy
and
[59]
cardiac surgery . The situation in pancreatic surgery
is different, as the pancreatico-enteric anastomosis
is not water-tight in most cases, as indicated by an
st
[34,60,61]
increased amylase level on the 1 POD
; more
attention must be paid to the choice of drain type in
order to decrease the clinically significant POPF rate.
Only four studies have compared the various types of
[36,48-50]
drains in pancreatic surgery
; however, two of
[48,49]
them
were retrospective observational, and most
importantly, the comparison of the types of drains
was not the primary outcome of the studies, and
the studies took place over a very long time period.
Furthermore, their results are contradictory.
[18]
Diener et al stated that the role of different types
of drains remains unclear. Strobel also noted that the
[51]
type of drainage is unknown . Some surgeons believe
that negative pressure might increase the risk of
[16,23]
pancreatic fistula or lead to delayed hemorrhage
.
Furthermore, there are case reports suggesting that
closed-suction drains may have caused small bowel
[62-64]
perforations
.
[65]
Grobmyer et al
conducted an ex-vivo study
comparing various types of closed-suction drains. The
authors demonstrated that commonly used closedsuction drains generate vacuum pressure from-75
to-175 mm Hg and that the practice of “stripping” the
drain tubing can generate a maximal pressure of-225
mm Hg and significantly higher sustained pressures
than the suction bulb alone. This negative pressure
may hinder wound healing or even promote the
[65]
formation of POPF .
On the other hand, a study in favor of closed[36]
suction drains was that by Aimoto et al , which
reported that Blake drains controlled grade B POPF
more successfully than closed passive Duple drains.
The main conservative management of POPF is
sufficient control of the fistula by adequate drainage of
the enzyme-rich pancreatic fluid.
Furthermore, most of the recent studies analyzing
the role of drains in pancreatic surgery used closed[11,13-17,43,47]
suction drains
.
A new randomized controlled study is currently
underway to compare closed suction drainage vs
passive closed gravity drains in patients undergoing
pancreaticoduodenectomy or distal pancreatectomy
[66]
(DRAPA: DRAins in PAncreatic surgery) . This study
is registered at clinicaltrials.gov under the number
NCT01988519 and plans to enroll 223 patients.
The primary end-point of this study is the rate of
POPF occurrence, and the secondary end-point is
[66]
postoperative morbidity .
In conclusion, the postoperative pancreatic
fistula remains a significant problem after pancreatic
resection. The pancreatico-enteric anastomosis as well
as the suture of the pancreatic resection line is not
absolutely water-tight, which is proven by increased
amylase in the drain fluid from the first postoperative
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day. The majority of the fistulas are asymptomatic.
The goal of postoperative management including the
management of intra-abdominal drains is to decrease
the rate of symptomatic pancreatic fistula. The study
[17]
by Van Buren et al
proved that routine omission
of intra-abdominal drains leads to worse results in
terms of increased postoperative mortality. Although
many retrospective studies have reported superior
results from pancreatic resection without drains,
these studies were influenced by selection bias due
to their retrospective nature. Current studies do not
lead to definitive conclusions, and further studies are
needed to clarify this issue. When drains are used,
early removal is recommended. The final issue that
has not yet been clarified is the preferred type of
drain. Only a few retrospective studies have compared
the various types of drains. However, the analysis of
drain types was not the primary goal in two of them,
and their results were contradictory. A prospective
randomized trial is ongoing; it aims to compare closedsuction drainage with closed passive gravity drains.
This review also emphasizes the importance of welldesigned randomized controlled studies, which are
least likely to be influenced by bias and thus provide
the highest level of evidence.

significant morbidity. Prophylactic intra-abdominal drains were traditionally
considered to help to reduce postoperative complications.

Peer-review

This is a good systematic review about intra-abdominal drainage following
pancreatic resection according to the PRISMA guidelines. This study analyzed
the outcomes of pancreatic resection with and without intra-abdominal drains,
comparing early vs late drain removal and analyzing different types of drains.
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Are faecal markers good indicators of mucosal healing in
inflammatory bowel disease?
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accuracy of faecal inflammatory markers for identifying
mucosal healing.
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METHODS: Bibliographical searches were performed
in MEDLINE electronic database up to February 2015,
using the following terms: “inflammatory bowel disease”,
“Crohn´s disease”, “ulcerative colitis”, “faecal markers”,
“calprotectin”, “lactoferrin”, “S100A12”, “endoscop*”,
“mucosal healing”, “remission”. In addition, relevant
references from these studies were also included. Data
were extracted from the published papers including
odds ratios with 95%CI, P values and correlation
coefficients. Data were grouped together according
to each faecal marker, Crohn’s disease or ulcerative
colitis, and paediatric compared with adult study
populations. Studies included in this review assessed
mucosal inflammation by endoscopic and/or histological
means and compared these findings to faecal marker
concentrations in inflammatory bowel diseases (IBD)
patient cohorts. Articles had to be published between
1990 and February 2015 and written in English. Papers
excluded from the review were those where the faecal
biomarker concentration was compared between
patients with IBD and controls or other disease groups,
those where serum biomarkers were used, those with
a heterogeneous study population and those only
assessing post-operative disease.
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Abstract
AIM: To review the published literature concerning the
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RESULTS: The available studies show that faecal
markers, such as calprotectin and lactoferrin, are
promising non-invasive indicators of mucosal healing.
However, due to wide variability in study design,
especially with regard to the definition of mucosal healing
and evaluation of marker cut offs, the available data
do not yet indicate the optimal roles of these markers.
Thirty-six studies published between 1990 and 2014
were included. Studies comprised variable numbers of
study participants, considered CD (15-164 participants)
or UC (12-152 participants) separately or as a combined
group (11-252 participants). Eight reports included
paediatric patients. Several indices were used to
document mucosal inflammation, encompassing eleven
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endoscopic and eight histologic grading systems. The
majority of the available reports focused on faecal
calprotectin (33 studies), whilst others assessed
faecal lactoferrin (13 studies) and one study assessed
S100A12. Across all of the biomarkers, there is a wide
range of correlation describing the association between
faecal markers and endoscopic disease activity (r values
ranging from 0.32 to 0.87, P values ranging from <
0.0001 to 0.7815). Correlation coefficients are described
in almost all studies and are used more commonly than
outcome measures such as sensitivity, specificity, PPV
and/or NPV. Overall, the studies that have evaluated
faecal calprotectin and/or faecal lactoferrin and their
relationship with endoscopic disease activity show
inconsistent results.
CONCLUSION: Future studies should report the
results of faecal inflammatory markers in the context of
mucosal healing with clear validated cut offs.
Key words: Crohn’s disease; Ulcerative colitis; Mucosal
healing; Faecal calprotectin; Inflammatory bowel disease;
Faecal lactoferrin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With regard to mucosal inflammation and
response to therapy in Crohn’s disease and ulcerative
colitis patients, mucosal healing may be a more reliable
target for treatment than clinical and biochemical
assessment. The available studies in this review show
that faecal biomarkers are promising non-invasive
indicators of mucosal healing and they could be an
appropriate surrogate to endoscopy (the gold standard)
in inflammatory bowel diseases patients. However,
due to a wide variability in the use of clinical indices
and marker cut offs, it’s difficult to compare their
performances. Moreover, a clear definition of mucosal
healing is needed.
Boon GJAM, Day AS, Mulder CJ, Gearry RB. Are faecal markers
good indicators of mucosal healing in inflammatory bowel
disease? World J Gastroenterol 2015; 21(40): 11469-11480
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11469.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11469

INTRODUCTION
The inflammatory bowel diseases (IBD), Crohn’s
disease (CD) and ulcerative colitis (UC), are chronic
diseases characterised by inflammatory changes in
the gastrointestinal tract, which can present at any
age and are defined according to disease location,
[1]
extent and histological findings . IBD features chronic
inflammatory changes, with a relapsing/remitting
course. Symptoms of active disease typically include
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abdominal pain, diarrhoea, haematochezia and
nutritional compromise. Although predominantly
involving the gastrointestinal tract, extra-intestinal
manifestations such as skin lesions, joint changes and
hepatobiliary disease, may be seen in both CD and UC.
Historically, the treatment goal of IBD has been
symptom palliation with clinical remission or response
used as the primary outcomes in clinical trials and for
registration by regulatory bodies such as the FDA.
Clinical disease indices such as the Simple Clinical
Colitis Activity Index (SCCAI) are examples of indices
used in this way, while composite indices such as the
CD activity index (CDAI) use a combination of clinical
[2,3]
and laboratory data . While this approach has many
merits, emerging data suggest that other goals may
be associated with an improved prognosis.
Mucosal healing (MH) is associated with improved
outcomes in clinical trials and has been suggested
as the gold standard for remission as it is a direct
[4]
measure of inflammation of the target organ .
In clinical trials of biological drugs, MH has been
associated with a lower risk of hospitalisation and
[5]
colectomy , improved symptom control and reduced
[6]
corticosteroid use , and a reduced risk of clinical and
surgical relapse following ileocolic resection in patients
[7]
with CD . Despite much discussion concerning MH as
a treatment goal, there is not yet a clear consensus on
[8]
its definition . In addition to MH, the concept of deep
remission (encompassing both clinical remission and
mucosal healing) has been developed although is yet
[9]
to be formally tested in clinical trials .
Recently a working group of the International
Organisation for the study of Inflammatory Bowel
Diseases (IOIBD) published a detailed description
of potential targets for the management of IBD.
The process leading to a “treat to target” approach
in IBD has mirrored that seen in other diseases
where tight disease control has led to improved
[10]
patient outcomes . For both CD and UC, a key
target identified is mucosal healing, in addition to
the absence of clinical symptoms. While biochemical
markers of inflammation in blood (e.g., C-reactive
protein (CRP)) and stool (e.g., faecal calprotectin (FC))
were thought to be adjuvant targets, it was concluded
that insufficient data exist for them to be used as
treatment targets in their own right. At present, the
[11]
assessment of MH requires ileocolonoscopy . While
ileocolonoscopy is the gold standard in assessing
the severity and extent of mucosal inflammation
[12]
and healing in individuals with IBD , it is invasive,
expensive and, therefore, not appropriate for repeated
regular assessment of disease activity.
Faecal tests of inflammation have significant
promise as non-invasive biomarkers that may
reflect intestinal inflammation. These proteins can
be measured easily in a single stool sample and
efficiently quantified by enzyme-linked immunosorbent
assay (ELISA). Furthermore, a number of these
proteins can be measured using point of care devices
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facilitating rapid clinical decision-making based on
[13]
the current inflammatory burden . Recent studies
have considered the potential of those non‑invasive
markers as ways to assist in the diagnosis of IBD
[14]
and as indicators of the response to therapy .
However, for faecal biomarkers to have a key role in
the management of IBD in the treat to target era, it is
essential that there are robust, accurate and validated
data to support specific cut-off values to aid clinical
decision making.
This review aims to examine studies that assess
mucosal healing by non-invasive faecal tests. The
role of several faecal markers will be discussed with
comparison to endoscopic assessment.

MATERIALS AND METHODS
Bibliographical searches were performed in MEDLINE
electronic database up to February 2015, using
the following terms: “inflammatory bowel disease”,
“Crohn’s disease”, “ulcerative colitis”, “faecal markers”,
“calprotectin”, “lactoferrin”, “S100A12”, “endoscop*”,
“mucosal healing”, “remission”. In addition, relevant
references from these studies were also included.
Studies included in this review assessed mucosal
inflammation by endoscopic and/or histological
means and compared these findings to faecal marker
concentrations in IBD patient cohorts. Articles had to
be published between 1990 and February 2014 and
written in English. Papers excluded from the review
were those where the faecal biomarker concentration
was compared between patients with IBD and
controls or other disease groups (e.g., irritable bowel
syndrome), those where serum biomarkers were
used, those with a heterogeneous study population
and those only assessing post-operative disease. No
specific funding was obtained for this study.

RESULTS
Research design

Thirty-six studies published between 1990 and 2014
[15-49]
were included
Summaries of the studies are
shown in Tables 1-6. Studies comprised variable
numbers of study participants, considered CD (15
[15-26,28,38,41-43,45,46,50,51]
to 164 participants)
or UC
[16,22,23,26,28,35-37,39,42,45-48,50,52]
(12 to 152 participants)
separately or as a combined group (11 to 252 par
[22,23,28-34,40,42,44,50]
ticipants)
. Eight reports included
[16,31,34,35,38,43,44,50]
paediatric patients
.
Several indices were used to document mucosal
inflammation, encompassing eleven endoscopic and
eight histologic grading systems. Some of these
systems have been validated (e.g., CDEIS and SESCD), whilst others utilised grading systems that
have not been widely validated. The majority of the
available reports focused on faecal calprotectin (33
[15-37,42-44,50]
studies)
, whilst others assessed faecal
[17-20,22-24,26,28,30,32,38]
lactoferrin (13 studies)
and one
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[42]

study assessed S100A12 . In addition, studies
utilised different faecal biomarker concentration
cut offs for the assessment of markers and scoring
systems.
Across all of the biomarkers, there is a wide range
of correlation describing the association between faecal
markers and endoscopic disease activity (r-values
ranging from 0.32 to 0.87, P‑values ranging from
< 0.0001 to 0.7815). Correlation coefficients are
described in almost all studies and are used more
commonly than outcome measures such as sensitivity,
specificity, PPV and/or NPV. Overall, the studies that
have evaluated faecal calprotectin (FC) and/or faecal
lactoferrin (FL) and their relationship with endoscopic
disease activity show inconsistent results (Tables 1 and
2). Fewer studies have studied the correlation between
FC and FL with histologic severity (Tables 4 and 5).

Faecal calprotectin and endoscopic severity

Of the 28 studies investigating the ability of FC to
determine endoscopic disease activity in patients
with IBD (Table 1), 17 specifically included patients
with CD. Two reports demonstrate high sensitivity
[15,21]
and specificity
. However, the number of patients
in these studies was relatively low (n = 64 and 122,
respectively). In a cohort of 64 CD patients, Schoepfer
and colleagues used a FC cut off concentration of
70 µg/g to demonstrate a sensitivity and specificity
of 89% and 72% for the identification of MH,
[21]
respectively . On the other hand, in a cohort of 122
[15]
CD patients, af Björkesten et al
found a sensitivity
of 84% and a specificity of 74% with a FC cut off of 94
µg/g. While these values are comparable, the studies
used different SES-CD scores to reflect endoscopic
remission (SES-CD ≤ 3 and ≤ 2 respectively).
Reanalysis using a SES‑CD score of 0 (absence of
ulcers) in Björkesten’s study reduced the ability of
FC to detect remission. In both studies only FC was
capable of discriminating between various degrees of
disease activity in contrast to other indicators such as
CRP and the CDAI.
Where calculated, PPV and NPV are variable
between the studies of FC in CD patients. Much of this
variability appears to be secondary to differences in
the cut off concentrations for the faecal biomarkers
and the cut off endoscopic scores used to define MH.
Thirteen studies described the use of FC concen
tration and its correlation with mucosal inflammation
and healing in UC patients (Table 1). For all of
these studies there was a statistically significant
association between FC concentration and mucosal
inflammation. However, only seven of these studies
reported sensitivity, specificity, PPV and NPV for
their studies with respect to a specific FC cut off
[16,23,27,45-48]
concentration
. The largest study, which
included 115 patients with UC, demonstrated a
sensitivity of 93%, specificity of 71%, PPV of 91%
[27]
and NPV of 81% using a FC cut off of 50 µg/g .
Re‑evaluation of this data using a higher cut off of
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Table 1 Studies investigating the correlation between faecal calprotectin concentrations and endoscopic activity in subjects with
inflammatory bowel diseases
Ref.

Number of Population
participants
CD

Endoscopic
index used

UC

Crohn’s disease studies
Falvey et al[46]
59

Endoscopic
index
cut off

Adults

SES-CD

≤3

<3
<3
0
0
≤2

< 0.01

0.35%

< 0.05

-

0.642%

< 0.001

≤3

< 100

-

-

-

-

0.317%

> 0.05

≤2

< 200
< 50
< 100
< 200
≤ 50
< 50
< 50
> 80

100%
44%
69%
92%
-

100%
76%
84%
94%
-

70%
73%
66%
61%
-

0.831%
0.729%

< 0.001
< 0.001

0.45%
0.48%

< 0.05
0.57
0.0001
0.008

-

72%

-

< 0.0001

97.5% 86.8%
-

-

0
< 0.0001

Aomatsu et al[16]

18

Paediatrics

SES-CD
SES-CD

0
0

Sipponen et al[17]
Schoepfer et al[21]

19
122

Adults
Adults

SES-CD
SES-CD

≤3

Langhorst et al[23]

43

Adults

SES-CD

Schoepfer et al[22]
Sipponen et al[18]

36
61

Adults
Adults

SES-CD
SES-CD
(total)
SES-CD
(colon)
SES-CD
(ileal)
CDEIS
CDEIS

0
≤2

≤2

≤ 19

≤2

≤6
≤5
≤ 19

87%
91%
81%
70%
-

≤ 2; ≤ 1

< 100

-

-

≤ 2; ≤ 2

> 200.01
50

88.6%
-

97.1%
-

143
< 85.7
18.6
< 50

61.5%
0%
-

95%
100%
-

-

97.8%
-

0.46%
0.65%
0.65%

≤ 0.05

125
200
250
100
61 Cal
96 BM
110 Cal
259 BM
< 250
< 50
100
150
< 50
< 100
>6
> 48

74%
58%
91%
100%
84.1%
90.9%
80%
83.3%
71%
94.1%
91.2%
93%
86%
100%
81.5%

80%
95%
87%
53%
83.3%
83.3%
66.6%
71.9%
100%
50%
87.5%
71%
88%
6.7%
72.3%

85%
95%
87%
85%
92.5%
93%
69.2%
73.5%
100%
88.9%
96.9%
91%
96%
6.6%
84.6%

67%
59%
91%
100%
68.2%
78.9%
78%
82.1%
47.1%
66.7%
70%
81%
65%
100%
68.8%

0.55%

< 0.0001

0.75%

< 0.0001

≤ 19; ≤ 4
≤1

0

Nancey et al[45]

55

Adults

Rachmilewitz

≤2

Kristensen et al[48]

62

Adults

Mayo

0
0
≤1
≤1
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0.75%

-

Adults

Mayo

< 0.01

-

64

Adults

0.76%

-

af Björkesten et al[15]

42

< 0.001
< 0.001
< 0.001

< 100

≤3

CDEIS
SES-CD
SES-CD

Langhorst et al[23]

0.419%
0.49%
0.56%

≤3

Adults

Rachmilewitz

< 0.0001

< 0.0001
< 0.001

87

Adults

0.53%

0.662%

D’Haens et al[47]

115

< 0.001
< 0.001

≤3

SES-CD

Schoepfer et al[27]

0.784%
0.722%

71%
73%
96.6%
38%
71.4%
71.4%
61%
76%
100%
57.1%
-

Adults

Adults
Mayo
Paediatrics Rachmilewitz
Paediatrics
Matts

< 0.0001

79%
62%
48.5%
89.2%
87.8%
87.8%
89%
88%
82.5%
93.1%
-

78

39
16
17

0.55%

50%
45%
98%
98%

Nancey et al[45]

D’Haens et al[47]
Komraus et al[35]
Aomatsu et al[16]

P value

85%
88%
75%
76%

CDEIS

Jones et al[24]
164
Adults
SES-CD
Denis et al[25]
28
Adults
CDEIS
Schoepfer et al[26]
24
Adults
SES-CD
D'Incà et al[28]
31
Adults
SES-CD
Mixed inflammatory bowel disease population studies
Molander et al[29]
183
69
Mixed
SES-CD;
Mayo
Vieira et al[30]
38
40
Adults CDEIS; Mayo
Schoepfer et al[22]
36
28
Adults
SES-CD;
Rachmilewitz
Canani et al[50]
26
32 Paediatrics Saverymuttu
Fagerberg et al[31]
27
10 Paediatrics Saverymuttu
Silberer et al[32]
21
18
Adults
Stange
Røseth et al[33]
17
28
Adults
Farup
Bunn et al[34]
2
9 Paediatrics Saverymuttu
Ulcerative colitis studies
Falvey et al[46]
38
Adults
Baron

r value

71%
79%
97%
97%
76%
77%
78%
38%
62.2%
82.6%
74%
74%
78%
50%
50%
80%
58%
72%
30%
80%
-

Adults

Adults
Adults

NPV

71%
60%
77%
79%
75%
75%
71%
88%
94.1%
51.6%
81%
84%
82%
94.7%
94.7%
89%
89%
100%
81.8%
-

85

15
77

Correlation

125
200
274 ELISA
272 QPOC
262 ELISA
200 QPOC
250
100
< 250
< 250
< 100
< 94
< 94
100
150
< 100
< 50
< 70
>6
> 48
50
< 100

Lobatón et al[51]

Sipponen et al[19]
Sipponen et al[20]

Faecal
Outcome measures
calprotectin
cut off (μg/g) Sensitivity Specificity PPV

0
≤6

<4
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< 0.001
< 0.0001
< 0.05

< 0.001
< 0.001

0.56%
0.52%
0.84%

< 0.001
0.0391
< 0.01

0.83%

< 0.001

0.49%

< 0.001
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Schoepfer et al[22]
Schoepfer et al[26]
D'Incà et al[28]
Hanai et al[36]
Røseth et al[37]

28
12
46
31
62

Adults
Adults
Adults
Adults
Adults

Rachmilewitz
Rachmilewitz
Mayo
Matts
Sandborn

≤4

50
< 50
> 80

≤1
≤1
≤1

< 10
< 20

-

34%
62%

-

-

0.511%
0.81%
0.57%

0.0025
0.0335
0.001
< 0.001
< 0.0001

CD: Crohn’s disease; UC: Ulcerative colitis; PPV: Positive predictive value; NPV: Negative predictive value; SES-CD: Simple endoscopic score for Crohn’s
disease[54]; CDEIS: Crohn’s disease endoscopic index of severity[55]; ELISA: Enzyme linked immunosorbant assay; QPOC: Quantitative point of care test;
Mayo: Mayo endoscopic sub-scoring of ulcerative colitis[56]; Rachmilewitz: Rachmilewitz endoscopic score[57]; Saverymuttu: Non-standard endoscopic scoring
system[58]; Stange: Non-standard endoscopic scoring system[59,60]; Farup: Non-standard endoscopic scoring system[61]; Baron: Baron score; Matts: Matts score[62];
Sandborn: Non-standard endoscopic scoring system[63]; Cal: Calpro ELISA: Calpro Calprotectin ELISA, Calpro AS, Norway; BM: BM ELISA, EK-CAL,
Buhlmann Laboratories AG, Switzerland; Farmer: Non-standard endoscopic scoring system[64]; Faecal Hb: Faecal haemoglobin; PMN-e: Polymorhonuclear
elastase; Hb-Hp: Haemoglobin; Haptoglobin complex; D’Haens: Non-standard histologic scoring system[65]; Fazio: Non-standard histologic scoring system[66];
Floren: Non-standard histologic scoring system[67].

Table 2 Studies investigating the correlation between faecal lactoferrin concentrations and endoscopic activity in subjects with
inflammatory bowel diseases
Ref.

Number of Population
participants
CD

Adults
SES-CD
Paediatrics Unique score

Sipponen et al[19]
Sipponen et al[20]

15
77

Adults
Adults

SES-CD (total)
SES-CD
(colon)
SES-CD (ileal)
CDEIS
CDEIS

Jones et al[24]
Langhorst et al[23]

164
43

Adults
Adults

SES-CD
SES-CD

61

Adults

Schoepfer et al[22]
36
Adults
SES-CD
Schoepfer et al[26]
24
Adults
SES-CD
D'Incà et al[28]
31
Adults
SES-CD
Mixed inflammatory bowel disease population studies
Vieira et al[30]
38
40
Adults
CDEIS; Mayo
Schoepfer et al[22]
36
28
Adults
SES-CD;
Rachmilewitz
Silberer et al[32]
21
18
Adults
Stange
Ulcerative colitis studies
Langhorst et al[23]
42
Adults
Mayo
Schoepfer et al[22]
Schoepfer et al[26]
D'Incà et al[28]

Endoscopic
index
cut off

UC

Crohn’s disease studies
Sipponen et al[17]
19
Pfefferkorn et al[38]
54
Sipponen et al[18]

Endoscopic
index used

28
12
46

Adults
Adults
Adults

Rachmilewitz
Rachmilewitz
Mayo

≤2

Faecal
lactoferrin
cut off
(μg/mL)
< 7.25

≤6

≤3
≤2
≤2

≤ 19
≤ 19

r value

-

< 0.001

0.705%
0.627%

< 0.001
< 0.001

0.18%
0.865%
0.773%

> 0.05
< 0.001
< 0.001

0.48%
0.42%

< 0.05
< 0.01

100%
77%
-

< 7.25
< 10
< 10
< 7.25
< 7.25
> 7.25
> 7.05
7
<7

77%
66%
71%
81.8%
81.8%
-

100%
92%
83%
60%
60%
-

100%
94%
89%
87.1%
87.1%
-

58%
59%
60%
50%
50%
-

4-8
7

93.2%
-

76.5%
-

83.7%
-

6.64

33.3%

95%

> 7.25
> 7.05
7
<7

88.9%
92.6%
-

66.7%
66.7%
-

≤ 2; ≤ 2

≤4

NPV

70%
81%
-

≤ 19; ≤ 4

≤ grade 1

PPV

80%
43%
74%
-

≥ 60
< 7.25
< 7.25

≤3

Sensitivity Specificity

Correlation

100%
84%
-

≥ 7.25
≤3

Outcome measures

P value

0.192%

< 0.0001
0.0008
0.545

89.7%
-

-

0
< 0.0001

-

-

-

0.0059

82.8%
83.3%
-

76.9%
83.3%
-

0.56%
0.354%

< 0.001
0.078
0.7815
0.023

CD: Crohn’s disease; UC: Ulcerative colitis; PPV: Positive predictive value; NPV: Negative predictive value; SES-CD: Simple endoscopic score for Crohn’s
disease[54]; CDEIS: Crohn’s disease endoscopic index of severity[55]; Mayo: Mayo endoscopic sub-scoring of ulcerative colitis[56]; Rachmilewitz: Rachmilewitz
endoscopic score[57]; Stange: Non-standard endoscopic scoring system[59,60].

100ug/g resulted in values of 86%, 88%, 96% and
65%, respectively. The correlation coefficient of r =
0.83 for UC was higher than found in CD patients (r =
0.75). Again, FC was the only marker that was able to
discriminate inactive from mild, moderate and highly
active disease. A further study evaluating patients
with UC using the Mayo Endoscopic Subscore and FC
with a cut off of 48 µg/g, determined a sensitivity of
[23]
81.5% and specificity of 72.3% . In contrast, an
earlier study from the same region reported specificity
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of only 34% (for FC with cut off of 10 µg/g), or
[37]
62% using a cut off of 20 µg/g . Four more recent
studies have been more thorough in describing the
association between FC concentration and endoscopic
[45-48]
remission
, although in relatively modest numbers
[48]
of patients (38-62 patients only). Kristensen et al
analysed both Mayo 0 and Mayo 0 and 1 combined for
two different commercial FC assays. Not surprisingly,
specificity and PPV were greater when using the Mayo
0 score with both FC assays. On the other hand, in a
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Table 3 Studies investigating the correlation between other faecal marker concentrations and endoscopic activity in subjects with
inflammatory bowel diseases
Ref.

Number of Population
participants
CD

Nancey et al[45]

Langhorst et al[23]

UC

78

Nakarai et al[39]

21

Moran et al[40]
Cellier et al[41]

7
95

Endoscopic
Faecal
index
marker
cut off
measured

Adults

SES-CD

≤2

Neopterin

55

Adults

Rachmilewitz

≤2

Neopterin

152

Mixed

Mayo

0

Mayo

≤1

Faecal Hb
Faecal Hb
Faecal Hb
Faecal Hb
PMN-e
PMN-e
PMN-e
Lysozyme
α1-AT
Faecal Hb
Hb-Hp
α1-AT
α1-AT

43

Silberer et al[32]

Endoscopic
index used

42
18

21

Adults
Adults
Adults

SES-CD
Mayo
Stange

Mixed
Adults

Farmer
CDEIS

Faecal
marker
cut off
200 pmol/g
150 pmol/g
200 pmol/g
150 pmol/g
< 100 ng/mL
< 60 ng/mL
< 100 ng/mL
< 60 ng/mL
< 0.062 μg/mL
< 0.062 μg/mL
0.124
1.3
158
1.8
0.8
≤ 0.58 mg/g

Outcome measures
Sensitivity Specificity PPV
74
80
74
84
92
94
60
58
81.8
70.4
79.5
47.5
20
61.5
64.1
-

73
65
100
100
71
74
87
90
70
66.7
95
95
95
95
95
-

73
68
100
100
37
40
85
88
90
79.2
-

Correlation
NPV r value P value
74
78
73
78
97
98
64
64
54.8
55.6
-

0.47

< 0.001

0.72

< 0.001

0.5409 < 0.0001

0.32
0.36
0.83
0.26

< 0.05
< 0.05
< 0.0001
< 0.0001
0.001
0.001

CD: Crohn’s disease; UC: Ulcerative colitis; PPV: Positive predictive value; NPV: Negative predictive value; SES-CD: Simple endoscopic score for Crohn’s
disease[54]; CDEIS: Crohn’s disease endoscopic index of severity[55]; Mayo: Mayo endoscopic sub-scoring of ulcerative colitis[56]; Rachmilewitz: Rachmilewitz
endoscopic score[57]; Stange: Non-standard endoscopic scoring system[59,60]; Farmer: Non-standard endoscopic scoring system[64]; Faecal Hb: Faecal
haemoglobin; PMN-e: Polymorhonuclear elastase; Hb-Hp: Haemoglobin and Haptoglobin complex.

[47]

study of 39 adults with UC, D’Haens et al used Mayo
0 and a FC cut off of < 250 µg/g leading to 100%
specificity and NPV, but just 50% PPV. Therefore, this
would suggest that while a FC concentration of greater
than 250 µg/g is highly predictive of the presence of
mucosal inflammation in UC, this concentration is no
better than flipping a coin for determining whether a
patient has mucosal healing.

Faecal calprotectin and histological assessment

FC has been compared with histological activity in only
11 studies (Table 4). A study of 61 CD patients showed
a significant correlation between FC concentration (r
= 0.563, P < 0.01) and colonic or ileocolonic disease,
[18]
but not with ileal disease . This is consistent with an
[19]
earlier study published by the same group , which
demonstrated a significant association between FC
concentration and pretreatment colonic disease (r =
0.522, P = 0.046) although only 15 patients were
included.
For UC, the patient groups are small in all of the
studies and there are mixed results regarding the
correlation between FC concentration and histological
appearance. Furthermore, few studies report a FC cut
off concentration that optimally reflects MH.

Paediatric studies evaluating faecal calprotectin

Only one of eight paediatric studies documented
sensitivity, specificity, PPV and NPV in addition to
[16]
correlation coefficients . Although the sensitivity was
high in both CD (94.7%) and UC patients (94.1%),
when utilising a cut off of 100 µg/g, the specificity was
only 50%. Using a cut off of 150 µg/g, the specificity
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for active UC increased to 87.5%. Furthermore,
[16]
Aomatsu et al
demonstrated that FC correlates
closely with the SES‑CD and Matt’s grading (r = 0.760
and 0.838, respectively) - the strongest correlations
identified amongst these studies.
[43]
Fagerberg et al
studied a paediatric group with
predominantly colonic CD. Experienced gastrointestinal
histopathologists divided the patients into two groups
(inflamed and non-inflamed), based upon conventional
criteria for IBD. Using a FC cut off of 50 µg/g resulted
in sensitivity 95%, specificity 93%, PPV 95% and
[31]
NPV 93%. In 2007 Fagerberg et al
evaluated a
mixed group of children with CD and UC. Using a cut
off of 85.7 µg/g for FC, the authors demonstrated a
sensitivity 93%, specificity 82%, PPV 93% and NPV
82% for the identification of mucosal healing.
It is difficult to directly compare paediatric and adult
studies of faecal biomarkers due to the heterogeneity of
the study designs, particularly with respect to the use of
different endoscopic indices and the definition of MH.

Faecal lactoferrin and endoscopic severity

Ten of twelve studies focusing on FL included just
patients with CD (Table 2). For example, Langhorst
[20]
et al
used the SES-CD to demonstrate a sensitivity
of 81.8% and specificity of 60% for FL (r = 0.35, P
[23]
< 0.05) . In another study using the same cut off
concentration (< 7.25 µg/g), a sensitivity of 71%
and a specificity 83% were demonstrated with a PPV
of 89% and NPV of 60%. A PPV of 100% has been
shown in a further report including just 15 patients:
[19]
however the NPV in this series was only 58% .
[28]
In a group of patients with UC, Langhorst et al
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Table 4 Studies investigating the correlation between FC concentrations and histologic activity in subjects with inflammatory bowel
diseases
Ref.

Number of
participants
CD

Population

Histology index
used

UC

Crohn’s disease studies
Sipponen et al[18]
61

D'Haens
(ileocolonic)
D'Haens (ileal)
Sipponen et al[19]
15
Adult
D'Haens
(pretreatment
colonic)
D'Haens
(posttreatment
colonic)
D'Haens (ileal)
Canani et al[50]
26
Paediatric
Saverymuttu
Kaiser et al[42]
32
Adult
Unique score
D'Incà et al[28]
31
Adult
Fazio
Fagerberg et al[43] 22
Paediatric
Unique score
Mixed inflammatory bowel disease population studies
Vieira et al[30]
38
40
Adult
Unique score
Canani et al[50]
26
32
Paediatric
Saverymuttu
D'Incà et al[28]
31
46
Adult
Fazio; Floren
(SES-CD; Mayo)
Fagerberg et al[31] 27
10
Paediatric
Saverymuttu

Kolho et al[44]

9

Bunn et al[53]
2
Ulcerative colitis studies
Canani et al[50]
D'Incà et al[28]
Kaiser et al[42]
Røseth et al[37]

Histology
Faecal
Outcome measures
index
calprotectin
cut off cut off (μg/g) Sensitivity Specificity PPV

Adult

Correlation
NPV r value

P value

< 100

-

-

-

-

0.563

< 0.01

< 100
< 200

-

-

-

-

0.311
0.522

> 0.05
0.046

< 200

-

-

-

-

-

> 0.05

0

< 200
143
< 50
> 80
< 50

81%
95%

80%
93%

95%
95%

93%

0.681
0.412
0.117
-

> 0.05
< 0.0001
< 0.05
0.545
< 0.00001

≤1

> 200
143
79

77%
94%
74%

100%
64%
92%

100%
81%
-

68%
87%
-

0.655
-

0
< 0.05

93%
93%
100%

73%
82%
80%

90%
93%
69%
72%
-

80%
82%
100%
96%
-

0.75

< 0.001

0.79
0.74

< 0.001
< 0.01

78%
-

70%
50%
81%

90%
-

-

0.661
0.323
0.311
0.70

< 0.0001
0.042
0.14
< 0.0001

≤1

> 80
≤2

16

Paediatric

Saverymuttu
Farup

9

Paediatric

Saverymuttu

≤6

32
46
27
62

Paediatric
Adult
Adult
Adult

Saverymuttu
Floren
Unique score
Farup

≤1

< 50
< 85.7
50
100
6.3
143
> 80
< 50
< 10
< 20

≤1

CD: Crohn’s disease; UC: Ulcerative colitis; PPV: Positive predictive value; NPV: Negative predictive value; SES-CD: Simple endoscopic score for Crohn’s
disease[54]; Mayo: Mayo endoscopic sub-scoring of ulcerative colitis[56]; Saverymuttu: Non-standard endoscopic scoring system[58]; Farup: Non-standard
endoscopic scoring system[61]; D’Haens: Non-standard histologic scoring system[65]; Fazio: Non-standard histologic scoring system[66]; Floren: Non-standard
histologic scoring system[67].

used the Mayo Endoscopic Subscore (without a given
cut off concentration for FL), leading to specificity and
sensitivity of 92.6% and 66.7%, respectively, with a
[23]
correlation of r = 0.56, P < 0.001 . A different cohort
using the same index showed a lower correlation
[28]
coefficient for FL (r = 0.354, P = 0.023) .

Faecal lactoferrin and histological assessment

Paediatric studies evaluating faecal lactoferrin

Four studies have evaluated correlations between
[18,19,28,30]
FL and histologic severity
. Sipponen et
[18]
al
described a significant correlation between FL
and colonic or ileocolonic CD (r=0.543), but not
[18]
for ileal disease (r = 0.291) . Subsequently, the
same authors divided patients into subgroups of
pretreatment colonic, post-treatment colonic and
[19]
ileal disease . This report did not find a significant
correlation between FL and mucosal histology. An
[28]
additional study performed by D’Incà et al with only
15 participants demonstrated moderate sensitivity
(77%), specificity (80%) and PPV (95%), which was
comparable to the performance of FC in the same
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group of patients.
Only one study has measured FL and histologic
severity in patients with UC. A sensitivity of 75%, a
specificity of 60%, a PPV of 87% and a significant
[28]
correlation (r = 0.544) was ascertained in this report .

[38]

Only one study has assessed FL in children with CD .
Using an unvalidated endoscopic grading system, the
patients were divided into active and inactive groups.
A cut off of 7.25 µg/g demonstrated a sensitivity of
100% and a specificity of 43%, whereas a cut off of 60
µg/g resulted in a lower sensitivity (84%) but higher
specificity (74%). Again, it is hard to compare these
outcomes to the adult studies evaluating FL due to
marked variability in study design.

Other faecal markers

Although the majority of studies included in this review
have evaluated FC and FL, other faecal markers
have also been assessed including α1‑antitrypsin,
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Table 5 Studies investigating the correlation between faecal lactoferrin concentrations and histologic activity in subjects with
inflammatory bowel diseases
Ref.

Number of Population
participants
CD

Crohn’s disease studies
Sipponen et al[18]
61
Sipponen et al[19]

15

Histology index used

Histology
Faecal
Outcome measures
Correlation
index
lactoferrin
cut off
cut off Sensitivity Specificity PPV NPV r value P value
(μg/mL)

UC

Adults
Adult

D'Incà et al[28]
31
Adult
Mixed inflammatory bowel disease studies
Vieira et al[30]
38
40
Adults
D'Incà et al[28]
31
46
Adults
Ulcerative colitis studies
D'Incà et al[28]
46
Adults

D'Haens (ileocolonic)
D'Haens (ileal)
D'Haens (pretreatment colonic)
D'Haens (posttreatment colonic)
D'Haens (ileal)
Fazio

< 7.25
< 7.25
< 10
< 10
< 10

77%

80%

95%

-

0.543
0.291
0.482
0.477

< 0.01
> 0.05
0.069
> 0.05
> 0.05
0.009

Unique score
Fazio; Floren (SES-CD; Mayo)

4-8
7

90%
76%

92%
67%

96%
90%

83%
-

-

-

Floren

7

75%

60%

87%

92%

0.544

0.0001

CD: Crohn’s disease; UC: Ulcerative colitis; PPV: Positive predictive value; NPV: Negative predictive value; SES-CD: Simple endoscopic score for Crohn’s
disease[55]; Mayo: Mayo endoscopic sub-scoring of ulcerative colitis[57]; D’Haens: Non-standard histologic scoring system[66]; Fazio: Non-standard histologic
scoring system[67]; Floren: Non-standard histologic scoring system[68].

polymorphonuclear elastase, lysozyme, faecal
haemoglobin (FHb), haemoglobin-haptoglobin complex
(Hb-Hp), neopterin and S100A12 (Tables 3 and 6).
[41]
Cellier et al
compared faecal α1-antitrypsin to
CDEIS in 121 CD patients and found no correlation (r
[68]
= 0.26). In contrast, Moran et al
demonstrated in
28 IBD patients a significant correlation between faecal
α1‑antitrypsin and an alternative endoscopic index (r
[68]
= 0.83, P = 0.001) .
Faecal polymorphonuclear elastase (PMN-e) is
significantly correlated with endoscopic severity in CD (r
[23]
= 0.32) and UC patients (r = 0.36) . Similar results for
[32]
a mixed group of patients were found by Silberer et al .
[39]
Nakarai et al
assessed faecal haemoglobin
concentrations in 152 UC patients and compared this
with the Mayo Endoscopic Score (threshold of mucosal
healing). FHb showed sensitivity 94%, specificity 74%,
PPV 40%, and NPV 98%.
Of the studies included in this review, only Kaiser
[42]
et al
investigated the faecal marker S100A12. The
specificity for both CD and UC subgroups was 100%,
whereas the sensitivity was 81% in CD and 91% in
UC.

DISCUSSION
Faecal biomarkers such as FC and FL offer tremendous
promise as non-invasive markers of mucosal inflam
mation. As therapeutic targets move from symptom
control to mucosal healing, it is imperative that noninvasive markers of inflammation are firstly validated
and then become available for routine clinical use. This
could allow more regular assessment of inflammation
with subsequent timely clinical decisions and possibly
lead to a reduced requirement for follow-up endoscopies.
Sensitive and specific biomarkers are essential if a true
treat-to-target approach is to be adopted.
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At best the currently available studies show a
mixed picture with few findings strongly replicated
across multiple studies. This variability is reflected in
diverse study designs with a wide range of endoscopic
and other indices employed. Even within studies using
the same indices, variable scores have been used to
define MH or remission. Additionally, a wide range
of cut off concentrations for faecal biomarkers have
been used, leading to difficulty in the interpretation of
individual results. Until a clear target for treatment is
defined, it is difficult to resolve many of the differences
between these studies.
Correlation coefficients are a useful means of
comparing the association between two sets of
continuous data (such as faecal biomarker concentration
and mucosal inflammation). However, once such
correlations have been shown to be significant, it
is essential that accurate cut-off concentrations are
determined for biomarkers using categorical data for
mucosal inflammation. This allows sensitivity, specificity,
positive and negative predictive values (in addition to
accuracy) to be determined. These parameters are
clinically useful, whereas correlation coefficients provide
limited clinical relevance. Unfortunately, few studies
provided in depth statistical analysis including all the
required parameters.
While there were a large number of studies that
assessed the utility of faecal biomarkers in reflecting
mucosal inflammation at a single point in time, few
followed patients prospectively to determine the
prognostic significance of elevated biomarkers. In
clinical medicine, such prognostic data are essential in
determining appropriate treatment escalation and deescalation.

Future studies

We suggest a number of ways in which future studies
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Table 6 Studies investigating the correlation between other faecal marker concentrations and histologic activity in subjects with
inflammatory bowel diseases
Ref.

Number of
participants
CD

Crohn’s disease studies
Kaiser et al[42]
32

Population

Histology
index used

UC
27

Adults

32
27

Unique
score

Histology
index
cut off

0

Faecal
Faecal
marker marker cut
off
measured

Outcome measures

r value P value

Sensitivity

Specificity

PPV

NPV

-

-

-

-

0.44

< 0.01

81
91

100
100

-

-

0.451
0.44

0.01
< 0.025

S100A12
S100A12
S100A12

Correlation

0.8
0.8

CD: Crohn’s disease; UC: Ulcerative colitis; PPV: Positive predictive value; NPV: Negative predictive value.

may contribute to an improved understanding of the
relationship between faecal biomarkers and mucosal
inflammation and healing.
Firstly, treatment targets in IBD need to be defined
and validated. This issue is much broader than the
field of faecal biomarkers, but is a clinical and philoso
phical problem that needs to be urgently resolved.
Once resolved, then studies can be performed using
established and meaningful endoscopic or other
endpoints against which faecal biomarkers can be
measured. This includes the assessment of biomarkers
against endoscopic and histologic indices, unless there
appears to be lack of a validated grading system in
IBD for the latter.
Secondly, studies should report their data in
clinically meaningful ways including sensitivity,
specificity, positive and negative predictive values
and accuracy. This will allow comparison between
the performances of individual biomarkers and may
demonstrate specific advantages of one biomarker
over another.
Thirdly, consideration should be made to combining
non-endoscopic data to provide the best measure of
mucosal inflammation. This could include combinations
of clinical symptoms, serum and faecal biomarkers and
is likely to be superior to one single parameter. Such
analyses will require well‑powered studies to enable
appropriate analyses.
Finally, the cost-effectiveness of biomarker-driven
treatment algorithms needs to be compared with
symptoms and endoscopy driven approaches. While
biomarker assays are cheaper than endoscopy, the
assay costs are still not inconsequential and cost
effectiveness must be measured in future studies.
These costs should include both direct and indirect
costs (the latter are often missed in such analyses and
the effect of absenteeism for clinical investigations for
patients and their carers should be captured).
In conclusion, Surrogate markers for endoscopic
severity in IBD patients are needed for many reasons.
Mucosal healing is an important and meaningful
objective in the management of this incurable disease.
At present, faecal markers seem promising as tools
to reflect mucosal healing in IBD, however further
research is needed to elucidate their definitive role(s).
The variability of study design and endpoints described
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in this review make it difficult to recommend the
routine use of faecal biomarkers in all patients. Nor can
one biomarker be suggested to be superior to another
given the lack of robust comparative studies. Future
research should focus on large studies with clinically
meaningful endpoints.
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Abstract
AIM: To meta-analyze published data about the
diagnostic accuracy of fluorine-18-fluorodeoxyglucose
18
( F-FDG) positron emission tomography (PET) and
PET/computed tomography (PET/CT) in the evaluation
of primary tumor in patients with gallbladder cancer
(GBCa).
METHODS: A comprehensive literature search of
th
studies published through 30 June 2014 regarding the
18
role of F-FDG PET and PET/CT in the evaluation of
primary gallbladder cancer (GBCa) was performed. All
retrieved studies were reviewed. Pooled sensitivity and
18
specificity of F-FDG PET or PET/CT in the evaluation
of primary GBCa were calculated. The area under
the summary receiving operator characteristics curve
(AUC) was calculated to measure the accuracy of these
methods. Sub-analyses considering the device used
(PET vs PET/CT) were carried out.
RESULTS: Twenty-one studies comprising 495 patients
18
who underwent F-FDG PET or PET/CT for suspicious
GBCa were selected for the systematic review. The
meta-analysis of 13 selected studies provided the
following results: sensitivity 87% (95%CI: 82%-92%),
specificity 78% (95%CI: 68%-86%). The AUC was
0.88. Improvement of sensitivity and specificity was
observed when PET/CT was used.
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CONCLUSION: 18 F-FDG-PET and PET/CT demon
strated to be useful diagnostic imaging methods in
the assessment of primary tumor in GBCa patients,
nevertheless possible sources of false-negative and
false-positive results should be kept in mind. PET/CT
seems to have a better diagnostic accuracy than PET
alone in this setting.
Key words: Positron emission tomography; Positron
emission tomography/computed tomography; Fluorine18-fluorodeoxyglucose; Gallbladder cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fluorine-18-fluorodeoxyglucose-positron
emission tomography (PET) and PET/computed
tomography (CT) demonstrated to be useful diagnostic
imaging methods in the assessment of primary tumor
in gallbladder carcinoma patients, nevertheless
possible sources of false-negative and false-positive
results should be kept in mind. PET/CT seems to have
a better diagnostic accuracy than PET alone in this
setting.
Annunziata S, Pizzuto DA, Caldarella C, Galiandro F, Sadeghi R,
Treglia G. Diagnostic accuracy of fluorine-18-fluorodeoxyglucose
positron emission tomography in gallbladder cancer: A metaanalysis. World J Gastroenterol 2015; 21(40): 11481-11488
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i40/11481.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i40.11481

INTRODUCTION
Gallbladder carcinoma (GBCa) is the most common
carcinoma derived from biliary cells. It is one of the
[1]
most common carcinoma of gastro-enteric system .
The only curative treatment is surgery, but the
anatomical complexity of the porto-hepatic system,
the morbidity and mortality of liver resection and the
risk of tumoral spread induced by the manipulation
of unknown GBCa, as well as the absence of effective
chemotherapy, explain the high mortality resulting
[1]
from these tumors .
Consequently, accurate evaluation and staging are
critical to provide indication to surgery and to avoid
[2]
unnecessary surgical interventions .
Several diagnostic tools have been used in this
setting, including ultrasonography (US), computed
tomography (CT), magnetic resonance (MR), endoscopic
retrograde cholangiopancreatography (ERCP) and
percutaneous transhepatic cholangiography (PTC).
18
fluorine-18-fluorodeoxyglucose ( F-FDG) positron
emission tomography (PET) and PET/CT have been
proposed as non-invasive imaging methods to assess
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18

the disease extent in cancer patients. Since F-FDG is
a glucose analogue, this radiopharmaceutical may be
very useful in detecting malignant lesions which usually
[3]
present high glucose metabolism . Hybrid PET/CT
device allows enhanced detection and characterization
of neoplastic lesions, by combining the functional data
obtained by PET with morphological data obtained by
[3]
CT .
Several studies have evaluated the diagnostic
18
accuracy of F-FDG-PET or PET/CT in the evaluation
of primary tumor in patients with GBCa, reporting
[1,2,4-22]
different values of sensitivity and specificity
. The
purpose of our study is to systematically review and
meta-analyze published data on this setting in order to
provide more evidence-based data.

MATERIALS AND METHODS
Search strategy

A comprehensive computer literature search of
PubMed/MEDLINE and EMBASE databases was carried
out to find relevant published articles concerning the
evaluation of primary tumor in patients with GBCa.
We used a search algorithm based on a com
bination of the terms: (1) “PET” OR “positron emission
tomography”; and (2) “gallbladder” or “gall” or ”
gall-bladder”. Only articles in English language were
considered. The search was performed from inception
th
to June 30 , 2014. To expand our search, references of
the retrieved articles were also screened for additional
studies.

Study selection

Studies or subsets in studies investigating the accuracy
18
of F-FDG PET or PET/CT in the evaluation of primary
GBCa were eligible for inclusion. Case reports, small
case series, review articles, letters, editorials, and
conference proceedings were excluded. The following
inclusion criteria were applied to select studies for this
18
meta-analysis: (1) original studies in which F-FDG
PET or PET/CT were performed in patients with GBCa
or suspicious GBCa; (2) a sample size of at least nine
patients with GBCa or suspicious GBCa; (3) sufficient
18
data to reassess sensitivity and specificity of F-FDG
PET or PET/CT in detecting the primary tumor in
patients with GBCa; and (4) no data overlap.
Three researchers (SA, DAP and CC) independently
reviewed titles and abstracts of the retrieved articles,
applying the above-mentioned selection criteria.
Articles were rejected if clearly ineligible. The same
three researchers then independently evaluated the
full-text version of the included articles to determine
their eligibility for inclusion.

Data extraction

Information about basic study (authors, year of
publication, country of origin), study design (pros
pective or retrospective), patients’ characteristics
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(number of patients with biliary ducts lesions per
18
forming F-FDG-PET or PET/CT, mean age, gender)
18
and technical aspects (injected activity of F-FDG,
time between injection and image acquisition) were
collected.
Each study was analyzed to retrieve the number of
true-positive (TP), true-negative (TN), false-positive
18
(FP), and false-negative (FN) findings of F-FDG PET
or PET/CT in patients with GBCa or suspicious GBCa,
according to the reference standard. Only studies
providing such complete information were finally
included in the meta-analysis.

Quality assessment

The 2011 Oxford Center for Evidence-Based Me
dicine checklist for diagnostic studies was used for
quality assessment of the studies included in the
meta-analysis. This checklist has 5 major parts as
follows: representative spectrum of the patients,
consecutive patient recruitment, ascertainment of
the gold standard regardless of the index test results,
independent blind comparison between the gold
standard and index test results, enough explanation of
the test to permit replication.

Statistical analysis

18

Sensitivity and specificity of F-FDG PET and PET/CT
in the evaluation primary GBCa were obtained from
the individual studies, on a per patient-based analysis.
We considered as positive a biliary ducts lesion with
18
increased uptake of F-FDG, according to the criteria
reported by the different authors. When a positive
lesion was histologically confirmed as malignant, this
was considered a TP lesion, whereas an histologically
confirmed benign lesion was considered as a FP lesion.
We considered as negative a lesion with no uptake of
18
F-FDG: when the lesion was histologically confirmed
as malignant, this was considered a FN lesion, whereas
a histologically confirmed benign lesion was considered
as a TN lesion.
Sensitivity was determined according to the
following formula: TP/(TP+FN); specificity was deter
mined according to this formula: TN/(TN+FP). Sta
tistical pooling of the data was performed by means
of a random effects model. Pooled data are presented
with 95% confidence intervals (95%CI). Heterogeneity
2
between studies was assessed by a I index. A
summary receiving operator characteristics (ROC)
curve was obtained for selected studies and area under
the curve (AUC) was calculated to assess the overall
18
accuracy of F-FDG PET and PET/CT.
Subsequently, subgroup analyses were also per
formed, calculating the pooled sensitivity and spe
18
cificity of F-FDG PET and PET/CT in two groups based
on the different device used (PET or PET/CT).
Statistical analyses were performed using MetaDiSc statistical software version 1.4.
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RESULTS
Literature search

The comprehensive computer literature search from
PubMed/MEDLINE and EMBASE databases revealed
250 articles. Reviewing titles and abstracts, 229
records were excluded as reviews, editorials or
letters, case reports or case series or no direct link
with the main subject. Finally, 21 articles including
495 patients were selected and were eligible for the
[1,2,4-22]
systematic review
; no additional studies were
found screening the references of these articles. The
characteristics of the included studies are presented in
Table 1, Table 2 and Table 3.

Qualitative analysis (systematic review)

Using the database search, 21 original articles
[1,2,4-22]
written over the past 11 years were selected
.
About the study design, 4 of these studies were pros
[1,7,10,15]
[2,8,9,12-14,16,18-22]
pective
, 12 retrospective
and in
[4-6,11,17]
5 articles this information was not provided
.
[1,2,10,11,15,16,18,19,21,22]
Ten studies used hybrid PET/CT
, ten
[4-9,12-14,20]
studies used PET only
, one study used both
[17]
PET or PET/CT . Heterogeneous technical aspects
between the included studies were found (Table 2).
PET image analysis was performed by using qualitative
[1,2,4-22]
criteria (visual analysis) in all the included studies
and adjunctive semi-quantitative criteria [based on the
calculation of the standardized uptake value (SUV)] in
[1,2,6,8-10,12,14-17,19-22]
15 articles
.
The reference standard used to validate the
18
F-FDG PET or PET/CT findings in the included studies
were quite different.

Quantitative analysis (meta-analysis)

Only 13 over 21 studies included in the systematic
review had sufficient data to calculate the pooled sen
[1,2,4-6,8-10,12,13,16,18,20]
[1,4-9,12,13,18]
sitivity
, whereas only 9 studies
provided information about TN and FP lesions, thus
allowing to assess pooled specificity. The diagnostic
18
accuracy values of F-FDG PET and PET/CT in the
studies included in the meta-analysis are presented in
Figures 1 and 2.
18
Sensitivity and specificity values of F-FDG PET or
PET/CT on a per patient-based analysis ranged from
69% to 100% and from 44% to 100%, with pooled
estimates of 87% (95%CI: 82%-92%) and 78%
(95%CI: 68%-86%), respectively. The area under the
summary ROC curve was 0.88 (Figure 3). The included
2
studies showed mild statistical heterogeneity (I : 42%)
in their estimate of sensitivity only.
Subgroup analyses considering the different device
used (PET or PET/CT) were performed. In studies in
18
which F-FDG PET was used, values of sensitivity
(8 eligible studies) and specificity (8 eligible studies)
on a per patient-based analysis ranged from 69%
to 100% and from 0% to 100%, respectively, with

11483

October 28, 2015|Volume 21|Issue 40|

Annunziata S et al . FDG-PET in gallbladder cancer
Table 1 Basic characteristics of the studies included in the systematic review
Ref.

Year

Country

Study design

Patients performing
18

F-FDG-PET or PET/CT with GB lesions

Koh et al[4]
Anderson et al[5]
Rodríguez-Fernández et al[6]
Wakabayashi et al[7]
Nishiyama et al[8]
Oe et al[9]
Petrowsky et al[10]
Shukla et al[11]
Corvera et al[12]
Furukawa et al[13]
Furukawa et al[14]
Butte et al[15]
Lee et al[16]
Zhu et al[17]
Lee et al[18]
Kumar et al[19]
Yamada et al[20]
Albazaz et al[2]
Lee et al[21]
Onal et al[22]
Ramos-Font et al[1]

2003
2004
2004
2005
2006
2006
2006
2008
2008
2008
2009
2009
2010
2010
2012
2012
2012
2013
2013
2013
2014

Japan
United States
Spain
Japan
Japan
Japan
Switzerland
India
United States
Japan
Japan
Chile
South Korea
United States
South Korea
India
Japan
United Kingdom
South Korea
Turkey
Spain

NR
NR
NR
Prospective
Retrospective
Retrospective
Prospective
NR
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
NR
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective

16
14
16
30
32
12
14
24
41
18
18
53
16
10
20
49
14
30
9
10
49

Mean age

Gender

(yr)

(%male)

68
65
68
71
70
68
NR
45
62
NR
NR
57
NR
NR
65
52
NR
NR
NR
63
68

44%
57%
31%
50%
37%
66%
NR
33%
52%
NR
NR
20%
NR
NR
45%
31%
NR
NR
NR
70%
43%

18

F-FDG: Fluorine-18-fluorodeoxyglucose; PET: positron emission tomography; CT: computed tomography; NR: Not reported; GB: Gallbladder; GBCa:
Gallbladder carcinoma.

Table 2 Technical characteristics of the studies included in the systematic review
Ref.

Year

Device

Koh et al[4]
Anderson et al[5]
Rodríguez-Fernández et al[6]
Wakabayashi et al[7]
Nishiyama et al[8]
Oe et al[9]
Petrowsky et al[10]
Shukla et al[11]
Corvera et al[12]
Furukawa et al[13]
Furukawa et al[14]
Butte et al[15]
Lee et al[16]
Zhu et al[17]
Lee et al[18]
Kumar et al[19]
Yamada et al[20]
Albazaz et al[2]
Lee et al[21]
Onal et al[22]
Ramos-Font et al[1]

2003
2004
2004
2005
2006
2006
2006
2008
2008
2008
2009
2009
2010
2010
2012
2012
2012
2013
2013
2013
2014

PET
PET
PET
PET
PET
PET
PET/CT
PET/CT
PET
PET
PET
PET/CT
PET/CT
PET or PET/TC
PET/CT
PET/CT
PET
PET/CT
PET/CT
PET/CT
PET/CT

18

18

F-FDG
Time between F-FDG
mean injected injection and image
dose (MBq)
acquisition (min)
185
370
370
185
185-370
3/kg
370
370
370-555
200-250
200-250
370
370-555
370-555
370
5.5/kg
4.5/kg
400
370-555
370-555
370

60
60
45-60
60
40-55
62-146
45
60
NR
60
60
60
60
45
45-60
60
60
60
60
60
60

Image analysis

Other imaging methods
performed

Visual
Visual
Visual and semiquantitative
Visual
Visual and semiquantitative
Visual and semiquantitative
Visual and semiquantitative
Visual
Visual and semiquantitative
Visual
Visual and Semiquantitative
Visual and semiquantitative
Visual and semiquantitative
Visual and Semiquantitative
Visual
Visual and semiquantitative
Visual and semiquantitative
Visual and semiquantitative
Visual and semiquantitative
Visual and Semiquantitative
Visual and semiquantitative

CT
CT, MRI
US, CT
CT
US, CT
US, CT, MRI
CT
CT
CT, MRI
CT
CT, MRI, PTC
NR
CT
CT
NR
NR
NR
CT, MRI
CT, MRCP, ERCP, EUS
MRI, CT
NR

18

F-FDG: Fluorine-18-fluorodeoxyglucose; PET: positron emission tomography; CT: computed tomography; MR: Magnetic resonance; US: Ultrasonography;
CR: Chest radiography; PTC: Percutaneous transhepatic cholangiography; NR: Not reported; CT: Computed tomography; ERCP: Endoscopic retrograde
cholangiopancreatography.

pooled estimates of 83% (95%CI: 75%-90%) and
71% (95%CI: 55%-84%), respectively. No statistical
heterogeneity was found in these sub-analyses.
18
In studies in which hybrid F-FDG PET/CT was
used, values of sensitivity (5 eligible studies) and
specificity (4 eligible studies) on a per patient-based
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analysis ranged from 80% to 100% and from 0%
to 88%, respectively, with pooled estimates of 93%
(95%CI: 85%-97%) and 80% (95%CI: 66%-90%),
respectively. Statistical heterogeneity was found
2
both in their estimate of sensitivity (I = 65%) and
2
specificity (I = 59%).
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Table 3 Diagnostic accuracy data of fluorine-18-fluorodeoxyglucose-positron emission tomography and positron emission
tomography/computed tomography on a per patient-based analysis
Ref.

Year

Koh et al[4]
Anderson et al[5]
Rodríguez-Fernández et al[6]
Nishiyama et al[8]
Oe et al[9]
Petrowsky et al[10]
Corvera et al[12]
Furukawa et al[13]
Lee et al[16]
Lee et al[18]
Yamada et al[20]
Albazaz et al[2]
Ramos-Font et al[1]

2003
2004
2004
2006
2006
2006
2008
2008
2010
2012
2012
2013
2014

Overall

PET

PET/CT

TP

FP

FN

TN

TP

FP

FN

TN

TP

FP

FN

TN

6
7
4
19
3
14
24
17
14
16
9
15
20

1
1
2
5
1
1
1
0
0
6
1
1
2

2
2
1
4
0
0
4
1
2
4
4
0
0

7
4
9
4
2
0
2
2
0
24
0
0
15

6
7
4
19
3
NR
24
17
NR
NR
9
NR
NR

1
1
2
5
1
NR
1
0
NR
NR
1
NR
NR

2
2
1
4
0
NR
4
1
NR
NR
4
NR
NR

7
4
9
4
2
NR
2
0
NR
NR
0
NR
NR

NR
NR
NR
NR
NR
14
NR
NR
14
16
NR
15
25

NR
NR
NR
NR
NR
1
NR
NR
0
6
NR
1
2

NR
NR
NR
NR
NR
0
NR
NR
2
4
NR
0
0

NR
NR
NR
NR
NR
0
NR
NR
0
24
NR
0
22

NR: Not reported; IH-CCA: Intrahepatic cholangiocarcinoma; H-CCA: Hilar cholangiocarcinoma; EH-CCA: Extrahepatic cholangiocarcinoma; TP: True
positive; FP: False positive; FN: False negative; TN: True negative.

Sensitivity (95%CI)
Koh 2003
Anderson 2004
Rodrigues-Fernandez 2004
Nishiyama 2006
Oe 2006
Petrowsky 2006
Corvera 2008
Furukawa 2008
Lee 2010
Lee 2012
Yamada 2012
Albazaz 2013
Ramos-Font 2014

0.75 (0.35-0.97)
0.78 (0.40-0.97)
0.80 (0.28-0.99)
0.83 (0.61-0.95)
1.00 (0.29-1.00)
1.00 (0.77-1.00)
0.86 (0.67-0.96)
0.94 (0.73-1.00)
0.88 (0.62-0.98)
0.80 (0.56-0.94)
0.69 (0.39-0.91)
1.00 (0.78-1.00)
1.00 (0.83-1.00)
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Figure 1 Sensitivity values of fluorine-18-fluorodeoxyglucose positron emission tomography and positron emission tomography/computed tomography
in the studies (n = 13) included in the meta-analysis.

DISCUSSION
To the best of our knowledge, this meta-analysis is
18
the first to evaluate the diagnostic accuracy of F-FDG
PET and PET/CT in the evaluation of primary tumor in
18
patients with GBCa. Several studies have used F-FDG
PET or PET/CT in this setting reporting different values
of sensitivity and specificity. However, many of these
studies have limited power, analyzing only relatively
small numbers of patients. In order to derive more
18
robust estimates of the diagnostic accuracy of F-FDG
PET or PET/CT in this setting we pooled published
studies. A systematic review process was adopted in
[23]
ascertaining studies, thereby avoiding selection bias .

WJG|www.wjgnet.com

Pooled results of our meta-analysis indicate that
F-FDG PET or PET/CT have a good sensitivity (87%)
and specificity (78%) in the evaluation of primary
tumor in patients with GBCa. Furthermore, the value
18
of the AUC (0.88) demonstrates that F-FDG PET or
PET/CT are accurate diagnostic methods in this setting.
Possible sources of false-positive results (such as
inflammatory diseases of the gallbladder) and false
negative results (such as small size and/or low-grade
tumors) should be considered.
A subgroup analysis considering different device
used (PET vs PET/CT) was performed. We found
higher pooled sensitivity and specificity when PET/
CT was used compared to PET. This is not surprising
18
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Specificity (95%CI)
Koh 2003
Anderson 2004
Rodrigues-Fernandez 2004
Nishiyama 2006
Oe 2006
Corvera 2008
Furukawa 2008
Lee 2012
Ramos-Font 2014

0.88
0.80
0.82
0.44
0.67
0.67
1.00
0.80
0.88

(0.47-1.00)
(0.28-0.99)
(0.48-0.98)
(0.14-0.79)
(0.09-0.99)
(0.09-0.99)
(0.16-1.00)
(0.61-0.92)
(0.64-0.99)

Pooled specificity = 0.78 (0.68-0.86)
0

0.2

0.4

0.6

0.8

1.0

χ 2 = 7.91; df = 8 (P = 0.4419)
2
Inconsistency (I ) = 0.0%

Specificity

Figure 2 Specificity values of fluorine-18-fluorodeoxyglucose positron emission tomography and positron emission tomography/computed tomography
in the studies (n = 9) included in the meta-analysis.
SROC curve

1.0
0.9
0.8

Symmetric SROC
AUC = 0.8787
SE (AUC) = 0.0278

0.7

Q* = 0.8091
SE (Q*) = 0.0280

Sensitivity
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0
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0.6

0.8

1

1-specificity

Figure 3 receiving operator characteristics curve analysis of accuracy values of studies (n = 9) included in the meta-analysis.

considering the higher diagnostic accuracy of PET/CT
[3]
compared to PET imaging .
Regarding the diagnostic work-up of patients
18
with GBCa, F-FDG PET and PET/CT may have
little diagnostic advantage over traditional imaging
[2] 18
modalities in detecting primary GBCa . F-FDG PET
and PET/CT can be complementary to US, MR, CT, PTC
18
and ERCP in staging GBCa patients. Since F-FDG PET
is a whole-body scanning technique, it allows detection
of unsuspected metastatic lymph nodes or distant
spread that may lead to major changes in the surgical

WJG|www.wjgnet.com

[20]

management of patients with biliary tract cancer .
18
Nevertheless, the diagnostic performance of F-FDG
PET or PET/CT in detecting metastatic lymph nodes or
distant spread was not object of our analysis.
This meta-analysis has some limitations such as
the heterogeneity between the studies, the publication
bias and the limited number of articles available for the
subgroup analysis.
Heterogeneity between studies may represent
a potential source of bias in a meta-analysis. This
heterogeneity is likely to arise through diversity in
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methodological aspects between different studies. The
baseline differences among the patients in the included
studies, the reference standard used, and the study
quality may contribute to the heterogeneity of the
results too. In our pooled analysis the included studies
were statistically mild heterogeneous in their estimate
of pooled sensitivity only.
Publication bias is a major concern in all metaanalyses as studies reporting significant findings are
more likely to be published than those reporting nonsignificant results. Indeed, it is not unusual for smallsized early studies to report a positive relationship that
subsequent larger studies fail to replicate. We cannot
exclude a publication bias in our meta-analysis.
Only a limited number of articles were available for
the subgroup analysis based on the different device
used (PET vs PET/CT) and this could limit the statistical
power of the subgroup analysis.
18
Overall, F-FDG PET and PET/CT demonstrated to
be quite accurate non-invasive tools in the evaluation
of primary tumors in patients with GBCa. Nevertheless,
multicentric studies and cost-effectiveness analyses
18
about the role of F-FDG PET/CT in this setting are
needed.
18
F-FDG-PET and PET/CT demonstrated to be quite
accurate diagnostic imaging methods in the evaluation
of primary tumors in patients with GBCa. PET/CT
seems to have a better diagnostic accuracy than PET
alone in this setting.
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